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110 ANALYSIS OF LIME.

Sometimes the material contains manganese, which

however is in very small quantities, and is not usually

analysed separately for.

The analysis of spent lime is very difficult, as the various

sulphides formed are continually undergoing oxidisation,

thereby altering their original state. It is very rare indeed

to analyse a sample of spent lime, except for the amount

of carbonate and sometimes for the amount of free lime

that is left unconverted in carbonate.

For estimation of carbonate proceed as in chalk or flare

lime, taking care to keep back any sulphuretted hydrogen.
For estimation of free lime, or rather hydrated as

Ca(HO)2 , prqceed as follows : The process consists in add-

ing an excess of a solution of a copper salt to a weighed

quantity of lime. The CaO, H 2
O gives a precipitate of

CuO, H 2O, the excess of the Cu remaining unaltered in the

solution. Knowing how much Cu salt was first added,
and then determining the amount remaining in solution,

the difference between the two represents the amount of

Cu thrown out of solution as hydrate. The equivalent of

this quantity of CuO, H 2O in terms of CaO, H 2O is the

amount of CaO, H 2O in the quantity operated on. A
weighed quantity of spent lime is weighed out (say io grams)
and is placed in a 100 c.c. measure, and standard cupric
chloride solution added up to the measuring line. The
mixture is allowed to stand a few hours, and is periodically
shaken up. A measured quantity (say 20 c.c.) of the clear

liquid is taken out by means of a pipette, placed in a

suitable vessel, and an excess of NH
4HO added the

blue liquid formed diluted to a convenient strength with

distilled H
2O.

NH
4OH and distilled water are next placed in a similar

vessel, and some of the standard cupric chloride solution

run in, until the same depth of colour is obtained by
looking down the liquid on to a white surface.

Ascertaining how much of this standard cupric chloride

solution is equal to that present in the 20 c.c. of liquid



CA(HO)2
IN SPENT LIME. Ill

taken, it is easy to calculate the amount equal to that in

the whole 100 c.c. The amount of cupric chloride present
in the original 100 c.c. being known, and that now present

being ascertained, the difference between the two quantities

is the amount of CuCl.
2
removed as hydrated from the

solution. Its equivalent of CaO, H 2
O can therefore be

calculated.

The reaction is represented by the formula :

CuCl 2 ,
2H

2O + CaH 2O2
= CuH

2
O

2
+ CaCl2 + 2H

2O.
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PREFACE.

T N the present volume which may be described

as a small work upon an inexhaustible subject

the Author's aim has been to confine the work

strictly to certain aspects of the Chemistry of Gas

Manufacture, leaving the operations of manufacture

alone.

A knowledge of the elementary truths and

processes of Chemistry being pre-supposed, he has

endeavoured to furnish the working gas engineer

and manager with a concise manual, covering que^-

tions and points requiring attention in the ordinary

course of his duties, which, it is believed, will be

found of practical utility, especially in those gas

works where the operations are not of so great

an extent as to necessitate the employment of a

separate chemical staff.

The volume, it is hoped, should also prove of

utility to students of Gas Manufacture as well as to

managers, as preparatory to the study of works of

a larger scope.
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VI PREFACE.

For convenience of reference, the several sub-

jects specifically treated of including Coal and its

characteristics, Furnace Gases, Products of Carbon-

isation, Materials for Purification, Fire- Bricks and

Fire-Clay, Photometry and Gas Testing, Car-

buretted Water-Gas, &c. are dealt with in separate

chapters (see ''Contents") ;
while in the Appendices

are given carefully selected extracts from matter

previously published elsewhere, including the official

regulations and instructions for testing coal-gas for

illuminating power, calorific value and impurities,

useful tables, data, statistics, &c.

For some of the illustrations the Author is

indebted to the kindness of manufacturers of the

apparatus illustrated, and he takes this opportunity

of expressing his thanks.

For any practical suggestion for the improve-

ment of the work with which readers thereof, or

any of his professional brethren, may be disposed to

favour him, the Author will be sincerely grateful :

and all such communications will have his very

careful consideration with a view to future editions.

HAROLD M. ROYLE.

GAS WORKS,

BECKTON, September 1907.
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THE CHEMISTRY OF GAS
MANUFACTURE.

CHAPTER I.

VL

PREPARATION OF STANDARD SOLUTIONS.

THE most important part in analytical chemistry is the
"
making up

"
and the standardising of standard solutions.

The most generally used of standard solutions are given

here, and how to make them. Their method of use is

explained in their respective places.

In analytical volumetric chemistry standard solutions

are designated normal solutions, when they are of such a

strength that I litre contains a weight of the reagent
in grams equal to the chemical equivalent of that reagent ;

thus normal caustic soda contains 40 grams of NaOH per
litre. The letter N is employed to denote standard normal

solutions.

^N = 5 times the normal strength.

N = one-tenth the normal strength.
10

&c. &c.

The following table gives the combining weight of a

few of the most frequent reagents used in volumetric

analysis :
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Name of Reagent.



INDICATORS. 3

be used in the presence of compounds of iron, aluminium,
or acetate.

It is usually adopted for estimation of ammonia in the

Referee's test, or in the estimation of ammonia in gas

liquor and sulphate. This indicator is not affected by CO 2
.

Methyl Orange. This indicator is prepared by dis-

solving some solid methyl orange in a small quantity of

methylated spirit and diluting with water.

Methyl orange is employed for the estimation of free

ammonia in gas liquor.

Methyl orange is unaffected by CO.2 ,
and is specially

adapted for the titration of alkaline carbonates with mineral

acid or vice versa. \

Phenolphthalein. This indicator is prepared by dis-

solving a little of the solid substance in alcohol. The
solution is colourless, but on the addition of an alkali it

becomes a deep red colour. The colour is immediately

changed when the liquid is acidified either with mineral or

organic acid.

It cannot be employed in cases where carbonic acid is

evolved, as carbonic acid destroys the colour, but as the

bicarbonates (or acid carbonates) do not give the red colour

with this compound, it is most valuable in indicating the

first stage in the neutralisation of a normal carbonate, viz.,

the conversion of the normal into the acid carbonate.

Phenolphthalein is not used in presence of ammonia.

Litmus Solution. The solid litmus is boiled with hot

water
; filter, and add a slight excess of acetic acid. The

solution is evaporated until it becomes pasty, when an excess

of methylated spirit is added. The spirit precipitates the

blue colouring matter
;
the red colouring matter, together

with the alkaline acetates, remains in solution. The blue

precipitate is filtered and well washed with spirit. The

pure blue colouring matter thus obtained is dissolved in

warm water, and the solution is ready for use. As this

solution loses its colour if not exposed to the air, it is only

lightly covered so as to exclude dust, &c. A few drops of
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chloroform well shaken up with it will prevent the forma-

tion of mould.

The solution is turned from blue to red by acid, and

vice versa by alkalies
;

it cannot be used in the presence of

CO
2 ,
unless the liquid is first of all boiled, and all the CO 2

eliminated.

Lacmoid. This indicator is made by dissolving some of

the solid in a weak solution of alcohol. It turns from

brownish yellow to green on excess of alkali.

Used in Coleman & Smith test for naphthalene. Will

not act properly in the presence of carbolic acid, which

masks the point of neutralisation.

Sodium Carbonate, Na
2
CO3

. 53 grams of Na.
2
CO3 per

litre = N solution. This salt must be in an absolute state

of purity, and is prepared by heating the purest sodium

bicarbonate to a dull red heat for about ten to fifteen

minutes, or until no further loss of carbon dioxide or water

takes place. The salt must not be allowed to fuse. It is

then cooled in a desiccator and weighed. To ensure that

the decomposition is complete, it is again heated to a dull

red heat for ten minutes, and after cooling in desiccator, it

should weigh the same as before. 53 grams of this are now

weighed out and dissolved in I litre of water.

This solution is used to standardise the acid solution by,

so it is necessary to take very great care in its preparation.

Ammonia, NH 4OH. The strong solution, sp. gr. .880 =
2oN. This is diluted to any suitable strength that may be

required.

Ammonium Oxalate, (NH 4)2
C

2O4 ,
2H

2
O. 80 grams of

salt in i litre of water = N solution.

Ammonium Sulphate, (NH 4)2SO4
. 66 grams of salt in

i litre of water = N solution.

Ammonium Thiocyanate, NH 4CyS. 76 grams of salt

in i litre of water=N solution.

Barium Hydroxide, Ba(HO)2 ,
8H

2
O. 31 grams in I litre

N
of water = solution.

5
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Bromine Water, Br. Obtained by shaking an excess of

N
bromine with water until saturated = solution.

2

Calciinn Hydroxide (Lime-Water)^ Ca(HO)2
. Obtained

by shaking an excess of quicklime with water until satu-

rated, filter = solution (roughly).

Hydrochloric Acid. Pure HC1 is diluted with water

until sp. gr. of i.io at 60 degrees Fahr. About 166 c.c. of

acid are diluted to I litre by distilled water=N solution.

Its exact strength is titrated against soda.

Potassium Hydroxide, KHO. 56 grams in I litre of

water = N solution.

Potassium Bichromate. 4.913 grams in i litre of water

N
solution, previously dried by gentle fusing in a

porcelain dish.

i c.c. = .0056 Fe.

i c.c. = .0072 FeO.
i c.c. = .0080 Fe

2O3 .

i c.c. = .0089 Fe2O3
H2O.

i c.c. = .0107 Fe2O33H2O.

Potassium Permanganate, KMNO
4

. 3.16 grams in i

N
litre of water = solution.

10

i c.c. = .0056 Fe. &c. &c.

Sodium Hydroxide, NaOH. 40 grams in i litre of

water = N solution.

Sodium Thiosulphate, Na
2S 2
O3.5H 2

O. 24.8 grams per

litre of water= solution.
10

Iodine, I. 12.7 grams per litre of water = solution.

Silver Nitrate, AgNO3
. 16.966 grams in i litre of water

i c.c. = .01302 KCN grams.

N= solution.
10
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For the estimation of chlorine in water, 4.79 grams in

1 litre of water.

i c.c. will precipitate i milligram of Cl.

Di-tri-ortko-phosphate. This is prepared as follows :

2 Ibs. of hydrogen disodium phosphate are dissolved in

i gallon of water, and 2^ Ibs. of cupric sulphate crystals in

1.5 gallon of water. These solutions are well mixed and

the resulting bright blue precipitate washed by decantation

and then dried in a water bath at about 212 degrees Fahr.

This material has a great affinity for SH 2
.



CHAPTER II.

COAL.

THE word coal carries a large meaning to the gas chemist,

and in the analysis required on a gasworks, it is not

general to ascertain the percentage composition, but it is

necessary and very important to analyse and ascertain the

various benefits of one class of coal over another. It might
be just as well to briefly mention the various stages wood
or fibrous matter undergoes in its decomposition before it

ultimately becomes coal.

When woody matter is buried the composition is greatly

altered, with the liberation of hydrogen, marsh gas, and

carbonic anhydride.
The more water there is present the more rapid is this

decomposition.
Coal is the resultant product of this decay, under the

prolonged influence of heat, moisture, and pressure.

The longer this influence has been at work the harder

and richer in carbon is the coal.

Peat is the most recent product, and graphite the oldest

or most prolonged.

The Table given here is by Prof. Raphael Meldola,

F.R.S., and shows the gradual conversion of wood into the

oldest carbonaceous material, graphite :



COAL.

Name.
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ing about sixteen candles on the No. 2 Metropolitan

Argand.
The coke, however, is inferior, resembling the peat, and

the tar and ammoniacal liquor are fair.

In December 1902 Mr John Miller, F.I.C., in the

Glasgow Herald, gives some particulars of the peat industry
on the Continent and in America, and urges that more atten-

tion ought to be given to the peat bogs of Scotland and

Ireland. He says that from I ton of peat there can be

produced 12,500 cub. ft. of gas free from sulphur, 16 Ibs.

acetic acid, 46 Ibs. wood naphtha, 18 Ibs. sulphate of

ammonia, some tar, and loj Ibs. of paraffin wax.

(2.) The next stage to be considered is lignite or brown

coal, and this is peat in a more advanced stage of decom-

position. It is not found in very large quantities in

England and France, but large deposits occur on the

Continent, and the yield of gas is very inferior.

(3.) The ordinary coal may be classified in two

sections :

(a.) Caking coals. (&) Non-caking coals.

(a.) Caking coals are those that soften or fuse on

heating, and on the expulsion of the volatile constituents

leave a coke that has no cellular structure, or in any way
resembles the shape of the original coal.

The exact cause of this caking is not known, as coals

from the same district and of the same composition are

not characteristic in this action, some caking, others not

doing so.

The most obnoxious constituent of most caking coals

is the sulphur, but this under the new Metropolitan Gas
Act is not so serious as in the days of sulphur clauses.

(.) Non-caking coals, when carbonised so that the

volatile constituents are expelled, yield a coke which

retains the original form of the coal, or else crumbles into

small fragments, and as a fuel it is inferior to the coke

of the caking coal variety. Non-caking coals do not differ

much from caking coals in their elementary composition,
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and the classification depends upon their behaviour on

carbonising.

(4.) Cannel coals appear to hold an intermediary

position between lignite and bituminous gas coals, and

are richer in carbon, but poorer in oxygen (see Table).
The coke is obtained in the form of the cannel and is

practically useless for fuel. It yields a very high quality

gas, giving about 12,000 cub. ft. per ton of thirty candles

gas or more. The best named varieties are Lesmahagow,

Boghead, and Newbattle. The latter is the general class

of cannel that is used, and its average result is as

follows :

Specific gravity
-

1.175 (water
=

1,000).

Gas per ton at N.T.P. 13*720 cub. ft.

Specific gravity of gas
- 668 (air= 1,000).

Sperm value from i ton 1,708 Ibs.

Illuminating power 35. 24 candles.

Sulphuretted hydrogen (crude 1.50 per cent., or 946.00

gas) grains per 100 cub. ft.

Carbonic acid 3.00 per cent., or 2,45 1 grains

per ioo cub. ft.

Carbonic oxide (CO) 8.00 per cent.

Coke per ton of coal 1,089.3 Ibs., or 9.72 cwt.

This is a very rich cannel coal. The foul gas contains

a rather large percentage of impurities.

The Lesmahagow cannel coal is practically exhausted,

and very little is found on the market.

In the analysis required of a gas chemist by the engineer

and manager, is not so much the percentage composition
of the coal, but an approximate report on what he may
expect from it when carbonising on the works. The usual

report covers the following ground :

I. Yield of gas per ton of coal.

II. Illuminating power.
III. Coke per ton (total).

IV. Coke per ton (saleable).
V. Sperm value.
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VI. Carbonic acid (CO2).

VII. Sulphuretted hydrogen (SH 2 ).

VIII. Sulphur in coal.

IX. Sulphur in coke.

X. Value of coke as a fuel, percentage of ash, &c.

The first seven items are carried out on an experi-
mental plant, which is generally a small plant especially
fitted up for this purpose, and is as follows :

Experimental Coal-Testing Plant. This plant con-

sists of two small cast-iron retorts, 6 ft. in length, 6 in.

wide, and 3 in. high, with a direct fired setting and damper
to the flues, so that you are able to work one retort at the

time, the second one being handy in case the other cracks.

By means of the dampers one is able to keep the setting
under perfect control. The retorts generally project a few

inches from bed in place of the usual mouthpieces, and
a 3-inch pipe is fitted for an ascension pipe which leads

to the condensing tubes, which may be attached to an

adjacent wall, and consist of ten tubes 10 ft. long and

3 in. in diameter, with proper screw caps on the top (for

cleansing out in case of stoppages) and a small valve on
the bottom for running off the condensed matter, as tar

and liquid. It is unnecessary to have a washer, and the

gas passes direct into the purifiers from the condensers.

The purifiers are two circular boxes, 24 in. diameter

and 12 in. deep, fitted with three trays, on which the puri-

fying material is spread.
Under the new gas regulation (see Appendix) it is only

necessary to purify from sulphuretted hydrogen, the sulphur

compounds being left in the gas, and the purifying material

used is bog-ore or oxide of iron. Some lime can be used

for experimental purposes, if necessary, on a coal which gives
a very bad result owing to the CO

2 being left in
;
this can

be removed and the difference in the test reported on.

The gas from the outlet of purifiers is led direct to the

experimental holder, which should hold about 20 cub. ft.
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It is advisable to have two holders one can be filled with

gas from the retort and then blown into the other by
means of weights and suitable connections. The gas
can then be tested without having. to wait for the gas to

mix in the one holder. The gas can then be tested for

illuminating power, calorific value, c. &c. While this is

being done, another charge can be put on, the gas going
into the first holder. The charge is 2.24 Ibs., or the one-

thousandth part of a ton, and it is desirable to have a

special weight made, or else take 2.25 Ibs. and divide

result by .995. The apparatus is shown in Fig. i.

When the retort is at the desired heat, the charge is

weighed out and placed in a small scoop made to fit the

retort. The lid is smeared round with clay or "
pug," the

scoop is driven in, reversed, and withdrawn, and the door put
on at once. It is necessary to put in a preliminary charge,

to clean the apparatus of all air and previous samples of

gas. The gas is blown away on the outlet of holder, or

burnt at the mouthpiece, and directly the holder is around

shut the cock on the inlet to holder, which must be opened

directly the lid is put on after the fresh charge. The charge
will take from thirty to forty minutes to burn off, and, as

the plant is fitted with pressure gauges, by shutting off the

inlet to holder the gauge will indicate whether gas is still

being made. The holder is weighted in the first instance

so as to give a level gauge at this point. To increase the

make, increase the heats, and put a small vacuum on the

retort.

The holders are connected up to a photometer, either

a Letheby, or preferably a standard instrument as the

Harcourt Table photometer. The results are then certainly

more reliable.

Instead of wasting time waiting for the gas to mix in

the one holder, blow into the second holder
;
this will save

time and greatly facilitate the mixing. Another charge of

the same coal can be put on, and be burning off, leaving

the experimenter at liberty to test the first charge.



EXPERIMENTAL COAL-TESTING PLANT.



14 COAL.

The illuminating power and calorific value is determined

as per Metropolitan Referees' Notifications (see Appendix).
It is necessary to test at least four samples of the same

coal, and take the average.
The tar and ammoniacal liquor are allowed to accumu-

late during the four charges, and are then run off from the

bottom of the condensers, and are run into a trough and the

average taken.

The coke is drawn from the retort into an iron tray and

put on one side to cool
;

it is not quenched, and when cold

is weighed and calculated to its amount per ton of coal

carbonised.

A small piece from each charge is kept for further

analysis in the laboratory.
It is sometimes necessary to ascertain the amount of

impurities in the crude gas. In this case it is advisable to

have a special holder, which can be connected up from the

inlet of purifiers. A charge can be put in the retort as

before, the gas passing through condensers only and going
direct into holder. The holder can then be weighted and

the gas tested for CO
2
and SH 2

as follows :

A series of weighed U tubes filled with soda lime

(four being sufficient) are connected up to one another by
means of rubber tubing ;

this is connected on to three

Woulfe bottles containing cadmium chloride which has been

acidified with a few drops of hydrochloric acid, and the gas
is then passed through these, going through a small experi-
mental meter last first soda lime, and then the cadmium
chloride.

A foot to 2 feet is quite sufficient for a test. The tubes

are disconnected and weighed ;
the increase in weight gives

the direct amount of carbonic acid in the quantity of gas
taken

;
this is calculated to grains per 100 cub. ft.

The Woulfe bottles are then washed out, and a little

bromine water added
;

boil to expel excess of bromine,
acidulate with hydrochloric acid, and add barium chloride

;

filter off the resultant precipitate of barium sulphate, dry
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and burn off in a platinum crucible. The weight of BaSO
4 ,

multiplied by 0.1459, gives SH
2

in quantity of gas taken.

This can easily be calculated to grains of SH
2 per 100

cub. ft.

The working data and calculations for the above test

are as follows :

Working data ist Charge.

Charge 2.24 Ibs. coal.

Gas made 10.9 cub. ft.

Temperature -
70 degrees.

Barometer -
30.26.

Tabular number .982.
Coke 24 oz.

Calorific value 610 B.T.U.

Illuminating power on table photometer 15.80 candles

corrected.

Sperm 591 Ibs. per ton.

These figures are worked out to the make per ton, and

all four charges are done separately and average taken.

The sperm value is calculated as follows :

I. P. x yield per ton x 120

5 x 7000

or I. P. x yield per ton x 0.00343.

Example 10.900 yield per ton.

15.8

87200
545
10900

17222
00343

51666
68888

51666

590.7146 Ibs. sperm per ton.



i6 COAL.

The other calculations are simple ;
the working out of

illuminating value and calorific value are given in their

respective places or chapter.

Example of Estimation of Carbonic Acid (CO 2)
and

Sulphuretted Hydrogen (SH 9) :

Carbonic Add.

ist Tube. 2nd Tube. 3rd Tube.

1000.60 1010.80 1018.60

1003.10 1010.90 1018.60
Before

After

Increase

4th Tube.

1030.1 grains.

2.50 o.io Nil

Gas passed, 1.20 cub. ft.

Temperature, 68 degrees.

Barometer, 30.26.
Tabular number, 987.

987)1.200(1.21 corrected gas used.

987

1030.1

Nil

.2130

1974

1560

i. 2 1 cub. ft. has 2.1 grains CO 2 ;

100 cub. ft. have 2.1 x 100^-1.21 = 2.1

100

1.21)21000(181
121

.990

968

= 1818.18 grains CO2 per 100 cub. ft.

Estimation of Sulphuretted Hydrogen (SH 2). Weight of

BaSO4 x 0.1459 = grains of sulphuretted hydrogen per

100 cub. ft.
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It is also necessary to use the same coke as fuel right

through the test, and it is only by great attention to details

that one arrives at a result which will be in any way con-

firmatory with the working result. If this attention is given
there is not any reason on earth why the results obtained

should not be trustworthy, and a great guide to the proper

working of a coal.

The tabulated copy of a report on a coal is here given,
and shows how the report is written out. In these ana-

lytical reports on coal there is only one exception that can

be taken, />., the coal is not carbonised by the heat derived

from its own coke.

In the retort house, for instance, there is a good coal

being carbonised which, besides giving a good make, &c.,

gives a coke which is an excellent fuel. Another class of

coal is brought in which, with the good heats in the setting,

gives a good make. After a few hours working this coal, and

when the furnaces have been charged with the coke obtained

from this coal, the heats begin to drop off, which, on in-

vestigation, is found to be due to the bad quality of the

coke. This renders the heat in the retort less, and a corre-

sponding drop in the make per ton is noticed.

This information can be practically gleaned from the

analytical report if it is properly studied
;

for instance, the

ash in the coke of the standard sample must be compared
with that in the sample under examination, and also the

water evaporated per Ib. of fuel. It would be as well if

the chemists drew attention to anything of this sort, so as

to save the engineer time in going through too many
details. Special attention should be taken of the ash, as

if this is high one may expect bad heats, which would be

due to the increase in the non-combustible matter which

would clog the furnace and prevent the proper proportion
of primary air, and would require more labour in

"
pricking

up" the furnace to get the utmost efficiency out of this

coke.
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The Analysis of Coal and Coke in the Laboratory.

After ascertaining the qualities of the coal on the experi-
mental basis it is necessary to examine both the coal and

coke in the laboratory for moisture, sulphur, &c. These

methods are as follows :

(i.) Moisture. It is often supposed that to obtain the

moisture in coal is to weigh out a certain quantity and dry
it in the water oven

;
this is an erroneous method, and

gives results that are, to say the least, not reliable. It is

found with this method the coal decreases in weight to a

certain point, and then increases again. This shows that

this method is erroneous. The correct and proper method

is to pass dry gas or air over the coal, and absorb the

moisture that has been taken out from the coal by the dried

air or gas in a tube filled with calcium chloride. A large

cylinder is filled with calcium chloride, and four small U
tubes with the same material

;
these latter are weighed and

the coal is weighed into a dried U tube, and weight taken and

noted. (Fig. 2.) The method of procedure is : The gas
or air is passed through the large cylinder of calcium

chloride, and then through two of the small U tubes, which

are weighed before and after the test to ascertain that all

the moisture is taken out
;
the gas then passes through the

tube which contains the coal, and which is suspended in

a beaker of boiling water
;
on the outlet of this tube is the

other two weighed U tubes, which absorb the moisture in

the gas which has been taken up from the coal.

The gas is burnt on the outlet, and the test is kept going
for two to three hours, when it is disconnected, and the

tubes on the outlet weighed ; they are again replaced and
the test continued for half an hour. If the weight of the

tube is constant the test is finished, but if there is any great
increase in weight between the first and second weighing,

they must again be replaced for another half hour. Deduct
the weight of the tubes from their original weight, and this

gives the weight of moisture in the coal taken. From this
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the percentage is easily calculated. The third tube must
not increase in weight at all, if so, it is doubtful if all the

moisture has been absorbed.

The tubes on inlet likewise must remain constant in

weight to be sure that no moisture is going into the coal.

If the tube with the coal in it is now weighed it will be

found to have lost more in weight than the calcium chloride

tubes have gained, showing that any method of drying

FIG. 2. APPARATUS USED FOR ESTIMATION OF MOISTURE IN COAL.

coal and weighing the decrease in weight of the coal is

obviously inaccurate.

For moisture in coke this is an excellent apparatus, but

coke may be safely dried in the water oven. Without any
error occurring, the loss of weight in coke would be solely

due to moisture, as coke has already been subjected to a

far higher degree of heat than it would obtain in the water

bath.
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Another excellent method is to dry the coal in a

desiccator over sulphuric acid until the weight is constant.

This method also only gives the free moisture. (Fig. 3.)

(2.) Sulphur in coal or coke is best determined by one

of the following two methods. There are many and various

methods, but these are undoubtedly the best.

(a.) Nakamura. A small but average sample of the

coal is ground in an agate until the whole will pass through
muslin or a very fine mesh sieve. Most errors are caused

through not grinding fine enough.
One gram is taken and mixed with about five times its

weight of the following mixture: 13

parts of anhydrous potassium carbonate

and 10 parts of anhydrous soda car-

bonate
;

this is well mixed with the

coal and put into a large platinum

crucible, and some of the mixture (with-
out coal) is sprinkled on the top of the

crucible. The crucible is then covered

and the whole gently heated by the aid

of a spirit lamp for two hours, and no

smoke must escape from the crucible.

The heat is gradually increased, and

the contents should gradually fade to

a greyish colour. The heat is then increased to redness

for from one to one and a half hour, and the whole mass

is then extracted with water, filtered, and bromine water

added to oxidise sulphides to sulphates ;
boil to expel

excess of bromine, acidulate with hydrochloric acid,

and precipitate the sulphur by addition of barium

chloride in excess as barium sulphate. Dry, burn off in

a platinum crucible, and the weight of barium sulphate
found x 0.1373 x 100 gives the percentage of sulphur in

the sample. The process depends upon the slow but

perfect oxidation of the whole of the organic matter

of the coal, and if any fumes are seen coming from

FIG. 3. DESICCATOR
USED FOR ESTIMA-
TION OF MOISTURE
IN COAL.



24 COAL.

the crucible the test is worthless, as it shows imperfect
oxidation.

(.) Modification of Esclikds Process. One gram of

finely powdered coal (as before) is thoroughly mixed with

I gram of light porous magnesium oxide and 0.5 gram of

anhydrous sodium carbonate in a platinum crucible.

The crucible is very gradually heated by means of a

spirit lamp, stirring the mass constantly until strong

glowing has ceased. The temperature is then gradually
increased until in about fifteen minutes the bottom of the

crucible is of a dull red heat. After all the carbon has

burnt away the mass is transferred to a beaker and

dissolved in water. The liquid is then oxidised with

bromine water
;

filter and wash filtrate, acidulate filtrate

with hydrochloric acid, add barium chloride, and proceed
as before.

These two methods are both suitable for the sulphur in

the coke.

The difference between the sulphur in coal and the

sulphur in the coke is the volatile sulphur, and special

notice should be drawn to this in making the report on a

sample of coal for gas making, as it necessitates extra

expense in purification.

(3.) Phosphorus. Ten grams of coal or coke are

ignited in a platinum basin until only the ash is left
;

this is then fused and digested in a covered beaker with

20 c.c. of brominised hydrochloric acid for an hour at

nearly boiling temperature. The bulk of the acid is then

removed by evaporation, and the solution is diluted with

30 c.c. of water. The whole is then filtered, and the

residue washed with distilled water, 15 c.c. of strong
ammonia are added, and this is neutralised by nitric acid

from a burette. When re-solution takes place, diluted

ammonia is added drop by drop until a faint cloudiness

or opalescence appears ;
this is then re-dissolved by addi-

tion of a few drops of nitric acid.
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The liquid is kept near the boiling point during this

operation.
To the faintly acid solution 3 c.c. of strong nitric acid

are added, and then 5 c.c. of a 10 per cent, solution of

ammonium molybdate is quickly added, the solution being

briskly stirred.

After a second or two the yellow ammonium phospho-

molybdate settles in a granular form. This is then nearly

FIG. 4. MUFFLE FURNACE FOR ESTIMATION OF ASH IN COKE.

boiled for five minutes. The precipitate is then filtered off

on a tared filter paper, washed with a weak solution of

nitric acid, dried on the water bath and weighed.
The weight of precipitate x .163 = per cent, of phos-

phorus (Stock method).

Ash. Five grams of finely powdered coal or coke are

weighed in a platinum basin and incinerated in a muffle fur-

nace (Fig. 4) until constant in weight. This usually occupies
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three to four hours. At the end of the third hour, place
crucible in desiccator to cool, and weigh, then replace in

muffle for one hour
;
cool and weigh again. The weight

should be constant, if not, repeat operation until weight is

constant.

Volatile Matter and Fixed Carbon. It is sometimes

useful to know these on a small scale. The method is :

2 grams of coal are ignited in a platinum crucible, with

close fitting lid
;

heat gently for the

first few minutes,

then over a blast,

taking care that the

flame does not en-

tirely envelop all the

crucible, until all com-

bustible gases are

driven off; cool and

weigh. It is neces-

sary to always have

the gas at the same

height in every test,

and three determina-

tions must be made
on the same sample
and average taken.

At the best the results

are only approximate.
FIG. 5. APPARATUS USED FOR ESTIMATION OF

SPECIFIC GRAVITY OF COAL.

Specific Gravity. The specific gravity of coal is ascer-

tained on the following principle : that when a body is

weighed, suspended in liquid, its weight is diminished

by the weight of the liquid displaced. Therefore if the

body is weighed first in air, and again when immersed in

water, the difference between the two weights is the weight
of water displaced by that body, t'.e., the volume of water
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which is equal to the volume of the body. (Fig. 5.) Three

or four pieces of the sample of coal (representative of the

sample) are selected, about the size of a walnut. These are

brushed free from dust, and one piece at a time is weighed
first in air and then in water. The coal is suspended from

the arm of the balance (of which one pan is removed and

a special gravity pan used) by a silken thread. The weight
of this in air is first taken, and a beaker full of water is

placed under the coal and is nearly filled with water at

60 degrees Fahr., and the coal (which reaches to about the

centre of the beaker) is then suspended in the water. It is

necessary to remove all air bubbles, and the coal is moved

up and down until such are all liberated. The coal is then

weighed.
The specific gravity is then calculated as follows :

Weight of coal in air 260.0 grams
Weight of coal in water -

59.8

Loss of weight in water - 200.2

260.0

20O. 2 1.298 specific gravity.

Nitrogen. The nitrogen in coal is usually determined

by Kjeldahl's method. This depends upon the fact that

many nitrogenous organic compounds, when heated with

strong sulphuric acid, have their nitrogen converted into

ammonia, which at once unites with the sulphuric acid,

forming ammonium sulphate. The amount of ammonia
in the ammonium sulphate is then determined by distilling

with caustic potash into a standard sulphuric acid solu-

tion, and the amount of NH
3 estimated

;
from this the

nitrogen is calculated.

Arsenic. It is sometimes of very great importance to

know the amount of arsenic in the coke that is being

supplied for certain technical purposes. The standard and

official method adopted by the Government laboratory,
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is known as Thorpe's method (Journal Chem. Soc., 1903,

p. 969).

By a suitable method of testing, the minutest trace of

arsenic can be easily determined t6 amounts below one-

thousandth of a grain per Ib.

The method adopted by Thorpe is fairly rapid in

execution and distinguishes the amount of arsenic which

is volatile, and that which is fixed and is left in the ash.

A piece of hard glass tube, about 60 cm. long, is drawn

out, and the drawn-out portion is bent into the shape of an

adapter, as shown in Fig. 6, A. Ten grams of the finely

powdered sample of coke is then introduced into the tube,

so that it occupies the centre of the tube, leaving empty a

certain space. A convenient method of introducing the

fuel is to evenly distribute it on a piece of glazed cardboard

(to prevent the substance adhering to it), which can be

inserted in the tube and inverted, the coke distributed as

desired, the cardboard being withdrawn.

The drawn-out portion is then connected, as shown,
with the absorption apparatus containing dilute sulphuric
acid. A convenient form of apparatus being a modification

of De Koninck absorption bulbs, so that the products of

combustion are offered a good wetted surface. The hard

glass tube is placed in an ordinary combustion furnace and
connected with an oxygen gasholder.

The burners beneath the empty portion of th.e tube are

first lighted, and a rapid current of oxygen kept continually

passing through the apparatus. The powdered fuel is then

heated nearest the inlet of the oxygen, and as soon as the

combustion once starts, very little heat will be required, and

the coke burns away without the formation of sooty or

tarry products.
The whole operation is under perfect control, and

occupies from two to three hours, depending upon the

nature of the coke.

The ash is left in a loose, pulverised form. The arsenic

in the fuel is then partly in the ash and partly in the liquid
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or the absorption apparatus, and partly in the end of the

combustion tubing.
r. To determine the amount of the arsenic retained in

the ash :

The ash is shaken into a small Kjeldahl's flask of about

100 c.c. capacity, which is then attached (preferably by
means of ground glass joints), as shown in Fig. 6, B, to a

small condenser, connected to a small flask containing
about 10 c.c. of hydrochloric acid (sp. gr. i.i). Into the

flask containing the ash 25 c.c. of hydrochloric acid con-

taining 0.25 c.c. of strong bromine are added through the

funnel D.

FIG. A.

FIG. 6. APPARATUS FOR ESTIMATING ARSENIC IN FuEt.

FIG. A. A
,
Hard glass tube

; B, Absorption tube.

FIG. B. A, Distillation flask ; B, Condenser ; C, Flask for receiving distillate ;

D, Funnel.

The glass is then heated and the liquid maintained just

on the boil for two hours. After it has cooled, add about

a gram of potassium metabisulphite, and the liquid is

again heated until all the free bromine disappears.

The solution is then filtered free from the insoluble

or suspended silica, and the filtrate is washed with the acid

contents of the other flask. It is not absolutely necessary

to remove the silica, but it facilitates the working and

prevents irregular boiling. The filtered solution is returned

to the distilling flask and connected to the condenser, and

is boiled to expel the sulphurous acid.
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The condenser is then reversed and the liquid distilled

into the small flask attached to the other end.

The distillation is continued until the residue in the dis-

tilling flask becomes syrupy, when 10 c.c. more of hydro-
chloric acid are added to the residue, and the distillation is

again carried on.

The total distillate is made up to 100 c.c., and an aliquot

part of this is transferred to a small porcelain dish, 5 c.c. of

pure nitric acid and 2 c.c. of pure concentrated sulphuric
acid are added, and the solution is evaporated until fumes

of sulphuric acid are freely evolved.

The dish is cooled and diluted with 20 c.c. of water and

transferred to a small flask.

Half a gram of potassium metabisulphite is added, and

the solution boiled until free from sulphurous acid.

When cool this solution is ready for the determination

of the fixed arsenic by means of Marsh's apparatus.
2. The amount of volatile arsenic in the combustion of

the fuel is carried out as follows :

The acid in the absorption tube is poured into a small

beaker, and the absorption tube rinsed with a small quantity
of water.

The end of the hard glass tube is then well washed by
repeatedly sucking the liquid up from the small beaker

into it.

Finally the glass tube is washed out with a little more

acid, and the total washings made up to about 50 c.c.
;
of

this, 25 c.c. are taken and used directly for the estimation of

the arsenic. The estimation of the arsenic in both solutions,

or the fixed and the volatile arsenic (which are done separ-

ately), may be made by means of Marsh's apparatus, and in

this case it is unnecessary to remove the hydrochloric acid

by evaporation with nitric and sulphuric acid.

The nascent hydrogen required for Marsh's process

(which is unnecessary to describe in detail, and can be found

in any good text-book on chemical analysis) is conveniently

prepared by the action of dilute hydrochloric acid on zinc,
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mixed with clippings of pure electrotype copper in quantity
to give a steady and fairly rapid stream of the gas.

The amount of arsenic obtained is estimated by com-

parison with arsenic deposits obtained from the use of

arsenious oxide on the same apparatus.
It is hardly necessary to impress the necessity of carry-

ing out blank experiments on the chemicals and re-

agents to ascertain that they are absolutely free from

arsenic.

Thorpe has proposed and used an electrolytic method
in the place of Marsh's apparatus. Briefly this apparatus
consists of a circular glass vessel, provided with a ground

glass stopper and connections, and carries a drying tube,

filled with calcium chloride. This with a porous vessel

forms the inner cell for the cathode where the hydrogen
and hydrogen arsenide are produced on passing the electric

current.

The vessel is opened at the top, and has, passing through
the ground glass stopper, a tap funnel, the stem of which

reaches to a point just below the neck of the vessel. From
the stopper a bent glass tube, bulb shaped, passes off and

is connected by means of a ground glass joint with the

drying tube. A stout platinum wire, fused through the

glass cap, establishes connection between the current

generator outside and the electrode within the vessel.

A small Bunsen circular burner is used with this

apparatus.
The standard deposits are made from definite strength

solution of pure resublimed arsenious oxide, which is ground
to a powder and dried at 100 degrees Cent.

;
o. I gram is accu-

rately weighed and transferred to a litre flask, but washing
it down into the flask with I to 2 c.c. of pure hydrochloric
acid. The liquid must not be heated, and when the solution

is complete, it is made up to a litre with distilled water.

Each c.c. of this solution contains o.oooi gram of arsenious

oxide.

100 c.c. of this solution are now accurately measured
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and diluted to 1,000 c.c. by distilled water. Each c.c. of

this solution contains o.ooooi gram of arsenious oxide.

5 c.c. of sulphuric acid are diluted with 20 c.c. of water,

0.5 gram of potassium metabisulphite is added, and the

solution is boiled to expel sulphurous acid. When cold the

solution is tested for its freedom from arsenic.

Similar quantities of sulphuric acid are now taken, and
to them in turn are added varying quantities of the standard

arsenic solutions.

These are now tested for arsenic deposits, which are the

standard deposits, and are tabulated and kept for reference.

FIG. 7. LEWIS THOMPSON'S FUEL CALORIMETER.

A, Pestle and Mortar; B, Sieve for sifting coal; C, Rough scales; D, Box containing
combustion mixture ; E, Cylinders for holding coal and combustion mixture ; F, Stand

with clips for holding cylinders; G, Cover to go over F\ H, Water cylinder; /,

Thermometer ; X, Wire for cleaning G after combustion ; L, Spatula.

The solutions obtained from the fuel to be tested are

next tried for their amount of arsenic, and their deposits

compared with the standard ones.

The Calorific Value of Coke. There are many appa-
ratus for the estimation of the calorific value of the coke,

amongst the best known being the Lewis Thompson's
calorimeter, Mahler bomb calorimeter, and various modifi-

cations of these.

The Lewis Thompson calorimeter consists of a cylindri-
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cal copper furnace, a spring clutch base to carry a furnace,

copper combustion cylinder or furnace fitting the spring
of the base, a delicate thermometer, clearing wire, and

graduated glass cylinder, and the oxygen mixture.

A representative sample is powdered so that it will pass

through the sieve, and a smaller quantity is then ground to

a very fine powder in an agate mortar. Two grams of this

are thoroughly mixed with about ten times their weight of

the oxygen mixture, which must also be of a fine powder
and dry. The whole of the mixture is then placed in

one of the copper furnaces and compressed down a little

at a time.

The furnace is then placed in the socket of the brass

plate. Place half an inch of fuse on the top, add a little

oxygen mixture loosely around fuse. The measure is then

filled with water to the desired mark, which holds 1,934

grams of water, and its exact temperature noted. If left to

stand in the round some time it will be the same tempera-
ture as the room. Not more than 2 degrees is the difference

between the air of the room and the water. Close stop-
cock in combustion cylinder, light fuse, and quickly place
the cylinder over brass base and furnace, and at once sub-

merge the whole into the glass cylinder of water.

Combustion will have ceased as soon as bubbles stop

rising from bottom of cylinder, usually in about a minute,

open stop-cock, and move cylinder up and down in the

water so as to equalise temperature. If the condenser

does not vent when tap is opened, clear passage with

wire.

The thermometer is in the water during the whole of

the operation.

The difference in the temperature of water before and

after + 10 per cent, of the difference (for the heat ab-

sorbed by the metal cylinder). Multiply total difference

by i .8- equals Ibs. of water evaporated per Ib. of fuel.

To find calorific value multiply total difference in

temperature by 956 = calories per Ib. of fuel.

C



34 COAL.

Increase = 5.6 Cent. 6.1 x 1.8= 10.98 per Ib.

10 per cent. = .5 6.1 x 956 = 5,831.6 calories.

5,831.6x1.8=10,596.88 B.T.U.
6.1 per Ib.

One of the best modifications of Mahler bomb is that

known as the Mahler-Donkin bomb calorimeter.

The bomb in which combustion takes place is made of

special metal, which resists corrosion and has a very high
tensile strength. It is plated inside to withstand corrosion

by the acid generated during combustion. It is fitted with

a cover which fastens down. This cover has a screw valve

attached to it to regulate the introduction of oxygen from

a Erin's cylinder. The fuel is placed in a platinum crucible

inside the bomb.

The electrodes are connected by a fine wire which

serves to ignite the fuel, and are connected to a battery for

this purpose.
One of the electrodes is insulated by a porcelain collar

where it passes through the cover of the bomb.

The bomb is placed inside a vessel containing a known

weight of water, which is stirred by an arrangement of

paddles to ensure a uniform temperature. This vessel is

in the interior of an annular vessel, which acts as a water

jacket. There is also an air space between the inner

vessel and the water jacket, which serves as a heat insu-

lator, while the outer water jacket prevents heat reaching

the calorimeter from external sources.

A thermometer is provided for taking the temperature

necessary.

A certain amount of the fuel to be tested is ground to a

very fine powder, and I gram is weighed out and placed in

the platinum crucible.

The electrodes are now connected by means of platinum
wire about o.i mgr. in diameter. The loop of the wire

between electrodes should rest on the fuel in the crucible.

The bomb cover is now screwed down on a joint of fine

lead wire.
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The cylinder of compressed oxygen is now connected

to the lower branch provided on the screw valve.

Connect up pressure gauge, open the valve on bomb
cover, and then slightly open the valve of oxygen cylinder.

Gently open the regulating valve and admit oxygen to

bomb very slowly, and allow pressure to increase gradually

by degrees. When the pressure is 25 atmospheres per

FIG. 8. MAHLER-DONKIN BOMB CALORIMETER.

square inch, the supply of oxygen is cut off. This quantity
is ample for the combustion of I gram of fuel.

Close regulating valve and then screw down the valve

on bomb cover.

The oxygen cylinder and tubing may now be discon-

nected.

Weigh out the required amount of water, which is usually
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from 2,000 to 2,500 grams, and pour into the calorimetric

vessel. Then place bomb and stirring gear in position
inside the vessel. The water jacket must be kept filled

with water, and its temperature must be steady at that of

the atmosphere. Well agitate water and read thermometer.

The fuel is now ignited by connecting one wire from

battery to the insulated terminals, and with the other make
contact with any part of the bomb cover. Combustion

immediately starts.

The temperature is taken every half minute until ther-

mometer begins to fall.

The maximum temperature is carefully noted.

The stirring apparatus must be kept at work during the

whole of the period.

The formula for calculating the results, with no correc-

tion, and these results are sufficiently accurate for all

practical purposes :

If W= weight of fuel tested in pounds.
H = calorific value of fuel in B.T.U. per pound.
W

l
= weight of water in calorimetric vessel in pounds.

W
2
= water equivalent of calorimeter in pounds.

/ = temp. Fahr. of water in calorimeter before combustion.

/!
= maximum temp. Fahr. of water in calorimeter after

combustion.

Then (Wl
+W2)

x ft
- /

)
= heat received by water and instrument.

WH = heat evolved by combustion of fuel sample.

Hence H = (
W
^+

W
2> x ft

- / ) in B.T.U. per pound.



CHAPTER III.

FURNACES TESTING AND REGULATION.

IT is not proposed to deal in any way with the construc-

tion of retort furnaces and settings, but only to give the

best methods of regulating these settings from a practical

scientific point of view. If proper attention is paid to this

important point on a gasworks, a considerable saving can

be made in the fuel used in the furnace, giving a corre-

spondingly larger quantity of coke for sale. There are

various types of settings in use at the present time. The

following is a brief description of their characteristics :

1. Simple direct coke-fired setting, with open grate.

2. The generator type of setting where solid fuel is

gasified, but no means for heating primary or secondary
air.

3. The regenerator or recuperative setting in which

the fuel is gasified as in generator, and in addition the

waste gases are utilised to heat the supply of secondary

air, and in some cases the primary air also, thus returning
to the setting heat which would otherwise be lost. The

principle of the two latter types of gaseous firing is the

conversion of the carbon in the coke into carbon mon-
oxide at first, and then by the proper admission of second-

ary air to convert this CO to CO 2
in the combustion

chamber.

In the old type of furnace (open grates) the coke is

burnt to CO
2

direct in the furnace, and it is necessary to

have the retorts as near to this source as possible.
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The uncontrolled inrush of cold air, the smallness of the

furnace necessitating the frequent opening of the door for

FIG. 9. TIGHT CLINKERING DOOR, SHOWING PRIMARY AIR PORTS.

recharging and clinkering, the use of cold coke, all combine

to cause great waste of fuel and labour.

From the chemist's point of view very little can be done

with this type of setting.
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In modern works, direct fired settings have been

entirely superseded by the system of gaseous firing, the

advantages of which are readily understood.

The large furnaces comparatively seldom require

clinkering and feeding ;
the use of hot coke and the ad-

mission of just sufficient air for the necessary combustion

result in large economies in fuel composition and wear and

tear. A form of gaseous firing is the generator, and the

more advanced type is the regenerator.

The settings have an absolutely tight clinkering door

through which are cut ports to admit the primary air,

sufficient to convert the fuel into carbon monoxide.

The combustible gases pass from the generator into the

combustion chamber, and it is here that the secondary air

is admitted, and the final combustion takes place.

The high temperature flame thus formed circulates

round the retorts, heating them evenly, and without the

cutting action so noticeable in the direct fired setting.

If this secondary air is heated by the waste gases,

further economies are then obtained, and where this is

done the setting is termed the regenerator type. In these

settings the waste gases are conducted through passages
on their way to the exit or main flue. These passages run

along the side of the secondary air flue, so that the second-

ary air absorbs a certain amount of the heat from the

waste gases, and instead of entering the combustion

chamber cold, it has now attained somewhere about the

temperature the waste gases are leaving. The secondary
air travels in a directly opposite direction to the exit

gases, as shown in the illustration.

The saving in fuel consumption with this latter type of

setting is considerable.

Another advantage of gaseous fired settings is that the

length of flame in the combustion chamber can be con-

trolled, and a large number of retorts grouped in the oven

and evenly heated. After this brief glance at the various

types of settings comes what was originally intended to
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show, viz., the testing and regulation of these settings from

a chemist's point of view. The direct fired setting has been

previously dealt with and needs no further discussion. It

is not proposed to go fully into the benefits, &c., of various

furnaces, but it will be as well to point out here that the

FIG. 10. SECTIONAL ELEVATION OF RETORT SETTING.

highest temperature attainable, theoretically, is about 5,300

degrees Fahr., from which one has to deduct about 1,200

degrees Fahr. (being approximately the temperature of

gases in the exit flue), leaving 4,100 degrees Fahr. used by
the setting, showing a loss of about 26 per cent.
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In the generator type of setting we have a good depth
of fuel, of between 3 ft. 6 in. to 5 ft. The furnace door

is made air-tight, as far as is practically possible, and is

only opened for clinkering and pricking up purposes. The

FIG. ii. SECTIONAL ELEVATION OF RETORT SETTING, SHOWING FLUES AND PASSAGES

furnace is fed through the sleeve in the top of the producer
with hot coke direct from the retorts.

On either side of the generator walls are placed the

secondary air flues. The function of these flues is to

abstract as much heat as possible from the waste gases.

The waste gas flues are under the bottom retorts of the
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FIG. 12. SHOWING DIVIDING WALLS FOR WASTE GAS FLUE.
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setting, and are as near as possible to the secondary air

flues. These flues go down the side of the setting and they
exit at the bottom into the main flue.

Every unit of heat abstracted from the waste gases and

returned to the combustion chamber by increased heat in

the secondary air is so much gain. To keep down the

temperature in the producer steam is usually supplied by
means of a continuous stream of water, which drops or runs

on to the fire-bars, which are usually V or LJ shaped.
The action of the steam formed is to prevent the forma-

tion of clinker at the fire-bars by cooling the bars and fuel

immediately above them, raising the zone of highest tem-

perature some little distance above the bars, and rendering
the clinker friable and easily removed without damage to

fire-bars, and less labour.

In the regenerator type of setting we have a greater

depth of incandescent fuel, and consequently a more perfect

reaction in the producer. By their slow travel alongside of

the secondary air flues the waste gases become reduced in

temperature, and should leave the setting at about 500

degrees Fahr.

The dividing walls should be as thin as possible, whilst

at the same time possessing reliable joints. A good example
is shown in the illustration. To prevent short circuiting as

much as possible, the flues and passages should be periodi-

cally examined and washed out, where practicable, with a

good fire-proof cement.

Should by-passing take place it will probably result in

insufficient secondary air reaching the combustion chamber,
and the burning of the producer gas in the waste gas flues,

instead of in the combustion chamber, causing a hot main
flue and bad heats in the settings.

Excessive heat in the main flue, i.e., where it is not

wanted, means, of course, a waste of fuel.

Every effort should be made, whilst keeping sufficiently

high heats on the setting, to prevent the heating flame

from reaching the main flue. This nicety of adjustment is
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arrived at principally by the frequent analysis of the gases
at various points of the setting, carried out as hereafter

described.

Faulty heats can rarely be improved by increasing the

damper ; they should rather be remedied by proper adjust-

ment of the primary and secondary air, and attention to

the clinkering and pricking up of the fire.

Analysis of Furnace Gases and Waste Gas from a

Regenerator Setting. The sampling of a gas is no easy

task, and one must take certain precautions to ascertain

that the sample is a true and representative one, and feel

confident that there is nothing amiss in the method

employed.
The furnace gases being of a fair temperature (verging

on 2,000 degrees Fahr.) iron tubes will not do. The most

suitable is undoubtedly a platinum one, but as this is

generally out of the question, the next best is a porcelain

tube. A porcelain tube of about 4 ft. long, with a diameter

of about I in. This is then wrapped round with asbestos, or

better still is placed inside a brass or iron tube and packed
with asbestos. It is necessary to have a fire-brick with a

hole in it to take the tube. The joint is made tight by fire-

clay or "
pug."

In taking a sample of gas from the producer, it is

necessary to have a special iron door which fits on to the
" sleeve

"
or charging aperture in the producer. The tube

is put through this, and the whole made tight. The tube

should then be in the top of the " horse-shoe
"
above the

coke. ,

The aspirator (preferably) of glass, which has a capacity

of a gallon, is now connected on to the tube, and the water

in the aspirator run out
;
the gas from the producer is then

drawn into the space which is left free by the water, and

after about three-quarters of the aspirator has run out, the

aspirator is shut off", and the sample is tested. A similar

proceeding is gone through with another aspirator and tube
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on the exit gases at the same tinte
y
so that one has com-

parison in the results.

The condition of furnace is noted, such as when last

cleaned, filled, pricked up, &c.

These samples are now tested, and undoubtedly one of

the easiest apparatus for this is the "Orsat Muencke," or one

of its many varieties. This apparatus gives very good
results in non-technical hands, and any workman of average

intelligence can be worked in to its use.

The apparatus (Fig. 13) is enclosed in a wooden case,

with sliding shutters at each

side, and is handy for trans-

portation from place to place.

Its greatest advantage is

that the measuring tube is

jacketed with water which pre-
vents changes of temperature

affecting the gas volume.

The apparatus consists of a

levelling bottle, the burette and

four absorbing pipettes or

bulbs, and the fourway con-

necting tubes.

The pipettes are filled about

half-way with the required re-

agent, the first one filled with

potassium hydrate (KOH), the

second one with an alkaline (potash) solution of pyro-

gallic acid, and the third one with cuprous chloride
;
the

fourth is not used for these analyses. To adjust the level

of the reagents in the pipettes, which should be about

midway between the top of the pipette and the rubber

connection :

This is attained by opening wide the cock upon the

connector, the levelling bottle being on the table, and very

gradually lowering the bottle until the reagent is brought
to the required level

;
this operation is carried out for each

FIG. 13.
" ORSAT MUENCKE"
APPARATUS.
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pipette. The reagents being thus adjusted, the burette and

connecting tube are completely filled with water by opening
the cock and raising the levelling bottle. The apparatus is

now ready to receive a sample of gas.

The aspirator is connected on to the inlet of the four-

way piece (all the cocks on the pipettes being shut). The

levelling bottle is now lower, and a sample of the gas is

drawn into burette.

This is manipulated until the reading is exactly 100 c.c.;

this is easily arrived at by lowering or raising the levelling

bottle. The level of the water in this bottle must be at the

same level as the water in the burette
;
shut inlet cock, and

take the reading on burettes. The levelling bottle must be

kept level with zero mark during reading, for if the bottle

is raised the gas is compressed, and if the bottle is lowered

it is expanded.
Determination of Carbon Dioxide (CO9 ).

The producer

gas to be analysed is first passed into the first pipette, which

contains potassium hydrate and will absorb the carbon di-

oxide, by opening the cock connecting this pipette with the

main fourway piece and raising the levelling bottle, which

drives the gas from the burette into this pipette, displacing

the reagent in the front part of the pipettes, leaving bare

the capillary tubes, which, being covered with the reagent,

present a large surface to the gas. The reagent moves

into the rear arm of the pipette. The levelling bottle is

raised and lowered two or three times, forcing the gas in

and out of the pipette, and the reagent brought to its

original place on the stem of the pipette, cock shut, and

burettes read. The difference between this and the first

reading gives the percentage of CO2
. To be absolutely

certain that the CO
2

is all absorbed the operation is

repeated. The reading must agree to o.io per cent., or

else the operation must be repeated until such is the case.

To ensure a fair amount of accuracy the burette ought to

be allowed two minutes to drain, or otherwise the readings

will be too low.
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Determination of Oxygen (O 2).
The residual gas after

absorbing the CO
2

is next passed into the second pipette,

containing an alkaline solution of pyrogallic acid made by
dissolving pyrogallic acid in potassium hydrate.

Proceed as before. The difference in reading gives the

percentage of O
2

.

Determination of Carbon Monoxide (CO). The residual

gas after absorbing the O
2

is passed into the third burette

containing cuprous chloride.

Proceed as before. The difference in reading gives the

percentage of CO.
Now fill up burette with water, blowing the remainder

of the gas away, and take a sample of the exit gases and

analyse that in the same way.
The analyses one would expect from a good regene-

rative setting are :

Producer Gas.

C0
2

-

O9

CO -

i to 2 per cent.

nil.

26.00.

Waste Gas.

CO
2

-
25 to 27 per cent.

O9
- -

0.40.

CO - nil.

Interpretation of Results. It is waste of time analys-

ing furnace and waste gases if the results are not properly
understood. The theory of gaseous firing is to convert

the carbon in the coke into carbon monoxide (CO), and

afterwards, and in the right place, to burn this to carbon

dioxide by proper admission of oxygen in the form

of air.

The analysis of an ordinary sample of coke is as

follows :

Carbon

Hydrogen
Nitrogen
Water

Sulphur
Ash -

88.3
0.2

I.I

3-5

0.4

6-5

IOO.O
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The oxygen exists united with the hydrogen in the

form of water.

The accepted calorific value of the various constituents

are :

Carbon 1^500 B.T. Units per Ib. to carbon dioxide.

Carbon 4>33 > 53 monoxide.
Carbon monoxide 4,370 ,, ,, dioxide.

Hydrogen - 52,000 ,, ,, steam.

Sulphur 3>996 sulphur dioxide.

It will be seen from the above that the richer the coke

is in carbon better efficiency can be obtained in the setting
or furnace.

When the furnace is charged with coke, the primary air

issuing under the bars first of all combines with the

carbon, and forms carbon dioxide: C + O2
= CO2

.

On further progress through the bed of incandescent

coke, it takes up more carbon and forms carbon mon-
oxide : CO

2+ C = 2CO.

So it is easily seen that the less CO9 that one has in

the producer gas the more carbon monoxide is available

for combustion, and it is obvious the aim should be to keep
the CO

2
as low as possible in the producer.

If this is high it shows one of two evils
;
either there is

too much primary air (and consequent direct combustion

will be noticeable by excessive heat in the producer), or

this effect may be produced by insufficient depth of fuel for

the chemical reaction to take place.

In the analysis of the waste gases, which must show

that no carbon monoxide is going into the main flue, the

heat is wanted in the combustion chamber and retorts, and

it is necessary that sufficient secondary air be admitted to

burn all the carbon monoxide to carbon dioxide in the

proper place, and the analysis should show a slight excess

of between 0.4 to 0.6 per cent, of oxygen in the waste

gases. There will still be sufficient heat in the waste gases

to give the desired draught.
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It is never advisable to control a setting by the use of

the damper, but rather by the proper adjustment of the

primary and secondary air inlets.

The damper should be set so that there is a slight

pressure in producer, which can be observed through the

sight plugs or the charging aperture or "
sleeve." Sufficient

has been said to show the importance of furnace gases

analyses and the interpretation to be put on them.

It is often necessary to ascertain the heat in the setting
and waste gas flues, as it is generally desired to work to as

high a heat as the material will sustain.

Section Before Firing.

Section After Firing.

FIG. 14. WATKINS' PATENT HEAT RECORDER.

There are numerous apparatus on the market for this

purpose. One of the simplest is Watkins' patent heat

recorder, and another of similar type is the Seger cone

pyrometer. These are both on the same principle, viz.,

the use of various substances, the fusing points of which

are known, and a series of these are grouped and marked

so that it is easy to ascertain the temperature by noting
which one fuses.

The heat recorder patented by Mr Henry Watkins of

Burslem (Patent No. 6,288, 1900) consists of rectangular
D
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blocks, each having five cylindrical recesses. Each recess

has a number which denotes (in the table appended thereto)

the temperature at which the test piece in the recess

will fuse.

The cases are numbered consecutively, each case form-

ing a series with a considerable range of temperature.
The test pieces or pellets are loose in case before

fusion, and are wrapped in paper to prevent them falling

out during transit, and the paper should not be removed
;

this will burn off.

These test pieces are composed of silicates, and are of

definite chemical composition, and are tested before being
sent out.

The duration of test in all cases is five minutes. The
method of making a test is by using a bar of iron flattened

at one end, on which the recorder is placed, and which is

then placed in the flue or place which is desired to be

tested.

In making a test, for example, suppose No. 1 1 pellet has

fused, and No. 13 remains intact, the temperature on

referring to the table will be between the two, viz., 1,634

degrees Fahr., or between that and the next (No. 13) =

1,742 degrees Fahr. To ascertain which series of the

recorder should be used, the ranges of each are given, and

it may be necessary to try the series below or above, as the

colour is only approximate :

A series Faint red to bright.
B ,, Bright red to low orange.
C ,, Low orange to bright orange.
I) Bright orange to white.

E - -
Dazzling white.



SEGER'S CONES.

Series and
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The following Table shows which cones are most

adapted for use with various classes of goods :

Porcelain colours and lustres, Nos. 022 to oio.

Goods manufactured from clays and containing a consider-

able amount of lime and iron oxide (e.g., stove tiles),

Nos. 015 to or.

Goods manufactured from clays poor in lime and iron, e.g.,

floor tiles, Nos. i to 10.

Stoneware with salt or loam glaze, Nos. 5 to 10.

White stoneware, &c. (hard burnt), Nos. 3 to 10.

White stoneware, &c. (mild burnt), Nos. oio to 01.

Cement and porcelain, Nos. 10 to 20.

Refractory glazes, Nos. 20 to 25.

For determining the fire-resisting power of refractory earths,
Nos. 26 to 36.

TABLE SHOWING MELTING POINTS OF SEGER CONES.

No. of
Cones.
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desiring to regulate the burning of any setting or furnace,

&c., it is necessary for the first few times to place a few

cones in the setting, or wherever it is, and surround them

with bricks (Fig. 15) or a muffle, or any arrangement that

will keep them from being in direct contact with the

flame, and then observe how

they behave. If, for example,

they exhibit the following ap-

pearance (Fig. 1 6), the conclu-

sion might be drawn that the

temperature agreed with the

melting point of cone No. 7,

because cone No. 6 is com-

pletely melted, whilst cone No.

7 has bent over so that its apex tends to approach the

base, and cones Nos. 8 and 9 have remained erect and
with their edges sharply defined.

Suppose it were found that on examining the goods that

the fire was stronger than usual or heat too great, then

FIG. 15. SEGER'S CONES IN USE.

FIG. 16. SEGER'S CONES AFTER FIRING.

after reducing the heat by various means another set of

cones could be put in, for example, cones Nos. 4, 5, 6,

and 7, and note what happened here. Supposing No.

6 was the one whose apex tends to touch the base,

that would then be the temperature, viz., 1,250 degrees
Cent, or 2,282 degrees Fahr. The other cone No. 7
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could be left in and occasionally observed to see if heat

increased.

The cones must always be placed in such a position

that they are exposed to the full heat, and they do not

encounter any live flame. The cones can be easily placed
in the flues where they are protected from direct flame, and

the heat of the secondary air easily ascertained, also exit

gases, &c.

These cones can also be used to ascertain the heat in

the producer, and can be lowered down into the producer

through the feeding sleeve, the cones themselves being

FIG. 17. RECEPTACLES FOR SEGER'S CONES.

contained in a fire-clay receptacle which should preferably

be covered, as, if the cones are touched in the heated state

by dross or ashes, their melting point will be affected.

The receptacles most commonly used are such as are

shown in Fig. 17.

There are many electrical pyrometers, amongst the best

being Fery's radiation pyrometer, and Siemens' electrical

pyrometer.

The Siemens electrical pyrometer is a platinum
resistance thermometer, of which the essential element is

a coil of platinum wire wound upon a cylinder of refrac-
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tory material, and protected by a long closed tube. For

measuring the resistance of the coil in order to ascertain

its temperature, two types of apparatus are made.

FIG. 18. SIEMENS' ELECTRICAL PYROMETER IN USE.

The first comprises a differential galvanometer and a

set of resistance coils, and gives readings in ohms, from
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which the temperatures are ascertained by means of a

special table supplied with the apparatus (Fig. 19).

The second is a combination of a small D'Arsonval
/"."\

'Gjnmmrrl

FIG. 19. DIFFERENTIAL GALVANOMETER.
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galvanometer and a Wheatstone bridge of circular form

with sliding contact, and gives readings directly in Fahren-

heit or Centigrade degrees as desired (Fig. 20).

Diagram

Bridge connection

FIG. 20. D'ARSONVAL GALVANOMETER.
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The pyrometer is most accurate
;

its reading can be

depended upon to within a fraction of I percent. It is also

very simple in its action and management and its working,
and may be safely entrusted to the care of an intelligent

workman.
The method of connecting up the pyrometer with the

differential galvanometer is shown in figure. Starting at

the negative pole of the battery, a lead runs to the terminal

z of the pyrometer tube, from which a wire extends to one

end of the platinum resistance wire. At this point the

circuit divides into two branches. One branch contains a

wire running straight back to the pyrometer terminal x',

whence a lead B extends to the measuring apparatus, and

is connected, through a resistance box and one coil of the

differential galvanometer, with the positive pole of the

battery.

The other branch includes the platinum resistance

wire, a wire running to the pyrometer terminal x
ls
and a

lead A extending to the measuring apparatus, where it is

connected through the second coil of the differential gal-

vanometer with the positive pole of the cell. When the

resistances of the two branches are equal, equal currents

will flow through the coils of the galvanometer when the

key K is depressed, and no reflection will be produced.
The leads A and B from the pyrometer tube to the

measuring apparatus are made of the same material and

lie close to each other, so that their resistances are always

equal, whatever may be their common temperature. The
two wires within the pyrometer tube are also similar

in all respects, so that their resistances always remain

equal.

Thus it appears that the only independently variable

resistances in the two branches of the circuit are the

platinum spiral in one branch, and the resistance box in

the other
;

the resistance unplugged in the box is thus

equal to that of the platinum spiral when no deflection

occurs in the galvanometer on depressing the key K. The
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direct reading instrument comprises a Wheatstone's bridge
and the necessary leads to the pyrometer tube.

Starting from the positive pole of the battery, a lead

extends to the terminals z of the pyrometer tube, whence
a wire is connected to one end of the platinum resistance

spiral. This junction forms one angle of the Wheatstone's

bridge lozenge (see small diagram).
From it extends a wire running straight back to the

pyrometer terminal x
lf
whence a lead extends to an arm

which makes contact with a helical coil of wire arranged
round the edge of a circular dial, thus forming one arm of

the Wheatstone's bridge.

The conjugate arm of the bridge contains the platinum
resistance wire, a wire running to the pyrometer terminal

X, and a lead which extends back to the apparatus.
The two remaining arms of the bridge are made up of

equal and constant resistances, the galvanometer being
connected up as shown.

When no deflection is produced in the galvanometer on

depressing the key, the two variable arms of the bridge
must have equal resistances, since the resistances of the

remaining arms are always equal ;
and since the two

variable arms comprise equal leads, it follows that the re-

sistance of that part of the helical coil thrown into circuit

by the contact arm must be equal to the resistance of the

platinum spiral in the pyrometer tube.

The Fdry Radiation Pyrometer. -This instrument

was invented by Professor Fery of the Ecole de Physique
et de Chimie, Paris. It is capable of taking very high

temperatures, and consists of two adjustable lenses and a

thermo-couple made of constantan (an alloy of 60 per cent,

of copper and 40 per cent, of nickel) and copper wires.

In temperatures where the resistance thermometers

cannot be supplied, with this pyrometer the height of the

temperature does not matter, as no part is raised more than

80 degrees Cent, above the air temperature, and the pyro-
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meter is not exposed to the action of the flue gases, and it

is therefore a very valuable instrument in measuring high

temperatures in the retort house.

The radiation emerging through a sight hole in the

furnace is focussed upon the very sensitive thermo-couple,
which is supported and protected from extraneous rays by
screens. When the adjustment is correct, the image of the

Pyrometer for Laboratory Use.

FIG. 21. THE F/IRV RADIATION PYROMETER.

observation hole should completely cover the junction.
The thermo-couple is connected to a Meylan-D'Arsonval
galvanometer, divided into millivolts and degrees Centigrade
for direct reading.

The horseshoe magnet has a single air space, and the

movable coil of the galvanometer is balanced by the needle

pointer, which records the direct readings of the tem-

perature.
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The Wanner Pyrometer. This instrument serves for

measuring temperatures from 900 degrees Cent, and up-
wards. This is on similar lines to the Fery, as the tempera-
ture of a glowing body is ascertained by the intensity of light

it emits. This is according to Wien's or Planck's law.

It is owing to the great increase in the intensity of

light that even slight changes in temperature tenths of a

degree give rise to perceptible and measurable differences

of radiation, so that a change in the intensity of light is a

delicate test respecting change in temperature.

Taking I to be the observed intensity of the rays, T the

absolute temperature, A the wave length of the part of the

spectrum used, q and c.
2
two constants, e the basis of the

nat. logarithms, the following is the equation which connects

the value :

T C-i C.,

J-
=
Y~

> e AT (Wien's formula),

with an essential limitation to be referred to later on. As there

is no measure by means of which intensities of light can be

determined so as to be scientifically correct, one can but com-

pare the intensity of one source of light with that of another.

Assuming I to be this comparison measure, and T the

corresponding absolute temperature, it follows, of course :

1
o

If one knows in this equation the value of I and T
,

viz., the standard measures, and, moreover, that of I and
c.^

there is left only T as an unknown quantity which can be

ascertained by calculation.

The aforesaid limitation is as follows : In point of fact,

the above-mentioned law applies only to so-called absolutely
dark bodies. By making a small aperture into the wall,

the radiation is not affected to a measurable degree ;
it

remains, therefore, absolutely dark.
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The light observed enters the apparatus through a slit,

through lenses and a right angle prism ;
there results a

spectrum from which, by means of a screen, light of a definite

wave length is cut off, and the intensity of the light is

measured by polarisation.

The part of the apparatus facing the radiation to be

measured is fitted with a small 6-volt electric lamp, whose

light likewise passes through the apparatus and is used by

way of a standard with regard to the intensity to be

measured. Looking through the apparatus, one perceives

the circular field of view divided into two semicircles, one

of which is illuminated by the small electric lamp ;
the other

is red by the light emitted by the substance to be examined.

By adjusting a movable eyepiece in which there is a Nicol's

prism, the two semicircles of the field in view can easily be

adjusted to equal intensity. By the aid of the graduated
circle one reads off the rotation, and by referring to a table

one ascertains the temperature, which is calculated on the

basis of the aforesaid law.

There are one or two very good automatic CO 2
recorders

on the market, and amongst the best known are : (i) The
"
Sarco," made by Sanders, Rehders, & Co. Ltd., Fenchurch

Street, London, E.G.
; (2) The Simmance & Abady CO 2

and Draught Recorder, by Messrs Alex. Wright & Co., West-

minster. Either apparatus automatically records continu-

ously on a chart, which is changed every twenty-four hours,

the percentage of CO., in either the boiler flues or waste gas
flues. Both of these instruments are most suitable for con-

tinuous CO 2
records in the manufacture of water gas, and

where such instruments are continually in use they must be

of benefit, and help the efficient working of the plant. The
former apparatus is described on pp. 63-66, while the latter

instrument is illustrated on p. 67, and referred to on p. 68.

Fig. 22 shows the general view of the " Sarco
" CO2

recorder.

Fig. 23 shows the same instrument, but a sectional

elevation view.
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A f-in. pipe, which taps the side flue or last combustion

chamber of the boiler or furnace, is connected to the instru-

ment at 3 (Fig. 23), and in order that the gas samples may

FIG. 22. THE SARCO AUTOMATIC CO 2 RECORDER GENERAL VIEW.

be secured rapidly and continuously the circuit is com-

pleted by another pipe of the same diameter. This is
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FIG. 23. SECTIONAL VIEW OF THE SARCO AUTOMATIC CO;, RECORDER.
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connected at 7, and carried to the base of the chimney, or,

where this is impracticable, to a convenient point in the

main flue, well beyond the boiler damper. Thus a continu-

ous and rapid passage of the gas is secured, which, in

average cases, renders it possible to read on the chart the

effect of an alteration in the firing within two minutes of its

occurrence.

The instrument is so sensitive that the slightest change
is clearly depicted, and its operations are so rapid that

as many as thirty-five to forty separate analyses can be

recorded per hour.

The power required to procure and deal with the gas

samples is derived from a fine stream of water at a head of

about 2 feet. Any ordinary clean water may be used,

only 2-5 gallons are required per hour (according to the

speed at which the machine is operated), and the water may
be used again after passing through the recorder.

It enters the instrument at 8 through the small glass

injector 9. Of the latter several are provided, having

apertures of various sizes, and by their use the speed of the

machine may be adjusted at will. The water now flows

through 74 into the power vessel 82
;
here it compresses

the air above the water level, and this pressure is trans-

mitted to vessel 87 through tube 78. The pressure thus

brought to bear on the surface of the liquid (two parts of

water to one of glycerine) with which 87 is filled to mark

95, sends the liquid upwards through tubes 91 and 93.

Thence it passes up into vessels 77, 66, 67, and 68, and

into tubes 51, 52, 48, and 49. Here it rises until it reaches

the zero mark, which will be found on the narrow neck of

vessel 67.

At the moment it reaches this mark, the power water,

which, simultaneously with rising in vessel 74, has also

travelled upwards in syphon 72, will have reached the top
of this syphon, which then commences to flow.

Through this syphon 72 a much larger quantity of

water is disposed of than flows in through injector 9, so

E
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that the power vessels 74 and 82 are rapidly emptied

again.

The moment the pressure on vessel 87 is released, the

liquids return from their respective tubes into this vessel.

Presuming tube 49 to be in connection with a supply
of flue gas, a sample of this is drawn in from the continu-

ous stream which passes through 43, 45, and 46, as the

liquid recedes in 49, by the vacuum which is created by the

falling of the liquid.

As soon as the liquid has dropped below point 76,

which is the inlet of the flue gas into vessel 68, the gas
rushes up into this vessel, and a portion out into the

atmosphere through outlet 70, tube 48, and seal 80.

As soon as the flow in the syphon is interrupted, vessel

82 begins to fill again, and the liquids in tubes 91 and 93
rise afresh. The gas in 77 and 68 is now forced up into

tube 50, and caused to bubble right through a solution of

caustic potash (sp. gr. 1.27) with which vessel 94 is filled

to mark 64.

In this process any carbon dioxide (CO2)
that may be

contained in the gas is eagerly absorbed by the potash.

As the gas has to pass through the potash, the absorption
is rapid and complete.

The remaining portion of the sample collects in 62 and

passes up through 60 into tubes 57 and 58. (It cannot

pass out at 59 as this outlet is sealed by the liquid in 52.)

The gas now passes under the two floats 18 and 26,

whereof the former is constructed larger and lighter, and

will therefore be raised first.

By an adjustment of the thumbscrews 14 and 15 the

stroke of this float is adjusted until just 20 per cent, of the

whole of the sample (
ioo c.cm.) remains to raise float 26,

when nothing is absorbed by 94. This float has attached

to it pen 36, which is caused to travel downwards on the

chart, when 26 rises. If no CO
2
was contained in the gas

nothing would be absorbed by the potash in 94, and the

whole of the 20 per cent, would reach float 26. Thus



S1MMANCE & ABADYS
CCLMBUSTION RECORDER

PATENT, 2

FIG. 24. THE SIMMANCE & ABADY AUTOMATIC CO 2 AND DRAUGHT RECORDER.
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the pen would be caused to travel the whole length of the

chart from the 20 per cent, line at the top to the zero

line at the bottom. Any CO
2 gas contained in the sample

would be absorbed by the potash, a correspondingly less

quantity would reach float 26, and pen 36 would not travel

right down to the bottom of the chart, i.e., the zero line.

Thus any CO 2
absorbed will be indicated by the tops of

the lines on the chart.

On the return stroke of the liquid the gas is drawn out

from under the floats 18 and 26 through 57 and 58, and

into tubes 59 and 52. From here it passes out into the

atmosphere at 66, and through tube 51, as soon as the

liquid has fallen below the outlet of tube 52.

It will be seen that the gas, when analysed, leaves the

recorder by a set of tubes entirely separate from those

through which the samples are obtained, so that there is no

possibility of mixing the old with the new.

The Simmance-Abady Co9mbustion Recorder, in addi-

tion to performing the continuous CO
2 record, also marks

continuously on the chart either the amount of draught
in the boiler or main flue, or the difference between the

draught below the fire and in the boiler flue, and therefore

furnishes the fireman with an additional guide as to the

thickness or condition of the fuel bed. It is different in

construction to the " Sarco
"
apparatus, being entirely with-

out glass parts or rubber tubes, while the motive power is

a slight dribble of water. The whole apparatus is contained

in a small iron case. It is an English-made apparatus, and

is very sjmple in its construction, while an important point

in its favour is that it is unaffected by changes in tempera-
ture. It draws the gases whether they are under forced,

induced, or natural draught, and its record of CO
2

is a

continuous line.



CHAPTER IV.

PRODUCTS OF CARBONISATION.

OF the products of carbonisation or "
destructive distilla-

tion
"
the chief one from a gas engineer's point of view is,

of course, gas.

The yield of gas will greatly vary according to the

temperature of the retort, the class of coal, the quantity

carbonised, the period of distillation, and numerous other

factors, known and unknown. The yield of gas per ton of

coal carbonised, if the temperature is comparatively low,

would be about 9,500 cub. ft., 1 1 gallons of tar, a low yield

of ammonia as well as other bye-products, as cyanogen,

naphthalene, &c. The average analysis of a gas of this

kind which had been purified for the elimination of NH
3 ,

CO
2 ,
SH

2 , &c., would be :

C(X 0.20 to 0.5 per cent.

CO 5.00 7.00
Methane -

37.00 ,, 39.00 ,,

Hydrogen -
51.00 53.00

Unsat. Hydrocarbons -
7.0 ,, 9.0

The tar would be richer in its various bye-products, such

as naphthalene, light oils, phenols, &c. The illuminating

power would be higher, also the specific gravity and the

calorific value.

As the temperature of carbonisation increases, the yield

of gas increases, the make of tar both in quantity and

quality drops off, and the illuminating power drops, but

more ammonia is formed.
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The hydrogen increases, likewise the marsh gas or

methane, but the olefine or unsaturated hydrocarbons will

be found to have decreased, and the naphthalene will be

found to have increased.

When we get the higher heats of the up-to-date and

present day carbonising, with a yield of gas of over 1 1,000

cub. ft. per ton, the gas will necessarily be of a much

poorer quality, the illuminating power will have decidedly
decreased to the extent of a candle or two. The make of

tar will show a corresponding decrease, and that trouble-

some product naphthalene will cause more trouble than ever.

It is generally known that although the specific gravity of

the tar increases, the higher the make, the quantity of tar

is less. The cause of this increase in gravity is due solely

to the increase in pitch.

The ammonia, naphtha, and light oils decrease in

quantity ;
the creosote, anthracene, &c., in the same

direction, although in a less marked degree.
Mr Lewis T. Wright, F.C.S., has carried out some

valuable experiments in this direction, and he found the

effect of heat on the yield of quantity of tar is affected to

a much greater extent than the gas by high heats. He
found that not only was the amount of gas given off

greatly augmented, but it lowered the weight of tar, though
it doubled the amount of free carbon in it by specific

gravity being increased.

Experimenting with a caking coal, Mr Wright found

that as the make of gas increased so correspondingly did

the specific gravity of tar, although the quantity showed a

decrease.

The following Table shows the increases :

Yield of Gas Specific Gravity
per ton. of Tar.

6,600 cub

7,200

8,900
I0,l62

11,700

ft. ,086 degrees.

,120

.140

,154

,206
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He also showed that although the percentage of free

carbon is augmented, the lighter constituents in the tar are

decomposed into gas.

One of the most interesting points which Mr Wright
noted was the very large increase in the yield of cyanogen.
At low temperature this product is yielded in very small

quantities, and at a higher temperature it is found to

increase by about ten times its quantity.
At this temperature the ammonia is found to have

decreased, and no doubt at higher temperatures the

ammonia is decomposed, and the nitrogen set at liberty

combines with the free carbon forming cyanogen, whilst

the excess hydrogen remains in the gas as usual.

The accompanying Table shows the decrease and in-

crease in some of the various products on carbonising coal

at various heats :

TABLE SHOWING EFFECT OF HEAT ON GAS AND BYE-PRODUCTS.

Products.
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phenanthrene, pyrene, chrysene, diphenyl, &c., which are

quite valueless, so that its value will on the whole be less.

There is also a reduced quantity of tar, if the tempera-
ture in the retorts is raised higher. The separation of free

carbon in the retorts and the tar is also largely increased.

In England the usual temperature of working seems to be

about 1,100 degrees Cent. (
= 2,000 degrees Fahr.).

But, properly speaking, it should be experimentally
ascertained (and that for every class of gas-coal specially)

at what temperature the maximum of lighting power is

obtained, even if concentrated in a smaller volume of gas,

and also at what temperature we can get a maximum yield
of benzene, toluene, phenols, and anthracene in the tar.

Probably the two maxima will not coincide, and it will then

be a matter of business calculation whether the one or the

other is to be worked for. It is evident that the market

prices of the bye-product must influence this consideration.

Certain statements have been made as to the shape of

the retorts affecting the tar
;

these have evidently been

wrongly interpreted, the difference in the tar being un-

doubtedly due to the length of time the gas hangs about

in the retort, which causes decomposition of the tar and

gas.

The quality of the tar now made from various kinds of

cannel coal is very different from that obtained formerly.

Twenty years ago, when low heats were used at the gas-

works, as much as 8 per cent, of naphtha (i.e., benzene and

its homologues) was obtained by distillation with steam.

This diminished slowly as the heat employed at the gas-
works increased, until it had fallen a few years ago to about

3 per cent.

The naphtha from Scotch tar was always rich in toluene,

and contained less benzene than from ordinary bituminous

coal. It contains little naphthalene, and very little anthra-

cene, so little that its extraction is not worth while. It also

contains considerable quantities of paraffin,, but mostly of a

low melting point. Naphthalene and paraffin seem to go
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together ;
wherever there is much of the one, the other is

always present too, with few exceptions. Coal-tar is a

black, more or less viscid fluid of peculiar smell, generally
of phenols, sp. gr. from i.i to 1.2, according to the method

of manufacture.

Coal-tar is an extremely complex mixture of chemical

compounds, some of which have not yet been completely
isolated. The tar contains nitrogenous compounds chiefly

of a basic nature, owing to the nitrogen which originally

exists in the coal and sulphur compounds derived from

pyrites, &c., which are always found in the coal.

James M'Leod, in the Journal Soc. Chem. Ind., vol. xxvi.,

p. 137, says that on submitting coal to destructive distilla-

tion, the nitrogen present in it is partly retained by the

coke, and partly eliminated as free nitrogen, which at the

moment of liberation probably combines with hydrogen
and with carbon to form ammonia and cyanogen respec-

tively, and partly remains as free nitrogen. It also remains

combined with carbon and nitrogen to form bases, such as

pyridine.

The summary of his results is :

Per Cent, of

Total Nitrogen.

Nitrogen in the coke 58.30

i, tar -
3.90

,, ammoniacal liquor 17.10

cyanogen
- 1.20

,,
in gas (by difference) I 9-5

100.00

He also gives the average nitrogen in coal, 1.434 per

cent, in coke from coal, 1.374 per cent., which gives the total

nitrogen in the coke 58.3 per cent.

Lunge gives the following list of compounds hitherto

found in coal-tar, or reasonably presumed to exist in it :
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thus easy to work upon very much larger quantities. But
in scientific laboratories where, for more reasons than one,

it is out of the question to distil a hundredweight of tar, or

some such quantity, it will be always preferred to accurately
observe the progress of the operation, and this it is only

possible to do in glass retorts.

My retorts were tubulated, holding about 5 litres, and

were heated in a kind of sand air bath that is, in a suit-

ably-shaped thin wrought-iron dish, the bottom of which

was covered by a layer of sand I cm. thick. About half

FIG. 25. APPARATUS FOR DISTILLING A SAMPLE OF TAR.

of the retort was within the dish, and the whole of it, down
to the sand, and including the upper part of the neck, was

wrapped round with wire gauze. The heating was done by
a Fletcher's gas stove, placed in a large flat pan partially

filled with sand. Hence, in case of an accident, the tar

would have first to run into the upper pan, forming the

sand air bath, and anything boiling over from this would

have been caught in the lower pan. The tubulure of the

retort was fitted with a twice perforated cork, holding a

thermometer and a tube, drawn out into a capillary at the

lower end, with the object of passing a minute current of

F
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air bubbles through the liquid, in order to prevent bumping.
This precaution, first introduced by Dittmar, and also em-

ployed by Watson Smith, was found to be very useful

indeed, but it seems possible that the air current might

carry away a minute quantity of benzene.

The retort was, during the first part of the operation,

connected' with a Liebig's condenser, so long as the distil-

late remained entirely liquid. When it began to partly

solidify that is, between 170 and 180 degrees the cooler

was removed
;
and since now the last portions of water

had been volatilised, and no more bumping was to be

apprehended, the current of air was discontinued. The last

of the water escaped between 140 and 170 degrees with

explosive violence.

The distillation of 2\ to 3 litres of tar took about eight
hours. It is decidedly advisable to carry the distillations

through without any interruption, both because the heating

up, after the contents of the retort have been semi-solid or

solid on cooling, is always an awkward operation ;
and

because during the cooling down and the heating up a

considerable quantity of substance passes over far below

their proper boiling points.

The distillates were collected in tared, narrow, graduated

cylinders, and after cooling down they were measured and

weighed.
The fractions were made in the way stated below. But

although, as a matter of course, every precaution was taken

to keep the temperature as constant as possible, still, with-

out any recognisable reason, the thermometer showed con-

siderable oscillations, and sometimes went down to 20

degrees without any diminution in the rate of distillation.

It cannot be said that such assays are exact analytical

operations. The fractions will differ to some extent, as the

distillation proceeds more or less slowly. Each time, when
substances are poured from one vessel to another, small

losses are unavoidable, although in the case of the higher

boiling substances the vessels were rinsed with ether, which
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was subsequently evaporated. In washing and drying, in

the case of the first distillates also by evaporation, small

losses will occur, which become all the more important
when the absolute quantity of substance is only slight.

If the tar has not been previously dehydrated, the work

must begin with that operation, which is of great import-
ance. It is not feasible to go as far as 100 degrees, because

then the tar would lose many valuable portions, especially

as the operation takes so much time. Hence, the dehydra-
tion was performed in the retort itself, turning its neck

upwards, and connecting it with a cooler, inclined down-

wards, in order to collect any benzene escaping along with

the water. The heating was continued in this manner to

60 to 70 degrees for a full fortnight ; every morning,
before recommencing, the water collected in the meantime

on the surface was removed by a pipette. For all that,

some water remained behind, evidently in chemical com-

bination with phenol, pyridine, &c., and this could only be

removed by distillation.

The fractions were made as follows :

1. Light oil, up to 170 degrees.

2. Middle oil, up to 230 degrees (carbolic oil).

3. Creosote oil, up to 270 degrees.

4. Anthracene oil, up to the close of the distillation,

which was continued as long as anything would come over
;

this explains why the pitch was extraordinarily hard.

The above fractions were treated in the following
manner : The light oil was first agitated with caustic soda

solution of sp. gr. i.i, and the contraction of volume was

calculated as
"
phenols." The oil was then washed with

water, with concentrated sulphuric acid, and again with

water, and the total contraction was calculated as "
loss by

washing." The residual oil was distilled, and the fractions

coming over up to 100 and 140 degrees were separately
collected. The distillate up to 140 degrees was considered

as "crude aniline benzol," and its degree of purification

examined by nitrification with ordinary mixture of acids.
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The portion remaining behind at 140 degrees was calculated

as
"
heavy naphtha

"
;

it must, of course, leave a good deal

of residue on rectification, and this residue will practically

go to the creosote oil
; but, on the other hand, some heavy

naphtha will come back from the " middle oil," and on the

small scale it was impossible to say how far this would

compensate for the residue left on rectifying. The small

quantity of liquid also made it impossible to separate the
" aniline benzol

"
into benzene, toluene, and xylenes. From

the middle oil and the creosote oil a quantity of naph-
thalene crystallised on cooling. This was filtered through

calico, strongly pressed, and calculated as " crude naphtha-
lene." The liquid portion of the oil (making allowance for

the mechanical loss in pressing) was treated with caustic

soda solution, and the contraction of volume again set down
as

"
phenols."
The anthracene oil, after cooling, was filtered through

calico, the crude anthracene was pressed cold, then spread
out upon porous earthenware slabs, heated in an air bath

to 30 to 40 degrees, pressed while warm, and weighed. It

was now analysed by the " Hochst "
test

;
but since in the

trade anthracene is usually sold as 30 or 40 per cent.,

three times the weight of pure anthracene was deducted

from the weight of crude anthracene oil, to get at the figure

for liquid anthracene oil.

The pitch was tested for its softening point by heating
a piece the size of a pea on a wire in an air bath beside a

thermometer, until, by pressing with the fingers, it proved
to be distinctly plastic.

The water bath did not suffice for this purpose. It was

further tested for
"
carbon," one of the most tedious parts

of the work. For this purpose it was extracted alternately

with boiling benzene and carbon disulphide, but it took

many days' toil. The solvents did not show any but a

faint colour, and left no more residue when evaporated on

a watch glass.

This operation must be carried out with the greatest
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caution, since otherwise fine particles of carbon will pass

through the filter
;

for this reason Soxhlet's extracting

apparatus, otherwise so convenient, could not be em-

ployed.
The specific gravity of tar cannot be estimated by

means of an ordinary specific-gravity

bottle, which is too difficult to fill ex-

actly and to clean in this case. Lunge
employed a "weighing bottle" of the

shape shown in Fig. 26, with a glass

stopper provided with a rill a, 2 mm.
wide. The operation is performed, as

when estimating the specific gravity of

solids, by filling the glass only parti-

ally with tar and then completely with

water. First the glass is weighed empty
(), and again after being filled with

water at 1 5 degrees Cent. (). It is then

dried, tar is poured in up to about two-

thirds of its height, and the glass with-

out its stopper is placed for about an

hour in hot water till all air bubbles

disappear. After cooling, the weight of

the glass plus the tar is determined (V).

Now water is poured in, the stopper is

inserted, the water issuing from the rill is removed, the

whole is allowed to stand in a vessel filled with water of

known temperature, and the weight is again taken (d).

The specific gravity (S) sought is :

S =

SPEC

VIT 1
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Origin of Tar.
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which is in sufficient agreement with experience. It is

not proposed here to enumerate all the tests and analyses
of the various compounds, &c., in tar

;
for further and

complete information, Lunge, "Coal-Tar and Ammonia,"
must be consulted together with recent literature on the

subject.

Hochst Test for Anthracene. i gram of anthracene

cake is dissolved in 45 c.c. of glacial acetic

acid in a half litre flask, to the mouth of

which an inverted condenser is attached.

The solution is boiled, and to this is added

from a tap funnel (fitted to the top of the

inverted condenser) a solution of 15 grams
of chromic acid in 10 c.c. of glacial acetic

acid, diluted with its own volume of water.

The contents of the flask must be kept in

gentle ebullition, and the chromic acid must

be added drop by drop, the operation taking
about two hours. The liquid in the flask

must then be kept boiling for two hours

longer, when the heat is removed, and the

flask and contents left at rest for twelve

hours. 400 c.c. of water are now added,
and after leaving for three hours, the con-

tents of the flask are filtered
;
the anthra-

quinone collected on the filter is washed
in turn with cold water, boiling dilute solu-

tion of caustic potash (about 2 per cent), and then with

hot water.

The anthraquinone is transferred by washing from the

filter to a porcelain dish, and then dried at 100 degrees Cent.

Ten times its weight of fuming sulphuric are now added,
the dish is heated on a hot-water bath for ten minutes, and

then placed in a moist atmosphere for twenty-four hours
;

200 c.c. of water are now added, filter, and wash mass on

filter as before. The contents of the filter are transferred

FIG. 27. HOCHST
TEST FOR AN-
THRACENE.
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to a dish which is dried at 100 degrees Cent, and weighed.
The dish is then heated to drive off the anthraquinone,

the dish is cooled, and again weighed ;
the difference be-

tween the two weighings gives the amount of anthraquinone
obtained from I gram of the anthracene cake. Multiplying
this by 85.58 gives the percentage of anthracene found in

the I gram of cake
;
this is easily calculated into the per-

centage of anthracene in the tar.

Benzene. The methods and procedure are too numer-

ous to mention, but the general distillation of benzene for

commercial purposes is carried out in an ordinary retort,

with Liebig condenser attached. The great cause of differ-

ent results is where to place the bulb of the thermometer

which is generally in the liquid. G. E. Davies finds in

90 per cent, and per cent, benzole :

90 per cent. fJ per cent.

Pure benzene 75 50
toluene 24 40

xylene i 10

Estimation of Sulphur in Benzole. A weighed quantity
of the benzole is burnt on the gas referee's apparatus. A
good method is : fill an ordinary spirit lamp with benzole

and weigh it, place it in the trumpet tube, in the position

usually occupied by the Bunsen burner, placing the usual

carbonate (sesqui) of ammonia round inside the tube, and

light the lamp, taking care that it is not too high and

that it does not smoke. After finish of test wash down
the apparatus, boil liquor with hydrochloric acid, and pre-

cipitate sulphur as BaSO4
. Weigh lamp to ascertain the

amount of benzole burnt. The weight of BaSO4 multiplied

by . 1 3734 gives the amount of sulphur in quantity of benzole

used.

Mr W. Irwin before the Chemical Industry in 1901 gave
the above method, but he mixed a certain portion of

alcohol or methylated spirit with it, first of all carrying



AMMONIUM SULPHATE. 89

out a blind test to ascertain the amount of sulphur in the

methylated spirit. The amount of sulphur in benzole

varies from about 0.40 per cent, to i.oo per cent. Un-

doubtedly in a very short time a market will be opened
for a rectified benzole for the use of internal combustion

motors, as the petrol used now for motor cars, &c., is not

such a very great
difference from ordi-

nary benzole.

Ammonium
Sulphate. It is

not intended to

treat of the manu-
facture of sulphate
of ammonia, but

only the analysis of

this material after

manufacture. Sul-

phate of ammonia is

generally tested for

(i) percentage of

water at 100 degrees

Cent., (2) the per-

centage of NH
3 .

The Fertilisers

and Feeding Stuffs

Act, 1906, Chapter

27, states :

"
Every

person who sells for

use as a fertiliser of

the soil any article which has been subjected to any
artificial process in the United Kingdom, or which has

been imported from abroad, shall give the purchaser an

invoice stating the name of the article, and what are the

respective percentages (if any) of nitrogen, soluble phos-

phates, insoluble phosphates, and potash contained in the

FIG. 28. APPARATUS FOR ESTIMATION OF SULPHUR
IN BENZOL.
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article, and the invoice shall have effect as a warranty by
the seller that the actual percentages do not differ from

those stated in the invoice beyond the prescribed limits of

error."

The Act further gives power to appoint analyst and

sampler, power to have fertiliser or feeding stuff analysed,

&c. &c.

I. Estimation ofMoisture. The amount of free moisture

is determined by drying a weighed quantity to 1 10 degrees

Cent, until weight is constant, in a flat dish. The loss in

weight represents the moisture in quantity taken.

FIG. 29. APPARATUS FOR ESTIMATION OF AMMONIA.

In sampling ammonium sulphate special care must be

taken. It must be taken quickly, intimately mixed, and

immediately placed in a well-stoppered bottle, so that no

loss of moisture takes place.

2. Estimation of Ammonia. A known weight of the

salt is taken (say about 10 grams), and dissolved in 500 c.c.

of distilled water
; 50 c.c. of this solution are distilled with

caustic potash or soda, and the vapour evolved passed into

15 c.c. of normal sulphuric acid.

Supposing that on titration 3 c.c. of acid are found to

have remained unsaturated, then 12 c.c. of acid have been
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neutralised. As 50 c.c. of the solution corresponds to I

gram of original liquid (as exactly 10 grams were taken),
it therefore contains 100x0.017x12 = 20.4 percent, of

ammonia. From this the nitrogen can easily be calculated.

If many of these tests are required I find that a good
method to do a number at a time is to adapt Kjeldahl's

apparatus for the determination of nitrogen, consisting of

six flasks, copper condensers, and flasks on outlet (as per

sketch). This apparatus can either be purchased with

horizontal or upright condensers, and takes up very little

room.



CHAPTER V.

ANALYSIS OF CRUDE COAL-GAS.

THE impurities in coal after leaving the condensers are as

follows :

Ammonia, about 300 grains per cubic foot.

Carbonic acid - 1,800 ,,

Sulphuretted hydrogen
- 1,050 ,,

Carbon disulphide
- 70 ,,

Other sulphur compounds - 10

Cyanogen as hydrocyanic acid 106

For the efficient working of a gasworks it is necessary

to know the amount of these various impurities, and often

at various parts of the plant. It is not proposed to deal

with any part of the plant, so only methods of analysing or

testing for these impurities will be given.

Taking them in the order mentioned :

Ammonia. A normal solution of sulphuric acid is

made up as described in Chapter I., and likewise a normal

solution of caustic soda. These are titrated against each

other. 200 c.c. of the normal sulphuric are taken and put
into a couple of Woulfe bottles after adding a few drops of

methyl orange, which gives a yellow colour to the liquid.

The gas is now bubbled through the acid and then through
a meter. It is generally advisable to have a third bottle

with a little distilled water in it which has also had a few

drops of methyl orange added (if the gas contains many
tarry particles, a bottle full of cotton wool must be placed
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first to remove this). When the colour in the second bottle

shows a slight tinge of redness the test must be stopped.
The bottles are now taken off, well washed out with dis-

tilled water, and titrated back with the normal soda solu-

tion. Now i c.c. of the normal acid = 0.017 gram of

ammonia.

Therefore, the number of c.c. of acid used multiplied by
0.017 gives the amount of ammonia in grams in the quan-

tity of gas passed. This is easily calculated to grains per
100 cubic feet.

Example :

Gas passed = 10 cubic feet.

Acid taken = 200 c.c.

Acid used =150 c.c.

Then 150 x .017 - 2.55 x 10 x 15.4
= 392.70 grains of NH

3 per
100 cubic feet.

Carbonic Acid and Sulphuretted Hydrogen. This

impurity and sulphuretted hydrogen are sometimes esti-

mated together, but as the method consists of a series of

U tubes containing calcium chloride, soda lime, and cupric

phosphate, and it is at times very troublesome to get the

gas in any appreciable quantity through these materials, I

prefer to have two meters, and to take the gas from the

same stream, separating by means of a T, and conducting
one lot of gas through soda lime alone and the other

through an acidulated solution of cadmium chloride. Both

methods will be described :

Estimation of Carbonic Acid and Sulphuretted Hydro-

gen. The reagent employed for the estimation of the

sulphuretted hydrogen is an impure di-tri-ortho-phosphate,
the preparation of which is described in Chapter I.

The reagent is placed in a couple of U tubes, a small

piece of cotton wool being placed in each stopper to

prevent any of the reagent being mechanically carried

forward by the gas.

The tubes are filled with this material and are then

connected by rubber tubing together and about 3 cub. ft.
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of clean coal-gas passed through them
;

this is rendered

necessary because the inventor of this method, Mr L. T.

Wright, F.C.S., found that the cupric phosphate gained in

weight, but the increase soon reached saturation point, and

he found the above-mentioned quantity of gas was sufficient

for this purpose. The tubes are filled as follows : They
are first cleaned and dried, and one is filled with powdered
calcium chloride

;
the stoppers well greased with vaseline

or rubber grease ;
the next two U tubes are filled with

cupric phosphate, great care being taken that the rough
and fine portions are well mixed, otherwise the gas will have

a too free passage through the cupric phosphate, and the

SH
2
will not be completely removed

;
the ground portions

of the U tubes are now wiped free from dust, a little

cotton wool placed therein, and the stopper well fitted

in position. These are now ready for weighing after

passing the usual quantity of clean coal-gas through
them.

The carbon dioxide is absorbed by soda lime. It was

found more expeditious to use the soda lime a little moist,

as it absorbed more CO
2
when moist. The necessary

amount of moisture can be obtained by exposing the soda

lime to the action of the air for twenty-four hours. These

soda lime tubes remain very constant in weight ;
when clean,

pure coal-gas is passed through them, and therefore it is

not necessary to saturate them as in the case of the cupric

phosphate., It is, however, necessary to pass pure dry

coal-gas through them before weighing. A couple of U tubes

are also filled with calcium chloride in the same manner as

before. These are all weighed and are ready for passing
the crude coal-gas through them.

The method of procedure is as follows :

In cases (crude gas) where there is ammonia in the gas,

this must also be removed, and is done as follows : A U
tube is filled with pieces of broken pumice which have been

previously saturated with phosphoric acid.

As sulphuretted hydrogen is absorbed by vulcanised
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and iron tubing it is necessary to have these thoroughly
saturated with crude gas before starting the test.

In this test, as only a small quantity of gas is used, viz.,

about 0.5 cub. ft., it is necessary to have a blow-off cock,

to keep the service fresh and clean, and also to have an

average sample of gas.

The gas first passes through the phosphoric acid tube,

and the outlet of this is connected to a large cylinder

(similar to what is used for fouling new oxide of iron) filled

with calcium chloride. The outlet of this drying cylinder
is provided with a T-piece which is connected up with a

Bunsen burner, which is kept burning during the test, keep-

ing a good supply of fresh gas ;
the other arm is connected

on to the soda lime tube, and the outlet of this on to the

cupric phosphate tube or tubes, and next another calcium

chloride tube, and then the soda lime tubes, and a calcium

chloride tube last, and last the gas meter. The reason of

these calcium chloride tubes is, the first one to make sure

the gas is dried by the large cylinder, and the one after

the cupric phosphate to absorb any moisture taken up by
the dry gas from the cupric phosphate tubes, which must

be added to the increase in weight of the cupric phosphate

tube, and similar on the outlet of the soda lime tube.

After the 0.5 cub. ft. has been passed, as shown by the

meter register, which should occupy from one to one and

a half hour, the tubes are disconnected, the stoppers being
shut first. They are now wiped perfectly dry and are

ready for weighing.
The increase in weight of each respective tube of

material gives the direct amount of SH
2
and CO2

in the

quantity of gas taken, and can easily be calculated to

grains per 100 cub. ft. The results so obtained will be a

little high owing to the cyanogen in the gas being absorbed,

but the error is slight and need not be considered.
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Example
i. Sulphuretted hydrogen :

Volume of gas passed, corrected to N.T.P. = 0.58 cub. ft.

Weight of inlet calcium chloride tube - - 1168.9 grains.
after -

1168.9

Increase - nil

Weight of cupric phosphate tube A after -
1200.9 grains.

A before 1 196.1

SH2
absorbed - -

4.8

Tube B cupric phosphate showed no increase. The
calcium chloride tube after cupric phosphate tube B like-

wise showed no increase; therefore 0.58 cub. ft. contains

4.8 grains of SH
2
= 827.59 grains per 100 cub. ft.

Example
2. Carbon dioxide :

A. Weight of soda lime tube after - 1468.8
before - 1460.0

CO,, absorbed -

B. Weight of soda lime tube after - 1461.8
before 1461.6

CO,, absorbed - 0.2

Calcium chloride tube after 1261.3
before - - 1261.0

Increase -
0.3

The increase in the calcium chloride tube is due to

the dry gas absorbing moisture from the moist soda lime,

and must be added to the increase of the soda lime
;

therefore

8.8 + .2 + .3
=

9.3 increase due to CO2 ;

therefore there is 9.3 grains CO
2

in 0.58 cub. ft. = 1603.44

grains CO 2 per 100 cubic feet.
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It will be obvious that there is a certain amount of

error which is multiplied by a very large factor in taking
such a small quantity of gas. The next method described

will be a separate test for CO
2
and SH

2 ,
but the quantity

of gas passed can be as much as is desired, and the test

can be put on and left for a period of twenty-four hours,

giving a much better average and a far more stringent test.

Estimation of Carbon Dioxide in Coal-Gas or Oil-Gas.

Three large cylinders are filled with soda lime, and weighed
on an accurate balance, after being blown with pure coal-

gas. A couple of U tubes are filled with calcium chloride

as usual.

The apparatus is connected up as follows : The gas
is passed through an oxide purifier to free it of SH 2 ,

then

through a meter, then through a large cylinder of calcium

chloride, and next through one of the small U tubes filled

with calcium chloride, the outlet of which is connected up
to inlet of No. I of the soda lime cylinder, which is in turn

connected to No. 2 and No. 3 soda lime cylinders, the

other calcium chloride tube coming last, the outlet of which

is connected on to a burner, and the gas is burnt. The
inlet also has a blow-away cock which burns the gas by
means of a burner, so keeping the service fresh.

The quantity of gas passed can be regulated to any
amount during the day, but I have found 10 to 12 cub. ft.

sufficient. The tubes are disconnected and weighed as

usual, the increase in weight giving the amount of CO
2
in

the quantity of gas taken
;

this multiplied by 15.439 =

grains, and can be calculated to grains per 100 cub. ft. If it

is desired to express the result in percentage by volume,

proceed as follows : A cubic foot of dry carbonic acid

weighs 817.3 grains, therefore dividing the number of grains

per 100 cub. ft. by 817.3 equals the percentage by volume

of CO
2 present in the gas.

Estimation of Sulphuretted Hydrogen by Cadmium
Chloride. A saturated solution of cadmium chloride, which

has been slightly acidulated with hydrochloric acid is used

G
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for this test. 500 c.c. of this solution are placed in three

Woulfe bottles, say 200 c.c. in first and second, and 100 c.c.

in the third.

Gas is now passed through these bottles, which are

connected up as usual, and the presence of SH 2
is noted

by the solution giving a yellow precipitate. When this

precipitate arrives at the second Woulfe bottle, attention

must be given, and directly the third bottle turns the

slightest yellow, the test must be shut off.

There is a blow-off cock as in similar cases to get a

good, fresh, and average supply of gas. The gas is passed
at the rate of about 0.5 cub. ft. per hour, and must not be

allowed to bubble too quickly through the cadmium chloride.

The bottles are now washed out with a little distilled

water, to which has been added a few drops of hydrochloric

acid
;
the whole is now placed in a beaker, and an excess of

bromine water added, or neat bromine added, to oxidise the

cadmium sulphide to a sulphate. When completely oxidised,

and the excess of bromine boiled off, add hydrochloric acid,

and precipitate the sulphur by addition of barium chloride,

which will give a white precipitate of barium sulphate.

This is filtered, and well washed till free from chlorides, and

incinerated in a platinum crucible and weighed as BaSO4
.

The weight of BaSO4 multiplied by .1459 gives the weight
of sulphuretted hydrogen in the quantity of gas taken.

Another method for estimation of SH
2

is as follows :

A standard solution of iodine is made up so as to be of a

decinormal strength, the titration being effected by a deci-

normal sodium hyposulphite solution, starch being used

as indicator.' The following reactions take place :

The test is carried out with a Wanklyn bottle (which holds

T\5- of a cub. ft). The results at the best are only very

approximate, because undoubtedly the sulphur compounds
other than sulphuretted hydrogen have an effect on the

iodine causing an incalculable error.
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Carbon Disulphide. This compound is estimated by
what is called the Referee sulphur test, and is given under

that heading.

Cyanogen. There are many methods on the market

for extracting the cyanogen from coal-gas. The cyanogen
exists in the gas in the form of hydrocyanic acid gas, and

there is a great deal of difference of opinion as to the

best method of arresting this important compound.
In some works it is arrested directly after the exhausters

or condensers by a solution of ammonium ferrosulphide
solution

;
this is made by adding a certain quantity of

"
copperas

"
or iron sulphide to a certain strength solution of

ammonia (which is obtained by washing the gas with water),

forming a solution of ammonium ferrosulphide solution,

which, when the gas containing the hydrocyanic acid gas is

washed by this solution, forms ammonium ferrocyanide.
There are numerous other methods for extraction of the

cyanogen from gas. Feld proposes to extract it by using
calcium chloride and ferrous sulphate. The following

equation expresses the result :

2oNH 3 + 6HCN + 7CO2 + ioCad
2 + FeSO4 + 2oH 2O =

Ca2Fe(CN)6 + 2oNH 4Cl 4- 7CaCO3 -I- CaSO4

Dr J. Grossman, in December 1903, read a paper before

the Society of Chemical Industry. The reactions upon
which he bases his process are briefly summed up in the

following equations :

46 x )H SO4 -6HCy + Na.,FeXy
3Na9SO4 + xH 9SO4

.

(2.) 3Na2
Fe

2Cy6 + 6NaOH + 4O =
3Na4Fe,Cy6 + Fe3O(3 + 4)

+ 3H 2
0.

(3.)

As seen, the Cy is extracted by soda, and afterwards

decomposes with H
2SO4 , &c., making either sodium cyanide

or hydrocyanic acid liquid.
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The other method of arresting the hydrocyanic acid gas
is to allow as much as will go forward to the purifiers,

where it enters into combination with the oxide of iron,

forming a cyanide of iron. The method for extracting this

from the spent oxide will be given when dealing with spent
oxide. The drawback in this latter method is that a

certain portion of the total HCN in the gas is lost by

washing with the liquid in the extraction of ammonia,

forming ammonium sulphocyanide, &c., which do not pay
to extract the amount of cyanogen.

In the analytical experiment for the estimation of the

total hydrocyanic acid the method is as follows : A 30 per

cent, solution of caustic potash is made up by dissolving 300

grams of caustic potash in a litre of water, and a 10 per cent,

solution of sulphate of iron is prepared in a similar manner.

These two solutions are now mixed in the proportion of

4 of the potash to I of the iron. This is now placed in

four small Woulfe bottles, and the gas passed through

these, forming ferrocyanide of potassium. The test is

stopped when the last bottle begins to turn blackish. The
meter is read to know the quantity of gas passed. The
bottles are washed out and mixed, and a certain portion

taken and boiled, still free of ammonia
;

it is then filtered

and the precipitate well washed.

This solution contains certain impurities, the chief one

being sulphur, which comes down with the Prussian blue,

causing a considerable error. To eliminate these impurities

acidify with hydrochloric acid, and add barium chloride,

which precipitates the sulphur as barium sulphate, filter, and

precipitate the cyanogen as Prussian blue, by adding an

excess of ferric chloride, allow to stand for a little while on

water bath, and then filter on a tared filter paper, wash

well, dry in oven and weigh ;
calculate the weight on the

total quantity of caustic potash and iron solution used gives
the amount of Prussian blue in the quantity of gas taken

;

this is easily calculated to Ibs. of Prussian blue per ton of

coal carbonised.
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In the estimation of Prussian blue care must be taken

not to take too large a proportion of the solution as, if the

precipitated blue is very heavy, it is very difficult to wash it

free of excess of iron.

The amount of Prussian blue found can easily be calcu-

lated to grains of hydrocyanic acid per 100 cub. ft.

This is far the best way of expressing the result, as it is

shown how the cyanogen exists in the gas.

Example
Gas used on experiment = 134.5 cub. ft.

Amount of Prussian blue = 22.40 grams.
Make of gas per ton of coal carbonised = 10,700 cub. ft.

Therefore 22.40x10,700^-134.5 = 1782.74 grams of Prussian

blue per ton of coal.

Thence 1782.74-^-453.6 = 3.93 Ibs. Prussian blue per ton of coal

carbonised.

To express the Ibs. of Prussian blue in grains of hydro-

cyanic acid per 100 cub. ft. proceed as follows :

1 782. 74 x 15.4 = 27454.2 grains.

27454.2 x 468 = 12848565.6 grains.

12848565.6-^-860=14940.19 ,,

14940.19 x 27-=- 26 = 155.32 grains HCN.

Therefore 155.32 grains of hydrocyanic acid per 100 cub. ft.,

which is equivalent to 3.93 Ibs. Prussian blue per ton of coal

carbonised.

The amount of Prussian blue can be estimated volu-

metrically by a standard solution of zinc sulphate made by
dissolving 45 grams of pure zinc sulphate in a litre of

water. This solution is standardised by titration against a

standard solution of potassium ferrocyanide, 5 per cent.

i c.c. of the ZnSO4
=i c.c. potassium ferrocyanide.

i c.c. ,, =0.05 gram potassium ferrocyanide.

Multiply the numbers of c.c. of zinc sulphate solution used

by 0.687 = Prussian blue, Fe4.Fe3Cy18
. The indicator in this

case is ferric chloride, and is used on the spot reaction

paper as in the estimation of iron in bog-ore.



CHAPTER VI.

ANALYSIS OF LIME.

THE analysis of lime from a gas chemist's point of view

means the estimation of the total amount of free lime or

caustic lime (CaO).
The lime used in a gasworks is what is known as

"
flare

"
lime. This is prepared from the purest chalk, and

the term "
flare

"
is derived from the method employed in

burning the chalk to lime.

The flare from a furnace burns the chalk to lime as per
the following equation :

CaCO3 4- heat = CaO -f CO2
.

The old-fashioned kiln method in which the fuel and chalk

are mixed together, or else laid in a layer of fuel and then a

layer of chalk, gives a similar result, but requires
"
picking

"

afterwards to get rid of the clinker, and the lime formed is

not so pure, as the ash of the fuel forms various calcium

silicates.

In the analysis of chalk, all that is required is the esti-

mation of the carbon dioxide, which theoretically is 44 per
cent, of CO2 ,

from the equation CaCO3
= 100, CaO = 66, and

CO2
= 44. In the analysis of "flare" lime the carbon

dioxide (CO2) and the caustic lime (CaO) are estimated.

There are numerous methods for carrying these out on

a works where it is only necessary to get
"
approximate

"

results to show how a kiln is working, and it is only

required to estimate the amount of carbon dioxide to

ascertain how the plant is going.
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The quickest and easiest method is to estimate the CO
2

by some sort of calcimeter, or an apparatus known as the

Schrotter apparatus. The figure below shows the Scheibler's

calcimeter. The working of the apparatus is as follows :

A known quantity of lime is taken (say .5 gram) and is

put into bottle A, tube B in bottle A being filled with a 33

per cent, solution of hydrochloric acid. The stopper is

then closed, and the bottle turned on one side, so that the

hydrochloric acid flows out on to the lime, the carbonic

acid is then evolved and passes over

into the bag C, which is inflated with

the gas and acts on the air in the

bottle, and so sends the water down
the graduated arm of the burette

with a corresponding increase in the

other arm. The amount of decrease

in the water is read off, and, multi-

plied, gives the percentage of CO2
in

the sample. This result is only ap-

proximate, but very good results can

be obtained if care is taken in keep-

ing the apparatus in the same place,

and the temperature about the same

day by day. Of course this appa-
ratus is not suitable for small per-

centages of CO2 ,
but anything above

5 per cent, gives very fair results.

In the use of the Schrotter apparatus the result is esti-

mated by difference, z>., a known weight of lime or chalk

is taken, the CO 2 evolved, and the flask and contents

weighed again. Decrease in weight is CO
2

.

Fig. 31 shows the Schrotter apparatus. A known

quantity of lime or chalk is weighed out and put into

the flask at the stopper on side of flask marked A. The

acid is admitted from the stoppered funnel C, while the

escaping carbon dioxide is dried by its passage through the

strong sulphuric acid contained in B. The gas passes up

FIG. 30.

SCHEIBLER'S CALCIMETER.
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the central tube within B, and forces the acid down to the

level of the holes near the bottom of the outer tube, and

then bubbles out through the acid and escapes at the top
of the outer tube.

Neither of these apparatus are suitable for the esti-

mation of CO2
in lime or chalk, if these substances contain

any volatile matter that is evolved on the addition of

hydrochloric acid, such as sulphuretted hydrogen, which is

present in reburnt lime.

The method to employ
for accurate determination

of carbon dioxide is by ab-

sorbing the CO2
either in a

Geissler's & Mohr potash

bulb, or in a U tube filled

with soda lime.

The method of procedure
is as follows :

Fig. 32 represents the

apparatus used for the pro-

cess.

The method of working is

as follows : I or 2 grams of

lime or chalk are taken and

put into flask A
;
a solution

of hydrochloric acid (33 per

cent.) is added through safety

funnel
;

the carbonic acid

gas evolved is driven through
the U tubes and is absorbed in G. The cupric phosphate
tubes are only necessary when testing spent or reburnt

lime, to retain the sulphuretted hydrogen driven off. The
calcium chloride tubes are weighed before and after the

experiment, together with the Geissler bulb and drying
tube

;
the increase in weight of the latter giving the

amount of CO2
in the quantity taken, which can be easily

calculated to percentages.

FlG. 31. SCHROTTER APPARATUS.
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After describing the various methods for the estima-

tion of carbon dioxide, the next estimation is for total

lime.

The usual quantitative method is to dissolve a weighed

quantity, say 50 grams, in hydrochloric acid, and take an

aliquot part of this and add alcohol (spirit of wine) in the

FIG. 32. APPARATUS FOR DETERMINING THE CO 2 .

A is the evolution flask ; Bt bulbing flask containing sulphuric acid ; C, (J tube containing

cupric phosphate ; D, ditto ; E and Ft U tubes containing calcium chloride ; and G,

Geissler's potash bulb, with calcium chloride tube attached.

proportion of about two-thirds of the spirit to one-third of

the solution. After thoroughly mixing add sulphuric acid

in a slight excess.

Calcium sulphate (CaSO4) is precipitated. The solution

is then filtered, and the filter paper washed with dilute

spirit, and eventually dried, ignited, and weighed.
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The calculation is then very easy from the following
factors :

i grain CaSO4
= o.4i2 CaO.

i CO., =1.272 CaO.
i COo = 2.272CaCO3

.

Mr H. Leicester Grevelle, F.I.C., F.C.S., gives a most

useful method (Journal Gas Lighting, i/th October 1905).

It is founded on the fact that free lime, though having a

limited solubility in water, is very much more soluble in

strong solution of pure cane sugar or glycerine.

His experiments were made on sugar solution. These

were placed in a 20 oz. flask, 100 grams of the finely

ground sample, and distilled water added to effect slaking.

The sugar solution was then added and the mass

digested for about half an hour at a gentle heat, the

solution diluted and made up to a measured volume, and
a portion titrated with standard sulphuric acid with any
suitable indicator. He obtained concordant results with

the CaSO4 method. The advantage claimed is that it is

volumetric and only takes the free lime into account,

rendering a special determination of the proportion of

carbonate unnecessary. The amount of CaO in a good
sample of flare lime should not be less than 94.0 per cent.,

and the CO2 not higher than 3.0 per cent.

Another method ought to be mentioned here that

has been tried with varying results. The method is as

follows : A weighed quantity of lime is slaked, dried in a

water bath at 212 degrees Fahr., and weighed again.
The increase in weight is water absorbed to form calcium

hydroxide, Ca(OH)2
. The method is as follows : The

sample of lime is well mixed and 10 grams are weighed
out in a porcelain dish. Water is then added in excess

to thoroughly slake the lime.

The basin and contents are now placed in a water oven
and dried until weight is constant The increase in weight

gives the amount of water absorbed by the lime (CaO) to
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form the hydrate CaH 2
O

2 ,
as CaO + H 2

O = CaH
2
O

2
. Now

the water in the hydrated lime is not decomposed at

100 degrees Cent, therefore the increase in weight gives
the amount of water absorbed to form the hydrate. Now
1 8 parts of water absorbed represent 56 parts of caustic

lime. In this the increase in weight was 3.1, which equals

31.0 per cent.

Therefore 18 131 :: 56:95.88,
which equals 95.88 per cent, caustic lime.

The best gravimetric method for estimating the calcium

oxide (CaO) in a sample of lime is as follows :

Weigh out i gram of the sample and dissolve it in a

weak solution of hydrochloric acid, pouring the acid gently
down the side of the beaker till all effervescence ceases.

When it has all been dissolved that will dissolve, filter, to

separate the undissolved matter (silica, &c.).

The beaker should have a watch glass placed over it

during the time it is dissolving, as on the addition of the

acid it is liable to splash. The watch glass is then washed
into the beaker, and to the filtrate ammonia is added until

the solution smells strong of the reagent. The liquid is

now heated to boiling. The calcium in the form of calcium

oxalate is now precipitated by the addition of a slight

excess of a warm saturated solution of ammonium oxalate,

to which a little ammonia has been added. The beaker

and contents are kept at the boil for a few minutes and

then allowed to settle. The clear liquid is now decanted

off through a filter without disturbing the precipitate. The

precipitate is now washed three or four times in the beaker,

by addition of distilled boiling water, and allowed to settle

each time, and the washing poured on to the filter. The
small quantity of precipitate poured on the filter paper at

each washing will so far fill up the pores of the paper
that when, after the third or fourth washing, the precipitate

is finally poured on the filter paper the filtrate will come

through perfectly clear. The precipitate is then washed

with hot water until the filtrate is free from chlorides,
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indicated by the absence of any milkiness on the addition

of a few drops of silver nitrate acidifying with nitric acid.

The filter paper and contents are now put into the water

bath, and when dry the precipitate is transferred as

completely as possible into a platinum crucible, the filter

paper being incinerated separately, and the ash added to

the precipitate in the crucible.

The precipitate (calcium oxalate) is then converted

into the carbonate by a gentle heat, care being taken that

the crucible never reaches a visible redness at the bottom

of the crucible. After gently heating for about twenty

minutes, cool in desiccator and weigh. This gives the

calcium oxide in the sample in the form of carbonate.

The calcium carbonate can now be converted into calcium

oxide by further heating the crucible for about ten minutes

to a red heat, and finishing for a few minutes with a blow-

pipe flame. Cool as before, and again weigh ;
the operation

is repeated until there is no further loss in weight. This

gives the calcium oxide in the sample.

The Estimation of Silica and Alumina. The residue

remaining after the evolution of carbonic acid, and which

has not been dissolved by hydrochloric acid, is sand and

clay. A small quantity of what is called soluble silica

will be found in the hydrochloric acid solution. No
difference is generally made in the estimation of silica,

whether soluble or insoluble, but the total is estimated as

follows :

The total contents of the flask are rinsed out into a

porcelain dish, a little strong nitric acid added, and the

liquor evaporated to dryness. The porcelain dish is then

gently heated on a sand bath until all moisture is driven

off, which is ascertained by holding a watch glass over

porcelain dish, when no moisture should be deposited.
The porcelain dish is now allowed to cool, and the

contents are heated with a little strong hydrochloric acid,

so that everything except the silica is dissolved. A little
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water is now added, and the precipitate filtered off, the

precipitate being well washed with water until free from

chloride (ascertained by adding a drop of silver nitrate to

a little of the filtrate in a test-tube, when it should remain

clear, a slight cloudiness showing presence of chlorides).

The residue is now dried in the water oven (paper and

all) and next ignited in a platinum crucible. The residue

is generally more conveniently incinerated apart from the

filter paper, the filter paper being added to crucible after-

wards. The weight of residue obtained equals silica in

the amount taken, and can easily be calculated to per-

centage. The filtrate contains the iron and alumina, which

are in the form of their respective oxides, viz., ferric oxide,

Fe
2
O3,

and aluminium oxide, A1
2
O3

.

These are estimated separately.

Separation of Iron and Alumina. A considerable

quantity of ammonium chloride is added to the filtrate and

gently warmed
;
ammonia is now added in slight excess,

and the mixture boiled
;
this precipitates both the iron and

alumina hydroxides. They are now filtered and washed.

The precipitate is dissolved in the filter by pouring a little

warm dilute hydrochloric acid, and the solution poured
into a strong solution of potassium hydroxide (free from

alumina) contained in a platinum dish, and the mixture is

then boiled for t\vo or three minutes. The iron is pre-

cipitated as ferric hydroxide, the alumina remaining in

solution as potassium aluminate. The precipitated ferric

hydroxide is now filtered off, well washed with water, then

re-dissolved in hydrochloric acid and re-precipitated by
slight excess of ammonia. The ferric hydroxide is again

filtered, washed, and dried in the usual way, and ignited

and weighed in the form of Fe
2
O3

. The total filtrates are

acidified with strong hydrochloric acid, and the aluminium

precipitated as hydroxide by addition of a slight excess

of ammonia. The precipitate is washed and dried and

ignited and weighed as A1
2
O3

.
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Sometimes the material contains manganese, which

however is in very small quantities, and is not usually

analysed separately for.

The analysis of spent lime is very difficult, as the various

sulphides formed are continually undergoing oxidisation,

thereby altering their original state. It is very rare indeed

to analyse a sample of spent lime, except for the amount
of carbonate and sometimes for the amount of free lime

that is left unconverted in carbonate.

For estimation of carbonate proceed as in chalk or flare

lime, taking care to keep back any sulphuretted hydrogen.
For estimation of free lime, or rather hydrated as

Ca(HO)2 , pro.ceed as follows : The process consists in add-

ing an excess of a solution of a copper salt to a weighed

quantity of lime. The CaO, H 2
O gives a precipitate of

CuO, H 2O, the excess of the Cu remaining unaltered in the

solution. Knowing how much Cu salt was first added,

and then determining the amount remaining in solution,

the difference between the two represents the amount of

Cu thrown out of solution as hydrate. The equivalent of

this quantity of CuO, H 2O in terms of CaO, H 2O is the

amount of CaO, H 2
O in the quantity operated on. A

weighed quantity of spent lime is weighed out (say 10 grams)
and is placed in a 100 c.c. measure, and standard cupric
chloride solution added up to the measuring line. The
mixture is allowed to stand a few hours, and is periodically

shaken up. A measured quantity (say 20 c.c.) of the clear

liquid is taken out by means of a pipette, placed in a

suitable vessel, and an excess of NH
4HO added the

blue liquid formed diluted to a convenient strength with

distilled H 2
O.

NH 4OH and distilled water are next placed in a similar

vessel, and some of the standard cupric chloride solution

run in, until the same depth of colour is obtained by
looking down the liquid on to a white surface.

Ascertaining how much of this standard cupric chloride

solution is equal to that present in the 20 c.c. of liquid
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taken, it is easy to calculate the amount equal to that in

the whole 100 c.c. The amount of cupric chloride present
in the original 100 c.c. being known, and that now present

being ascertained, the difference between the two quantities

is the amount of CuCl
2
removed as hydrated from the

solution. Its equivalent of CaO, H 2
O can therefore be

calculated.

The reaction is represented by the formula :

CuCl 2 ,
2H

2O + CaH 2
O

2
- CuH2O2

+ CaCl2 + 2.H
2O.



CHAPTER VII.

AMMONIA.

THE great bulk of ammonia and ammonia compounds is

obtained from gasworks, where decided efforts are made to

remove all the ammonia that exists in the gas by washing
with water, which absorbs the ammonia.

In the Forty-Second Annual Report on Alkali, &c.,

Works, by the chief inspector, published in July 1906, the

following Table is given :

RECOVERY AND PRODUCTION OF AMMONIA.

AMOUNT OF SULPHATE OF AMMONIA PRODUCED IN THE

UNITED KINGDOM (TONS).
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tions in ironworks, and from shale used in the production
of paraffin oil. The other items explain themselves.

The total nitrogen in coal varies from I to 2 per cent,

but in the destructive distillation of coal nothing like the

whole of the nitrogen escapes in the form of ammonia.

(Lunge,
" Coal-Tar and Ammonia.")

As early as 1863 A. W. Hofmann stated that coal in

carbonising only yields one-third of its nitrogen, two-thirds

remaining in the coke. Dr Tidy remarks that if all the

nitrogen in coal reappeared as ammonia in the gas liquor,

it would yield per ton of coal from 142 to 226 gallons
of liquor of 4 degrees Tw., while in practice rarely more
than 45 gallons is obtained.

W. Foster (Jour. Chem. Soc., xliii., p. 105) showed that,

of 100 parts of nitrogen contained in coal, there were

obtained in a laboratory experiment :

14.50 parts as ammonia,
1.50 cyanogen,

35.26 ,,
in the elementary condition (as part of coal-gas),

48.68 remaining in the coke.

Watson Smith (Jour. Soc. Chem.Ind., 1883, p. 438) found

that coal-tar, which Foster neglected in his calculations,

contained 1.667 Per cent. N (pitch containing 1.595, and

coal-tar oil about 2 per cent.), that is, not quite o. I per
cent. N calculated upon the coal from which the tar is

derived. In coke he found :

Ordinary gas coke - -
1.375 per cent, nitrogen.

Bee-hive coke - -
0.511 ,, ,,

Coke from Simon-Carres ovens 0.384 ,, ,,

This shows that much less nitrogen is driven out of

coal in the short process of gasmaking than in the long-
continued process in the manufacture of metallurgical

coke. There are many methods for increasing the yield of

ammonia from coal, such as adding lime, treating coal

H
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with steam. For further information of this matter the

reader is referred to Lunge,
" Coal-Tar and Ammonia."

Ordinary gas liquor can be divided into two classes,

viz., the volatile ammonia, and the fixed ammonia. The
fixed ammonia is formed during the scrubbing or washing
of the gas, when the ammonia enters into chemical com-

bination with the carbon dioxide, sulphur, and cyanogen.
These substances are :

I. Volatile at ordinary Temperatures
Ammonium carbonate (mono, sesqui, bi).

sulphite, (NH 4 )2S.

hydrosulphide, NH4
.HS.

cyanide.
acetate (?).

Free ammonia.

(The presence of free ammonia is doubted by most

chemists.)

II. Fixed at ordinary Temperatures
Ammonium sulphate.

sulphite.

thiosulphate (hyposulphite).
thiocarbonate.

chloride.

thiocyanate (sulphocyanide).

ferrocyanide.

Lunge.

The Alkali Report for 1905, pages 35 and 36, gives the

following analysis of samples of English gas liquor :
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FIG. 33.

TWADDELL'S
HYDROMETER.

The Analysis of Ammoniacal Gas

Liquor. This is not unfrequently carried

out in a gasworks by means of a hydrometer,
but generally only as a very rough guide.

Twaddell's hydrometer is generally used

for this purpose, and the rule is : Degrees
Twaddell multiplied by 2 equal oz. of

ammonia in liquor per gallon.

But this process, which is really the

specific gravity of the liquor, is most decep-

tive, and is certainly in the favour of the

buyer and against the gas company, for the

ammonium salts raise the density of the

solution in an unequal degree, and free am-

monia (which seldom occurs) lowers it.

This is proved by the following experi-

ment, the liquor being tested by Twaddell

hydrometer, then distilled (as explained later)

for the total ammonia, both free and fixed :

Degrees on Twaddell hydrometer = 3 x 2 = 6.00 oz.

By Will's distillation test = 7.80 oz.

The following Table, given in Lunge's
" Coal-Tar and Ammonia," still further proves
the point :

Degrees Baume
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These tests, which have been proved correct by
T. H. Davis {Chemical News, xxxviii., p. 193) and others,

show that it is decidedly wrong to value a gas liquor by its

gravity. It is therefore decidedly preferable to value gas

liquor by a chemical test.

There are two methods in use : the general one in use

in England is to state the amount of ammonia in oz. per

gallon. This refers to the number of ozs. of real sulphuric

acid (H 2
SO4) required to saturate or neutralise I gallon

of liquor.

The standard acid is made by diluting 16.5 oz. of

H
2
SO4

with water, and making up the total to I gallon.

The specific gravity of this standard solution at various

temperatures is as follows :

Temperature.
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is required to be estimated, a known quantity of liquor is

distilled with a solution of potash or soda in excess into a

known quantity of standard acid. It is necessary to prepare
a standard sodium hydrate solution to exactly equal the

standard acid, i.e., I c.c. of the standard acid will be exactly
neutralised by I c.c. of the standard soda solution. There-

fore as each c.c. of the standard acid used to neutralise the

liquor equals I oz. of ammonia per gallon, the soda solution

will therefore be of equal strength.

The method of procedure is as follows : 16 c.c. of the

gas liquor to be tested are placed in the flask C, excess of a

strong solution of potash is added through funnel E, stop-
cock closed, 16 c.c. of the standard acid are placed in flask

G, and sufficient distilled water, so that the tube F will be

submerged. The gas is now lighted, and the gas liquor

kept boiling steadily for an hour or more, until all the

ammonia is driven off, proved by opening cock E, and

holding a turmeric paper there, which instantly turns red

if any ammonia is present.

On completion of distillation the flask G is washed out

and titrated by the standard soda solution to ascertain how

many c.c. of the acid solution have been neutralised by the

ammonia in the gas liquor.

The number of c.c. of soda solution used, deducted

from 1 6 c.c. (the number of c.c. of acid used), gives the

number of oz. per gallon of liquor.

Example
1 6 c.c. of acid = i6 c.c. of soda.

16 c.c. of acid used for distillation; 7.8 c.c. of soda used to

neutralise acid solution after distilling the gas liquor.

Therefore 16 c.c. - 7.8 c.c. = 8.20 oz. of ammonia per gallon.

This is what is known as Will's distillation test. (The
other method for estimation of the percentage of ammonia
is described under ammonium sulphate.) These are the

usual tests carried out on a gasworks, but it is sometimes

necessary to have a complete analysis of a gas liquor.
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The foregoing tests are from the Report of the Chief

Inspector of Alkali Works. The complete report on

analyses of ammoniacal liquor from various sources is con-

tained in the Fortieth Annual Report, and one or two

additions have been made in some of the subsequent ones.

Ammonia.

I. Free Ammonia (A} By Direct Titration (to deter-

mine approximately the volume of acid required for dis-

tillation (/?)) IO -c - f liquor are diluted to 100 c.c. and

N
titrated with H

2SO4 methyl orange indicator.

(B) By Distillation. 10 c.c. liquor (more if weak)
diluted to about 300 c.c. in round-bottomed flask connected

through a catch bulb to Liebig's condenser and receiver,

N
containing excess of - H

2SO4 and provided with outlet acid

catch packed with broken Jena glass (some beads are found

N
to yield alkali to - acid, and their use is not recom-

mended) ;
at the close of distillation air is blown through

the apparatus to remove final traces of ammonia.

150 c.c. of the solution are distilled, the excess of acid

N
in receiver is titrated with -Na

2
CO3 ,

then 100 c.c. further

N
distilled into receiver without acid, titrated with H

2SO4
.

The amount of ammonia obtained by this second dis-

tillation is in general nil. In exceptional cases, however,

e.g., producer gas liquors, evolution of ammonia from decom-

position of nitrogenous organic matter was so continuous

as to make it impossible to complete the distillation for
"
free

" ammonia.

In such cases it was only possible to present a figure

for "total" ammonia (free and fixed), addition of caustic soda

readily effecting the decomposition of ammonia-yielding

compounds.
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Fixed Ammonia (C) By Distillation. Add boiled

caustic solution in excess, with sufficient water to replace
that distilled off, and proceed as above.

The whole of the ammonia is found in the first 150 c.c.

of distillate, with rare exceptions. In such exceptional
cases the distillation is prolonged with addition of more
water.

(Attention is directed to the behaviour of cyanides on

distilling a gas liquor containing these with caustic soda.

It was proved that hydrocyanic acid when boiled with

caustic soda yielded sodium formate and ammonia, as per
the equation :

HCN + NaHO + H2
O = NH

3 + HCOoNa.

It was also found that cyanogen compounds where decom-

posed by steam resulting from oxidation of the sulphuretted

hydrogen by air :

A reaction analogous to the formation of ammonia from

metallic cyanides when heated with steam.)

Calculations

NNH
3 grams per 100 c.c. of liquor

= .0085 x 10 x c.c. acid.

. x Free NEL gramsH.E. (Hydrogen Equivalent)
=

.017

2. Carbonic Acid. 10 c.c. of liquor are diluted to 400

c.c., 10 c.c. of ammoniacal calcium chloride (i c.c. = .044

gram CO
2) added, and the whole heated in a stoppered

bottle for one and a half to two hours in a water bath at

100 degrees Cent. Cool somewhat, filter, wash by decanta-

tion with boiling water, and dissolve the calcium carbonate

N
in 25 c.c. to 50 c.c. HC1, with added cold water to

prevent loss of acid. The small amount of calcium carbon-

ate on the filter paper is best recovered by incineration.
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NCO2 grams per 100 c.c. of liquor
= .on x 10 x c.c. - acid

H E _ CQ2 grams
.022

3. Chloride. 10 c.c. of boiled liquor (for convenience

250 c.c. are boiled, to expel sulphide, &c., cooled and made

up to 250 c.c. for estimation of chloride, sulphocyanide,

ferrocyanide, &c.) are diluted to 1 50 c.c., 20 c.c. of hydrogen

peroxide (10 volumes free from chloride) added, and the

solution boiled until the brown colour has almost entirely

disappeared; 10 to 15 drops of potassium chromate solu-

tion are then added to destroy the excess of peroxide and

to aid in the removal of organic matter, and the boiling

continued for five minutes. Filter, if necessary, from traces

of green chromium hydrate, cool, neutralise by addition of

N
a pinch of sodium bicarbonate, and titrate with AgNO3

.

Calculation

N
HC1 grams per 100 c.c. = .00364 x 10 x c.c. AgNO3

.

10

4. Sulphur (A) As Sulphate. 250 c.c. of the liquor

are concentrated to about 10 c.c. on the water bath, 2 c.c. of

strong hydrochloric acid added, and the evaporation con-

tinued to dryness to decompose thiosulphate and render

organic matter less soluble in water. The residue is ex-

tracted with water and the filtered solution made up to

250 c.c. The sulphate is determined by precipitating 100

c.c. of this solution with barium chloride, allowing the

precipitate one night to settle. The amount of oxidation

undergone by the thiosulphate under these conditions is

insignificant.

Calculation

Sulphur as sulphate, grams per 100 c.c. = 0.1373 x grams
BaS04.
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(Z?) As Sulphocyanide. To 50 c.c. of the boiled solu-

tion (see "Chloride," as above) add ferric chloride, in

amount slightly in excess of that required to complete the

precipitation ofthe ferrocyanide (Note. As ferrocyanide has

only been detected in gas liquor analysed here on very rare

occasions, addition of ferric chloride is generally found to

be unnecessary, and is omitted. The appearance of Prussian

blue, however, on adding ferric chloride (slightly acid) to

the boiled liquor is regarded as one of the best qualitative

tests for ferrocyanide) as Prussian blue, filter (the solution

may be warmed to promote separation of the blue in the

flocculent condition essential for rapid filtration), cool, add

sulphuric acid in sufficient excess, followed by copper

sulphate, and set aside in stoppered flask for one or two

hours in the cold to deposit the cuprous salt. Filter cold,

wash thoroughly with hot water, using a little sodium

sulphate in the wash water if the precipitate shows a

tendency to pass through the filter paper ;
the final wash-

ings must remain colourless on addition of a trace of

ammonium sulphide. Wash the cuprous sulphocyanide,
which should be white, back into the flask, the last traces

being removed from the paper by warming on a clock glass

with dilute nitric acid (i 13), add I c.c. to 2 c.c. of strong
nitric acid, and boil the solution until green (in presence of

much organic matter evaporation to dryness and gentle

ignition, followed by further treatment with nitric acid, is

sometimes required to complete the oxidation of the

copper). Cool the oxidised liquid, add slight excess of

sodium carbonate, acidify with acetic acid, add potassium

iodide, dilute and titrate the liberated iodine with thio-
10

sulphate, using starch as indicator.

Calculation

Sulphur as sulphocyanide, grams per too c.c. = 2 x .0032 x

^^
c.c. thiosulphate.

10
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(C) As Sulphide, Sulphite, and Thiosulphate. (i.) loc.c.

of liquor are diluted to 500 c.c., acidified with hydrochloric
N

acid, and titrated with iodine, starch as indicator.

N
The volume of iodine required determines that of

10

the liquor taken for (2.).

(2.) 10 c.c. of liquor, or more, are added to excess of

ammoniacal zinc chloride solution, diluted to about 80 c.c.

with warm water, filtered, and thoroughly washed with

warm water (about 40 to 50 degrees Cent.).

(a) Sulphide. The zinc sulphide on the filter is washed

N
into excess of iodine, acidified with hydrochloric acid

(the last traces of sulphide being washed through with cold

dilute acid) after vigorous agitation to complete the solution

of zinc sulphide, water is added, and the excess iodine

N
determined with thiosulphate.

Calculation

Sulphur as sulphide, grams per 100 c.c. = 10 x .0016 x c.c.

iodine.
10

NH S = 10 x .0017 x c.c. iodine.
10

H E =
.017

(b) Sulphite and Thiosulphate. The conclusion is

reached that no exact estimation of sulphite and thiosul-

phate is possible in ammoniacal liquor by any method
N

based on titration with iodine, except in quite excep-

tional cases.

A united figure for these two constituents can be reached

by difference, subtracting from the total sulphur found by
bromine oxidation the sum of the sulphurs present as

sulphate, sulphocyanide, and sulphide.
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(D) Total Sulphur. 50 c.c. (100 c.c. of weaker liquors)
of liquor are delivered drop by drop from a burette into a

flask containing excess of bromine (free from sulphur),
covered by water, strongly acidified by hydrochloric acid

;

the oxidised solution is evaporated to dryness on the water

bath, the residue repeatedly extracted with boiling water,

filtered, cooled, made up to 250 c.c., and 100 c.c. precipitated
with barium chloride.

Calculation

Sulphur grams per 100 c.c. = 5x.i373x grams BaSO4 .

In the case of some liquor, e.g., coke oven liquor, oxida-

tion with bromine is often found to yield a heavy yellow

precipitate of brominated phenols ;
this may retain traces

of sulphur in amount sufficient to affect the percentage
distribution sulphur figures unless it is recovered by fusion

with potassium carbonate and nitrate in the total. The
correctness of the bromine oxidation method is confirmed

later.

(E) Sulphur as Polysulphide. The conclusion is reached

that the methods of analysis elaborated so far afford no
certain evidence of the existence of polysulphide in am-
moniacal liquor ; indeed, the known reactions of this body
with sulphite to form thiosulphate, and with cyanide to

form sulphocyanide, appear to exclude the possibility of its

occurrence in ordinary ammoniacal liquor.

The more important papers relating to the above are:

" Examination of the Ammoniacal Liquor of the Gasworks,"

by S. Dyson (Journal, Society of Chemical Industry, 1883, pp. 229-

230.

(Note. Dyson procedure for estimation of sulphocyanide is

regarded as untrustworthy.)
" Some Notes on Gas Liquor and Ammonia Purification

"
(in

which methods of stating results are specially detailed), by Lewis
T. Wright (Journal, Society of Chemical Industry, 1886, pp. 655-

661).

"Laboratory Notes," presented to the Incorporated Gas
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Institute (35th Annual Meeting), by John T. Sheard (Journal of
Gas Lighting, July 1898).

"Coal-Tar and Ammonia," by George Lunge (3rd edition, pp.

738-755)-

"Volumetric Analysis," by Francis Sutton (8th edition, pp.

78-87).

For " Estimation of Chloride
"

see Abstract of paper by
O. Herling (Journal^ Society of Chemical Industry, 1900, p. 336).

"Estimation of Cyanogen Compounds," by W. Feld (Jour,

fur Gasbeleuchtung, 1903, 46 (29) to (33), pp. 561-666).

Estimation of Sulphite in Ammoniacal Liquors.
The difficulties attending an exact estimation of sulphite

in ammoniacal liquor have been fully considered, in the

hope of arriving at a reliable method. Numerous methods

were tried, and the following adopted :

Polysulphide Method. It is a well-established fact that

solutions of ammonium polysulphide and ammonium sul-

phite react to form ammonium sulphide and ammonium

thiosulphate, e.g. :

(N H 4)2S2 + (NH4) 2
S03

= (NH 4)2
S + (NH 4)2S2O3

.

As a result of this reaction the iodine value of the

N
solution is decreased by I c.c. - - iodine for every .0032

gram of sulphur as sulphite decomposed, the iodine value

of the thiosulphate produced being half that of the sulphite

reduced. This decrease affords a means, therefore, of

calculating the amount of sulphite present.

The procedure adopted is as follows :

(a) Total iodine value of solution is determined by
N

titrating 10 c.c. of diluted and acidified liquor with -

iodine.

N- iodine equivalent of H
2S + H 2

SO
3 + H2

S
2
O3

= A c.c.
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(V) Iodine equivalent of sulphide is determined by
ammoniacal zinc chloride method described above.

N
iodine equivalent of H9S = B c.c.

10

iodine equivalent of H
2
SO3 + H2

S
2
O

3
= A - B.

(c) Iodine equivalent of half the sulphite and the thio-

sulphate is determined by adding 10 c.c. of liquor to 10 c.c.

or more of diluted polysulphide liquor (prepared by digest-

ing strong ammonium sulphide solution with powdered
sulphur, decanting; 2 c.c. of this solution freshly diluted

to 100 c.c. gives the dilute solution used for analysis).
After standing five to ten minutes in the cold, the clear,

yellow liquor is precipitated by excess of ammoniacal zinc

chloride and filtered
;
the filtrate is acidified with hydro-

N
chloric acid and titrated with iodine.

10

- iodine (less iodine for thiosulphate contained in the

polysulphide used) is the equivalent of JH 2
SO

3+H 2
S

2
O8 .

Two examples will make this clear,

i. Coke Oven Liquor :

10 c.c. liquor H2S + H 2SO3 + H2
S2O3

= 8.57 c.c. -iodine A.
10

H
2
S =7.71 B.

H
2SO3 + H 2

S
2O3 -0.86 A-B.

|H2
SO3 + H2

S
2
O3 =0.60 (thiosulphate in

polysulphide

deducted) C.

=0.26 A

Whence

Sulphur as sulphide- 10 x .0016 x 7.71 =.1234 gram of sulphur
per 100 c.c.

Sulphur as sulphite- ic x .0016 x 2 x .26 = .0083 gram of sulphur
per 100 c.c.

Sulphur as thiosulphate- 10 x .0064 x .34
= ,021 8 gram of sulphur

per 100 c.c.
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2. Gas Liquor (cyanide present, hence polysulphide

presumably absent) :

10 c.c. liquor H 2
S + H2SO3 + H 2

S
2
O3

= 32.i3 A.

HS ^
-? 1 B.

H
2
SO3 + H2S2O3 =1.42 A-B.

il"iooOo "f" rloSgOo = I^3 {-s*O \J

JH2S03
= .o9 A-(B + C).

Whence

Sulphur as sulphide = 10 x .0016 x 30.71 =.4914 gram.

sulphite
= 10 x .0016 x 2 x .09

= .0029 gram.

Sulphite, if present, only exists in this liquor in an in-

significant amount. It is reasonable to conclude that it

is absent. It should be pointed out that the iodine figure

for JH2SO3
is reached by subtraction = A (B + C). This

will eliminate, to a material extent, the effect due to inter-

ference of organic matter, as titrations A and C are carried

out under very similar conditions, while B is not considered

to be materially affected under the conditions observed for

the precipitation of the zinc sulphide.
Careful experiments were also made on mixtures con-

taining various known proportions of sulphite and thio-

sulphate, both in presence and absence of organic matter,

to determine the limitations of this method.

The results obtained are shown in the accompanying
Table, which, it is hoped, is sufficiently clearly set out to

save detailed explanation.
In experiments Nos. 7 and 8 the results of analysis

clearly indicate absence of sulphite in the solution examined.

In experiments Nos. I to 6 the amount of sulphite found in

each case is in satisfactory agreement with that taken.
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ESTIMATION OF SULPHITE BY POLYSULPHIDE METHOD.

(PER TOO c.c.)

Liquor.
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Evidence was previously obtained that some of the

difference noticed was due to the presence of sulphite,

which caused the "
thiosulphate

"
figure to largely exceed

its proper value by reason of the factor for conversion of

N- iodine into sulphur as thiosulphate being .0064 gram

N
sulphur per I c.c. - iodine, while that for sulphite is only

one-fourth of this. This has failed, however, to reduce the

difference figure to the limits of reasonable experimental

error, and the conclusion is reached, therefore, that organic
matter is the disturbing cause, as such differences are not

noticed when the same methods are applied to determine

the same constituent in solutions from which organic
matter is excluded.

Various considerations point to the thiosulphate titra-

tion as the one peculiarly liable to such interference
;
for

this reason the iodine method of estimating this constituent

in ammoniacal liquors is finally rejected in favour of a

figure arithmetically obtained by difference.

Estimation of Cyanogen Compounds in Ammoniacal

Liquor. In ammoniacal liquor three cyanogen compounds
alone are of technical interest : cyanide (hydrocyanic acid),

ferrocyanide, and thiocyanate (sulphocyanide).
In these analyses the "

total cyanogen
"
contents of any

given liquor is taken to be the sum of the hydrocyanic
acid (HCy) equivalents, grams per 100 c.c. of the cyanide,

ferrocyanide, and thiocyanate present ;
and the "

cyanogen
distribution

"
figure for each of the compounds named to

be the hydrocyanic acid equivalent of the compound per
100 parts of "total cyanogen" (as HCy) present. The
methods are :

Cyanide (Hydrocyanic Acid]. Feld's method for the

estimation of ammonium cyanide is based upon the fact

that if alkaline cyanides are distilled with a solution of mag-
nesium chloride, or lead nitrate, the cyanogen is expelled
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quantitatively as hydrocyanic acid. If sulphide be present
in the solution to be distilled, lead nitrate should be used

to avoid the evolution of sulphuretted hydrogen which

occurs when magnesium chloride is employed.
The reaction when lead nitrate is used may be repre-

sented by the equation :

Pb(NO3)2 + 2NH4CN + 2H
2
O = Pb(OH)2

+ 2NH
4NO3 + 2HCN.

In applying this method for the estimation of hydro-

cyanic acid, it has been found convenient to employ the

apparatus used for determination of ammonia, both free

and fixed. This consists of a 500 c.c. round-bottomed

flask provided with two-holed caoutchouc stopper with inlet

tube sealed in liquor, and exit tube connected through a

catch bulb to Liebig's condenser and receiver.

It is safer, in distilling off hydrocyanic acid, to seal

N
exit tube of the condenser in the 25 c.c. of caustic soda,

with which the receiver is charged, a precaution quite un-

necessary when ammonia is being estimated.

Example

50 c.c. of liquor are distilled with excess of a 20 per cent,

solution of lead nitrate (50 to 100 c.c.) into 25 c.c. of soda

for twenty-five minutes, the distillate diluted to about 400 c.c., a

crystal of potassium iodide (about 0.2 gram) added, and the solution

N
titrated on silver nitrate :

10

(i c.c. .0054 gram HCN)
N
AgNO3 -=6.3o c.c.

10

Whence

HCN per 100 c.c. liquor
= 2 x 6.30 x .0054 = .068 gram.

Hydrogen equivalent (H.E.)=>- =2.5.
.027
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Ferrocyanide. Feld estimates this compound by boiling
it in alkaline solution with mercuric chloride, whereby
mercuric cyanide is formed ; the latter body is then de-

composed with sulphuric or hydrochloric acid, the hydro-

cyanic acid liberated, being distilled off, and titrated with

silver nitrate as mentioned above. Magnesium chloride is

added to the alkaline solution before addition of mercuric

chloride, to prevent precipitation of mercuric oxide. The
reaction in the case of ammonium ferrocyanide may be

represented as follows :

2(NH4)4FeCy6 + SHgCl, + 3Mg(OH),
= 6HgCy2 + Hg2Cl 2 + Fe

2(OH)6 + 3MgCl2 + 8NH 4C1.

The distillation of the mercuric cyanide is conveniently
carried out in the same apparatus as that employed for

the estimation of hydrocyanic acid (as above), procedure,
as regards the collection and titration of the evolved hydro-

cyanic acid, being in both cases identical. The use of the

same apparatus for estimation of "
free

" and " fixed
"

ammonia, hydrocyanic acid, and ferrocyanide is an advan-

tage much appreciated in the complete examination of

ammoniacal liquors, where analyses have to be promptly
made to minimise the changes in composition that rapidly
follow on exposure to the air.

The volume of liquor taken is 250 c.c. Solution is

boiled to expel volatile salts, a moderate excess (10 to 15

c.c.) of 6 N. caustic soda added (amount calculated from

the "fixed" ammonia found), and the boiling continued

for a further period of fifteen minutes to remove fixed

ammonia, and bring separated ammonium ferrous ferro-

cyanide into solution. Cool, make up to 250 c.c.

To 50 c.c. of the solution diluted to 100 to 150 c.c., and

raised to boiling, add 5 c.c. of 6 N. soda (NaOH) followed

by 30 c.c. of 3 N. magnesium chloride (add slowly to avoid

formation of clots), boil for five minutes, add 25 to 50 c.c.

N
of a boiling solution of - - mercuric chloride, and continue
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the boiling for not more than ten minutes. The liquor is

then distilled for twenty minutes with 30 c.c. of 6 N.

sulphuric acid into 25 c.c. of - caustic soda. To the

distillate add a pinch of lead carbonate, and filter off the

precipitated lead sulphide, dilute to about 400 c.c., add a

N
crystal of potassium iodide and titrate on - AgNO3

10

(i c.c. = .0054 gram HCy).
The presence of ferrocyanide in ammoniacal liquor is

so uncertain that it is desirable to identify it by qualita-

tive test before embarking on the somewhat lengthy pro-
cedure described above. For this purpose it is sufficient

to add to the acidified boiled liquor a drop of dilute ferric

chloride and gently warm.

(The boiled liquor sometimes contains small traces of

separated ammonium ferrous ferrocyanide; it must therefore

be well shaken before applying the Prussian blue test for

ferrocyanide. Addition of peroxide of hydrogen to the

boiled liquor in such cases produces a blue body by

oxidation.)
If ferrocyanide is present the red colour of the thio-

cyanate changes to blue, and in cases where sufficient is

present, a flocculent blue precipitate separates.

Thiocyanate (Sulphocyanide) (A) Ferrocyanide absent.

If qualitative test (ferric chloride to acidified boiled liquor

and warming) indicates that ferrocyanide is absent, add

to 50 to 100 c.c. of the boiled liquor acid sulphite of

soda containing free sulphurous acid in excess, followed by

copper sulphate, and set aside in closed flask for one and a

half to two hours in a warm place (25 to 30 degrees Cent.)

to deposit the cuprous salt. This procedure ensures separa-

tion of the cuprous thiocyanate in a form readily retained

on filtration through any good filter paper suitable for use

with barium sulphate precipitate. Filter, wash thoroughly
with hot water

;
the final washing must remain colourless

on addition of a drop of dilute potassium ferrocyanide, or
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ammonium sulphide. Wash the cuprous thiocyanate,
which should be white (grey if organic matter is present),

into a platinum dish, the last traces being removed by
warming the filter paper on a clock glass with dilute nitric

acid (i 13), add I c.c. of strong nitric acid, and evaporate to

dryness on the water bath. The residue is gently ignited
to remove organic matter, moistened with nitric acid, and

again cautiously ignited to expel oxides of nitrogen ;
dis-

solve in dilute sulphuric acid (normal strength is suitable),

slight excess of carbonate or bicarbonate of soda added,
and the separated carbonate dissolved in acetic acid. To
the clear green solution of the acetate add excess of potas-

N
sium iodide, and titrate the liberated iodine with - - thio-

10

sulphate, using starch indicator (added towards the end of

the titration). In general, the reaction proceeds a little

sluggishly at the finish. Addition of thiosulphate should

be added until the blue colour ceases to return after the

solution has stood for a minute. It is more satisfactory to

add a slight excess of - thiosulphate and bring back with

N I0

iodine. For technical purposes, evaporation of the

cuprous salt to dryness with nitric acid may be omitted

as an unnecessary refinement. In this case the cuprous salt

should be washed back into the flask and oxidised therein

by boiling for fifteen to twenty minutes with 2 c.c. of

concentrated nitric acid. The free acid is then neutralised

by sodium carbonate, and the solution prepared for titration

on thiosulphate in the manner described above.
10

Results so obtained are approximately accurate, but

the complete oxidation of the cuprous salt appears to be

somewhat difficult to complete in the case of some liquors,

and, in addition, the end point is less easy to determine

with certainty when nitrates and organic compounds are

both present. Thus :
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Organic matter absent

Thiocyanate taken - - 10.00 c.c.
10

Found (j) Nitric acid solution evaporated
to dryness, &c. 9.98 c.c.

(2) Nitric acid solution boiled 15 to 20

minutes- > 9.98 ,,

Organic matter present

Coke oven liquor Thiocyanate found, grams sulphur per
100 c.c.

(1) Nitric acid solution evaporated to {(a) .0260 \ ,

dryness, &c. - -
\(t>) .0269}'

(2) Nitric acid solution boiled 15 to 20 minutes .0278

Oxidation of the dried cuprous thiocyanate by direct

ignition, followed by treatment with nitric acid in platinum

dish, is inadmissible
;
considerable traces of copper appear

to be volatilised on ignition of the precipitate in contact

with filter paper. Thus :

Organic matter absent
Grams

Sulphur.

Thiocyanate taken - - .0160
j LOSS=I2

found by ignition ( () .0139 I

method - -
{ (/>) .0142 f

Organic matter present

Thiocyanate found, grams sulphur per 100 c.c.

(1) Nitric acid solution evaporated to \

dryness, &c. . .0683 ( Loss =

(2) Precipitate ignited to oxide, then
|

per ce

evaporated with HNO3,
&c. -

.0632 )

(Z?) Ferrocyanide present. To remove the ferrocyanide,

add to the slightly acidified boiled liquor sufficient excess

of ferric chloride solution to render it decidedly red (ferric

thiocyanate) and warm gently (40 to 50 degrees Cent.)

to render the " Prussian blue
"

flocculent
;

filter. To
the filtrate, cooled, add acid sulphite of soda containing

free sulphurous acid and proceed as described in
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This procedure ensures the separation of the whole of

the ferrocyanide. If desired, the "Prussian blue" thus

obtained can be used for the approximate estimation of

ferrocyanide in the gas liquor by treatment with caustic

soda and distillation by Feld's method. Thus :

Ferrocyanide, calculated as HCy, grams per 100 c.c.

Gasworks Coke Oven

(1) Feld's method applied direct to Li<iuor- Liciuor -

boiled liquor
-

0.172 .0065

(2) Feld's method applied to "Prussian

blue" separated by ferric chloride 0.161 .0065

The conversion of sulphide into thiosulphate is already
well known, but the conversion of hydrocyanic acid into

thiocyanate in presence of ammonium sulphide is of equal

importance, but less widely known. A single example
will serve to illustrate the point. Thus, a sample of coke

oven liquor was examined as received, and again after ex-

posure to an equal volume of air in stoppered bottle for

fifty-eight days, with the following results :

When After 58 days'
Opened. Exposure to Air.

Cyanide, grams HCy per 100 c.c. .053 .024 -.029
Thiocyanate, grams HCy per 100 c.c. .002 .026 + .024

Ferrocyanide, grams HCy per 100 c.c. nil nil

055 -050

Allowing for slight loss of hydrocyanic acid by volati-

lisation into the air above the liquor, we see that 50 per
cent, of the cyanide has been converted into thiocyanate by

simple contact with air in the cold
;
a corresponding con-

version of "
free

" ammonia ((NH4)2S) into
" fixed

" am-

monia (NH4CyS) has accompanied the change. The
reaction doubtless proceeds on the lines :

(NH 4 )2
S.S + NH 4Cy = (NH4 )2

S + NH 4CyS,

the polysulphide being itself obtained by direct oxidation

of ammonium sulphide.



REACTION OF CYANIDE AND POLYSULPHIDE. 137

Cyanide and polysulphide, therefore, react to form thio-

cyanate, and excess of either body implies absence of the

other. This fact accounts for the absence of polysulphide
from gasworks and coke oven liquors, where excess of

cyanide is generally present.



CHAPTER VIII.

ANALYSIS OF OXIDE OF IRON.

IN the analytical valuation of a natural oxide of iron, or

bog-ore, it is necessary to estimate the moisture, the organic
matter or peat, the ferric oxide, and silicious matter. These

analyses are all comparatively simple, with the exception
of the ferric oxide

; this, as will be explained later, is the

most important compound in the material, and it is not

only necessary to know the amount of ferric oxide, but to

know the exact state this exists in the bog-ore.
What is wanted in a good bog-ore for gas purification

is that the ferric oxide should be in a hydrated state. There

is no doubt that there is more than one compound of

hydration of oxide of iron in a bog-ore, and it would be as

well to give here the known compounds, viz. :

Gothite, Fe
2O3,

H
2O.

Limonite, 2Fe
2O3 , sH2O.

Xonthosiderade, Fe
2
O3, 2H.,O.

Bog-ore, Fe
2
O3, 3H 2

O.

Exactly how many or how few of these hydrated com-

pounds of iron exist in a bog-ore has never been definitely

settled. It is the usual method to calculate it as all existing

in the one form, viz., Fe2O3 , 3H 2
O. It is really immaterial

which is taken, so long as a definite arrangement is arrived

at, so that there can be no disputes.

There are three known oxides of iron, and these are :

1. Ferrous oxide, FeO.
2. Ferric oxide, Fe

2O3 .

3. Ferroso-ferric oxide, or magnetic oxide, Fe
3O4

= FeO,
Fe O3

.
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Of these, the only one that is supposed to exist in a

natural bog-ore is the ferric oxide, although at times one

comes across a sample that certainly contains some other

oxide of iron, which is not the ferric oxide.

In a chemical analysis on an oxide it is most difficult to

ascertain in which form the oxide exists, and it is general
to assume it to exist as Fe

2
O

3 ,
but it is also necessary to

know whether this oxide is in the proper state of hydration,
and the only method to adopt is to submit the sample to a

practical test, viz., foul it. This will certainly show the

quality of the oxide, and whether the material is suitable

for purification. We will now proceed to the analysis of a

sample of oxide.

Moisture. The sample is well mixed and ground in a

mortar
;

10 grams are weighed out into a counterpoise

platinum crucible or basin. This is then put into a water

oven which is kept at 212 degrees Fahr. (100 degrees Cent.)
for twenty-four hours. The crucible and contents are

weighed again, and then replaced in the oven again for a

further period of six hours, and then reweighed. If there

is no decrease in weight the amount of loss represents the

water in sample ;
if there is a further loss the operation

must be repeated until no further loss takes place.

Example
Crucible 46.907 grams.
Oxide ------ 10.000

Total -
56.907 ,,

Weight after drying for 24 hours - -
52.185 ,,

4.722 grams.

Weight after drying for a further period
of 6 hours - - 52.183

4.724 grams.
After this the weight was constant.

Therefore the sample contains 4.724 x 10 = 47.24 per cent, of

water at 2 1 2 degrees Fahr.
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Organic Matter. The crucible and contents from the

above are now ignited in a muffle furnace, and it is desirable

to always have the same method, so as to have uniformity
in the results. The loss in weight is organic matter and

combined water.

Example

Weight of crucible from
Last experiment 52.183 grams.
After ignition

- - 50.423 ,,

1.760 grams.

Organic matter (peat) and combined water = 17.60 percent.

Ferric Oxide. The residue, after organic matter has

been burnt off, is now dissolved in boiling HC1 acid (50

per cent solution) until all the ferric oxide is dissolved,

judged by the residue being free from colour.

The solution is then diluted and filtered, the insoluble

residue and filter paper being afterwards ignited and.

weighed, which gives us the percentage of silicious matter.

The filtrate is then treated as follows for the ferric

oxide (there are numerous methods for the estimation of

the ferric oxide, but the two principal ones will only be

described here) :

(i.) A portion of the filtrate is taken and precipitated

while hot with NaOH, to eliminate the alumina present ;

the precipitated ferric hydrate is filtered and washed with

hot water
;
the ferric hydrate is redissolved in hydrochloric

acid, and reprecipitated with N H
3

. This is filtered, washed

with hot water, ignited, and weighed.
The ignition must be made with the cover on the

platinum crucible, as during the transition of the ferric

hydrate to anhydrous ferric oxide a certain loss will be

occasioned by
"
decrepitation," i.e., a certain portion of the

precipitate will be projected from crucible and lost. The
crucible and contents are now placed in a desiccator to cool,

and weighed.
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The increase in weight from first weight of crucible

gives the amount of ferric oxide in the amount of liquor
taken.

Example
Filtrate and washing made up to 500 c.c.

.'. 500 c.c. = 10 grams of material.

50 c.c. = i gram of material.

25 c.c. = 0.5

25 c.c. are taken and precipitated with NaOH, &c.

Crucible - - 46.907
Crucible + residue -

47.071

.164 gram Fe
2
O

3
in 0.5 gram.

200

32.800 Fe
2
O3

.

Now 1 60 parts of Fe
2
O 3 give 214 part of Fe

2
O

3 , 3H 2O ;

therefore having obtained the percentage of Fe
2O3 , multiply

by I -337S will giye the percentage of Fe
2
O3 , 3H 2

O.

32.Sox 1.3375 = 43.86 per cent. Fe
2O3, 3H2

O.

(2.) By titrating with a standard solution of potassium
dichromate. This solution is made by exactly weighing

4.913 grams of pure potassium dichromate (previously
dried by being gently fused in a porcelain crucible and

then finely powdered in a dry mortar), dissolved in water

in a litre flask, and then the solution made up to 1000 c.c.

with distilled water at 60 degrees Fahr. (or 15 degrees Cent).
N

One litre of this solution contains one-tenth of an
10

equivalent of available oxygen in grams, i.e., 0.8 gram ;

therefore I c.c. = 0.008 gram of available oxygen, and is

N
therefore equivalent to 0.0056 Fe. Therefore the -

potassium dichromate solution is as follows :

i c.c. = .0056 Fe.

i c.c. = .0072 FeO.
i c.c. = .008 Fe

2
O3

..

i c.c. = .0089 Fe
2
O3,

H
2O.

i c.c. = .0107 Fe
2
O

3, 3H2
O.
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The potassium dichromate solution is stable, and has

no action on rubber. This solution must be "
standardised,"

that is, its exact strength must be definitely ascertained ;

this is carried out by dissolving pure iron wire in dilute

sulphuric acid, with the exclusion of air, in the apparatus
shown in Fig. 35.

Take 0.5 gram of the fine iron wire used for binding
flowers (which contains 99.6 per cent. Fe). About 100 c.c.

of dilute sulphuric acid (i in 5) are placed in the flask

(which should have a capacity of about 250 c.c.), fitted

with a rubber cork and

bent glass tube as shown
in figure. The air in the

flask is expelled by re-

moving cork and dropping
in two or three crystals of

pure sodium carbonate
;

this expels all air, and as

soon as the carbonate has

dissolved, drop in the

weighed quantity of iron.

The cork is instantly in-

serted, and is as shown in

figure, the bent tube dip-

ping into a solution of

sodium carbonate con-

tained in the beaker. The

flask is gently heated by a small flame until the whole of

the iron is dissolved. The gas is then withdrawn, and

the flask allowed to cool. As the flask cools, the sodium

carbonate solution contained in the beaker is drawn up

into the flask. Directly the first drop enters the flask an

effervescence of carbon dioxide is caused, which drives

the liquid down again, at the same time filling the flask

with CO2
.

When it has partially cooled in this water the cork is

withdrawn, and air-free distilled water added
;
the flask is

FIG. 35. APPARATUS FOR DISSOLVING

IRON ORES.
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then closed by a rubber stopper, and is held in a stream of

cold water until quite cold
;

transfer to a 250 c.c. flask,

measure it, and make up to the exact quantity with further

addition of cold air-free water. 50 c.c. of this solution are

then taken by means of a pipette and titrated with the di-

chromate solution, gradually added from a burette. The
end of the reaction is ascertained by means of a freshly-

made solution of potassium ferricyanide used as in-

dicator.

Drop reaction paper is cut into strips about I in. by J in.,

on this is put a little of the ferricyanide solution by means

of a glass rod, and some of the iron solution put on the

paper in the same way, so that when it spreads, it meets

the ferricyanide and causes a blue line
;
but as the amount

of ferrous salt is diminished by the gradual addition of the

dichromate, the blue becomes less and less until finally

the last drop so tested fails to give a blue colour. The
tints shown in the Plate represent the gradual falling off

in blue colour.

Example
0.5 gram of iron dissolved in 250 c.c.

o.i in 50 c.c.

As the wire only contains 99.6 of iron, to find the exact

weight multiply by 996.
Therefore 50 c.c. contain 0.0996 gram of iron. In titration

it was found that 17.6 c.c. were used in the 50 c.c.

Therefore 17.6 x 5
= 88.0 x .996 = 87.56 c.c., and instead of

the solution containing 0.5 gram in 250 c.c., it only contains

0.488 gram.
Therefore 0.488 ^87. 56 = .005584 instead of .0056 Fe.

Therefore the solution is slightly weaker than it should be,
this is easily overcome hy the use of a factor.

Having ascertained the exact strength of the decinormal

solution it is now ready for use on the oxide of iron.

Proceed exactly in the same way as with the iron

sulphate solution, but there is no need to wait for the same

sample as was used for moisture, &c., but a fresh quantity
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may be weighed, say 2 grams, dissolved in hydrochloric

acid, in the flask as before. When all the iron has dissolved,

filter, add a few pieces of pure granulated zinc, and boil

until all the Fe
2
O3

is reduced to FeO, which is shown by
the solution going perfectly white, filter off the zinc, and

make up to a definite volume.

A portion of this is then titrated with the potassium
dichromate solution.

Example

2 grams dissolved in hydrochloric acid, reduced by zinc, and
made up to 400 c.c.

200 c.c. = i gram.

200 c.c. titrated with potassium dichromate; they required

41.0 c.c.

N
i c.c. dichromate = .008 Fe

2O3 ;

.-. .008 x 41 x 2 = .656 gram Fe2O3,

.656 x 50 = 32.80 per cent. Fe
2O3 ;

or,

i c.c. dichromate = .0107 Fe O3 , sH2O;
10

.-. .0107 x 41 x 2 = .87 74 gram Fe
2
O

3, 3H2O,

.8774 x 50 = 43.87 per cent. Fe
2
O3, 3H2

O.

The insoluble residue, after dissolving the iron out,

is now burnt off in a platinum crucible and weighed.
Increase in weight = SiO3 ,

A1
2O3, and inert matter.

Example

Weight of crucible + insoluble residue - 47.143
Crucible - 46.907

.236

.236 x 10 = 2.36 per cent, silica, alumina, &c.

We have now a complete analysis of a sample of oxide

of iron, which is as follows :
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Summary
Moisture 47.24 per cent.

Fe.jO8 32.80
Organic matter, peat, and combined

water -
17.60

Silica, alumina, and inert matter - -
2.36 ,,

100.00

The Fe
2
O

3
= 32.8o per cent expressed as being in the

form of Fe
2
O3 , 3H 2

O = 43.86 per cent.

It is usual to give the Fe
2
O

3 , 3H 2
O on the dry basis so

that all analyses of various samples containing varying

proportions of water are comparable.
The method of working from wet to dry basis is as

follows :

Example
100.00 deduct 47.24 per cent, for water.

47.24

52.76 equals dry material in 100 parts.

Therefore 52.76 contains 32.80 parts of Fe.,O3
or 43.86 parts

of Fe
2 3 , 3H,0.

52.76 : 32.80 :: 100 : 62.16.

Therefore Fe
2
O3

on dry basis is 62.16 per cent.

Therefore Fe
2O3 , 3H 2

O on dry basis is 82.92 per cent.

Having arrived at the analysis of this sample of oxide,
it is now necessary to ascertain that the ferric oxide Fe

2
O

3

is in the proper state of hydration for the necessary
chemical reaction that takes place in the purifiers, where

the hydrate ferric oxide absorbs the sulphuretted hydrogen
in the gas according to the following formula :

Fe
2
O3 , 3H 2O + 3H 2

S = Fe
2
S
3 + 6H 2

O
;

or when revivification takes place in situ :

Fe2 3 , 3H2 + 3H 2
S + 3O = Fe

2
O8 , 3

K
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Now in the analytical valuation of a bog-ore it is practi-

cally impossible to give any idea as to its value as a purify-

ing reagent, i.e., the ferric oxide may exist as a hydrate, or

it may not, or in the analysis other oxides of iron may be

estimated and expressed as existing in a state of hydration,

which they do not. To form an exact idea what state the

ferric oxide is in, the sample is subjected to an experi-

mental fouling.

The method is as follows : 3 or 4 Ibs. of the sample are

taken and well mixed. A long

glass cylinder (see Fig. 36) is now
filled with the oxide, and crude gas
is passed through it for twenty-four
hours. The cylinder is now dis-

connected and put out in a porce-
lain tray or on a piece of wood and

allowed to revivify, which usually
takes from twenty to thirty hours.

This is again made moisture and

treated exactly the same as if on

the large scale, and put into the

cylinder and again subjected to

the action of crude gas on the

inlet to purifiers (the same place
as before) for twenty-four hours

when it is again revivified.

This operation is repeated till

the sample fails to show any appreciable absorbing of

sulphur, usually in about eight foulings.

A sample is taken from each fouling, the moisture is

estimated, and the sulphur absorbed is extracted as in the

valuation of spent oxide. I have found most excellent

results by this method, especially if one has a standard to

goby.
Take a sample of oxide that has been used on the

works and one of which the fouling or absorbing abilities

for sulphuretted hydrogen is known, and try it in this

FIG. 36. CYLINDERS FOR OXIDE
OR WELDON MUD FOULINGS.
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way. You will then have a standard by which you can

compare any sample sent in, and if care is taken in the

whole operation the result will be a most excellent criterion

as to the suitability of an oxide for gas purification. The
amount of sulphur absorbed is expressed in percentages on

the dry basis.

The accompanying curves show the standard and

sample, which are practically similar. In this method, one

is able to form an opinion on any sample of oxide, and to

know for certain what a given oxide is capable of doing
when under actual practical working conditions.

In cases where the gas company require a high
standard of ferric hydrate (Fe2

O
3 , 3H 2O), it is sometimes

the practice to add various iron ores to the sample and

bulk which are not hydrates, and which would require

some considerable period before they would assume that

state of hydration which would make them profitable to

use in gas manufacture for the purification of gas from

sulphuretted hydrogen. This addition is made because it

is invariably the practice to estimate the total iron as ferric

oxide, and to calculate all this as being in the form of the

hydrate (Fe.2O3 , 3H 2O).

To estimate the amount of ferrous oxide (FeO) pro-

ceed exactly as in the method described for the standardis-

ing of the dichromate solution, taking very great care

that no air is allowed to come into contact with the

sample, else some of the FeO will be oxidised to Fe
2O3 ,

which will be estimated as FeO. Directly the sample is

cool titrate with the bichromate solution, and if there is

any, say for example 4 c.c. are used, this number of c.c.

must be deducted from the total number of c.c. used in

the reduction of the total iron as Fe
2
O3 , 4x2 = 8 c.c., there-

fore this 8 c.c. must be deducted from the 82 c.c. mentioned

before.

To estimate the total silica the method mentioned in

the analysis of lime is used.

Having now described the usual method used in the
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analysis of an oxide, it would be advisable here to draw
attention to numerous experiments carried out by myself,

some of which have been confirmed by Mr Leicester

Greville, and described in the Journal of Gas Lighting,

I4th September 1905.

It was desired to ascertain for certain which was the

correct formula for representing the hydrated ferric oxide

either by the formula Fe
2
O3 ,

H
2O, or by the formula

Fe
2
O3 , 3H 2

O. 10 grams of the natural oxide which had

previously shown good results by fouling were weighed out

into a platinum dish. This was then put into a desiccator

and constantly weighed until the weight was constant,

showing that all the free moisture was absorbed by the

sulphuric acid in the desiccator. The loss in weight was

40.37 per cent. The sample was then dried in the

water oven at 100 degrees Cent. (212 degrees Fahr.)
until the weight was constant

;
this gave a loss of 11.84

per cent.

Now the formula Fe
2
O3 ,

H
2
O theoretically requires 10.1 1

per cent, of moisture. This practically proves that the mono-

hydrate of iron, Fe
2
O

3 ,
H

2O exists in the sample.
The sample was next placed in a combustion tube con-

nected on to a calcium chloride tube which had been pre-

viously weighed, and the combined water which did not

come off at 212 degrees Fahr. driven off together with the

organic matter. This was weighed and showed 7.18

per cent, of combined water, and 23.42 per cent, organic
matter.

To arrive at the exact amount of combined water the

calcium chloride tube was connected up as before, and dry

coal-gas passed through it which carried the combined

water into another weighed calcium chloride tube. Now
the combined water being 7.18 per cent, and the nearest

hydrated oxide that we have to this is 2Fe
2
O3 ,

2H
2O, which

requires io.il per cent, of moisture.

Now the various hydrated oxides with the percentage of

water theoretically required are :
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Fe
2
O

3,
H

2O = i o.i i per cent, of water.

2Fe
2
63,

2H
2
O=io.n

2Fe
2O3, 3H 2

O = 14.40
Fe

2O3, 3H 2O-25-22

The method used was as follows : The hydrate of iron

having the formula Fe
2
O3 , H 2

O requires 10.43 Per cent.

Fe
2
O3

to combine with it, and therefore as our water loss

over sulphuric acid during desiccation may be taken as

representing this hydrate, we shall require 10.43 Per cent,

of our total Fe
2
O3 to combine with the water found, and

10.43 32.80 (our total Fe as Fe
2
O

3)
will leave us 22.37

per cent. Fe
2
O3

.

Now the combined water above 2 1 2 degrees Fahr. was
found to be 7.18 per cent. We are justified in taking this

as existing in the hydrate of 2Fe
2
O3 ,

2H
2
O (although some

may exist as the other two hydrated oxides), and the

Fe
2
O3 required to give the formula 2Fe

2
O3 ,

2H
2
O requires

7.10 per cent. Fe
2
O3 ;

we have 7.1022.37 per cent, leaving

15.27 per cent, of Fe
2O3 which we may call "unattached,"

or which exists in the sample as free Fe
2
O3 unhydrated.

Other samples of well-known bog-ore confirm this

result, although in some cases the " unattached
" Fe

2
O3

is

very low, being as low as i to 2 per cent.

These experiments prove that there is more than one of

the hydrates of iron present in a bog-ore. Undoubtedly
the organic matter plays an important part ;

this organic
matter is of an acid nature, and it is found that when
ammonia (only a trace) is allowed to go forward into the

purifiers they do better work, owing to the fact that the

acid bases in the oxide are neutralised.



CHAPTER IX.

NAPHTHALENE.

BEFORE giving the various methods, &c., which have been

tried to remove this compound, the methods for testing for

it will first be considered. There are only two methods
which have met with any amount of success, the first being
that discovered by Dr Colman and J. F. Smith, and which

is known as Colman and Smith Naphthalene Test, the

second being that known as Dickenson-Gair's Test.

i. Colman and Smith Naphthalene Test. This

method was explained in a paper read by Dr Harold

Colman before the Society of Chemical Industry in January
1900.

A solution of picric acid which is nearly saturated at

normal temperature, and which is about ^V normal. The

strength of this solution is accurately determined by
N

titration with soda solution, using lacmoid as indicator,

the colour of which is changed from brownish yellow to

green on a slight excess of alkali.

The apparatus consists of a series of five bottles, the

first having a capacity of 4 oz., the second of 10 oz., the

other three being of 2 oz. capacity each. They are charged
as follows : The first with a solution of citric acid which

serves to remove any ammonia in the gas, the second

contains 100 c.c. of the picric acid solution, the third and

fourth 25 c.c. each of the same solution, whilst the fifth

bottle serves to retain any splashing that may be carried
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forward. The fifth bottle is connected to the meter. The
various bottles are connected preferably with metallic

flexible tubing, as ordinary rubber tubing absorbs naph-
thalene when new

;
if rubber tubing is used, the glass ends

of the bottles must be brought as close together as possible,

so that the gas comes in contact with the rubber as little

as possible. The gas is now passed through the bottles at

the rate of from 0.5 to i.o cub. ft. per hour until 10 cub. ft.

have passed ;
the contents of the smaller bottles are washed

into the lO-oz. bottle, using as little water as possible, as

v JLj/
AL

FlG. 38. COT.MAN AND SMITH NAPHTHALENE APPARATUS.

naphthalene picrate is soluble in water. An indiarubber

cork fitted with a glass tube at the bottom and having a

small hole in the side is then lightly inserted in the bottle,

the hole in the tube being just below the bottom of the

stopper, and the air in the bottle evacuated with the water

pump as completely as possible.

While the pump is still working, the glass tube is drawn

up so that the side hole is well within the rubber stopper,

the bottle being thus sealed. The bottle is now discon-

nected from water pump and placed in a water bath, and

boiled. The boiling is continued, with occasional shaking of
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the bottle, until the solution of naphthalene picrate is quite

clear, or until all the free naphthalene has combined with

the picric acid forming naphthalene picrate.

When absolutely clear the bottle is removed from water

bath and is now allowed to cool. During cooling the

bottle must be occasionally shaken to prevent free naph-
thalene settling out on the side of the bottle. After the

bottle has become quite cold, the whole of the naphthalene

picrate will crystallise out in fine needle-shaped crystals.

The contents of the bottle are washed into a 250 c.c.

flask, the latter filled up to the mark with water, and

thoroughly shaken and filtered. The first few c.c. of the

filtrate are rejected, as, owing to the filter paper absorbing
some of the picric acid, they are weaker than the rest.

100 c.c. of the rest of the filtrate are now taken, and 0.5

c.c. of the lacmoid solution added, and titrated with the

standard soda solution until the colour changes to the

characteristic green. The 50 c.c. burette supplied with this

apparatus is specially graduated on one side, the uncor-

rected number of grains of naphthalene per 100 cub. ft. is

read off direct, but only when the above-mentioned

quantities and strengths of solution and volume of gas

passed (10 cub. ft.) are adhered to. The reading thus

obtained divided by tabular number gives the corrected

number of grains of naphthalene per 100 cub. ft.

The meter supplied with this test is so arranged that it

can be used in cases where the pressure is not sufficient to

drive the gas through the bottles. In this case the water

pump is connected with the tube A on the outer meter

case and the water turned on. Air or gas is then drawn

from the space between the meter and the outer case with

which the meter outlet is in open connection, and as the

vacuum rises, the mercury level rises in the right-hand
limb of the tube B and falls in the left-hand limb, this con-

tinuing until the level in the latter falls below the bottom

of the tube C. As soon as this happens, air is drawn into

the meter case through the side tube D, so that the vacuum
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cannot rise higher. The amount of vacuum is regulated

by varying the height of the tube C, and must be fixed so

that the gas is drawn through the bottles at the desired

rate. The bottle E is interposed to catch any globules of

mercury which may be carried over with the current

of air.

In finding the tabular for correction to N.T.P., the

amount of vacuum shown on the mercury gauge must be

deducted from the height of the barometer, as this repre-

sents the difference between the pressure under which the

gas is registered and that of the atmosphere. The facts

and reasons of this test are naphthalene combined with

the picric acid forming naphthalene picrate, which has

the formula C10
H

8 ,
C6H 3

N
3O7 ,

with free naphthalene, hence

the necessity to boil the solution, so that the free naphtha-
lene will be taken up, forming naphthalene picrate, which

is an alkali.

It is necessary to remove the ammonia by citric acid,

or some other suitable solvent, because this would tend to

reduce the acidity of the picric acid, causing an error. The
above apparatus is only for use when the strength of the

picric acid solution is exactly^ normal
;
this is not always

easy to obtain, so the following information will be useful

to those who either have not the apparatus or else cannot

get the picric acid solution to the desired strength.

N
Titrate the picric acid solution first with caustic

10

soda, I c.c. of which = 0.0229 gram of picric acid.

N
After passing gas, boiling, &c., titrate again with

caustic soda.

The formula for naphthalene picrate is C10
H

8 ,
C6H 3N3O7 ,

i.e., 229 parts of picric acid are united with 128 parts of

naphthalene, and therefore the quantity of picric acid

T 28
found x - = 0.559 gives the quantity of naphthalene in

the volume of gas used for test.
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Example

150 c.c. of picric required 74 c.c. of soda.
10

74

.0229

666

148

148

1.6946 <
gram of picric acid before passing

gas through.

The picric acid afterwards required 67.8 c.c.

Therefore 67.8 x .0229 = 1.55262 gram of picric acid after

passing gas.

1.6946

1.5526

| gram
of picric acid lost as naph-

' *
(

thalene picrate.

12780
7100

7100

g
I gram of naphthalene in quantity

7937
| of gas passed.

.079378 x 15.43 = 1.2248 grain in quantity of gas passed.

Quantity of gas at N.T.P. = 10.31 cub. ft.

Therefore 1.2248-^10.31 x 100=11.879 grains of naphthalene
per 100 cub. ft.

2. Dickenson-Gair's Modification of Colman and
Smith Naphthalene Test. This method was described

by Mr C. J. Dickenson-Gair before the Chemical Industry
in December 1905. The author of this process uses acetic

acid of a specific gravity of about 1.044.

About 350 c.c. of this acid are taken and put in two

bottles (as in Colman test). A small WoulfT's bottle con-

taining 150 c.c. of picric acid solution is also added after

the acetic acid to act as a catch, and a measured volume of
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gas not more than 3 to 6 cub. ft. passed through at the

rate of I cub. ft. per hour. The ammonia is removed by
a suitable solvent. After the experiment is finished the

acetic acid and picric acid from the bottles are mixed in

a flask, and about 500 c.c. of concentrated picric acid

solution added. Pure naphthalene picrate separates out at

once in large flocculent masses, which have the advantage
of being easily filtered.

After
filtering,

the naphthalene picrate is dried in vacuo

or a warm room and weighed.
This method gives practically identical results as with

Colman and Smith method, and the same apparatus is

suitable for its use.

There is yet one other method worthy of notice, i.e.,

one devised by Somerville : Three glass tubes about 7 in.

long and I in. in width are fitted up in a similar manner
to bottles used in other tests, and about 35 c.c. of 70 per
cent, of alcohol are poured into each. The three are

closely connected, a measured quantity of gas passed

through, and the test disconnected. The contents of the

tubes are then washed out and intimately mixed in a

flask.

If the gas used is impure, it will be necessary to add

concentrated oxalic acid solution until the ammonia is

entirely neutralised, as shown by litmus paper. The con-

tents of the flask are now filtered and the filter paper
washed with dilute alcohol.

Concentrated picric acid is added in large excess

about 500 c.c. are generally necessary the liquid agitated
and allowed to stand for half an hour. By that time all

naphthalene picrate will have separated out, and may
be filtered, dried slowly, and weighed. The amount of

naphthalene found in the gas varies tremendously, both

owing to the class of coal used, temperature of carbonisa-

tion, method of taking tar off in the hydraulic main,
&c. &c.
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The usual amount found is as follows :

Before condensing, gas ,- about 80 grains per 100 cub. ft.

After condensing, gas ,, 15 ,, ,,

Outlet of purifier ,,
10

,, ,,

Outlet of works 7 ,,

In this case no naphthalene extractor was at work, the

only naphthalene that is extracted being that which was

condensed out by condensers, washers, purifiers, &c., but

no special effort was made to remove this bye-product.

Many and various have been the methods devised to

remove naphthalene from coal-gas. Some have met with

success, and others have not come up to or done what was

expected of them.

As far as experiments and expert opinion have arrived

at the present time, these can be divided into two

sections :

1. Those whose aim and object is to relieve the gas
of naphthalene by condensation, and the use of various

vapours in the gas to absorb the naphthalene and prevent
it from coming down in the crystalline form

;
and

2. Those whose object is to wash the gas with some
solvent of naphthalene, generally a coal-tar oil which

absorbs the naphthalene from the gas by bubbling the

gas through this solvent, and, when saturated, having fresh

oil, &c.

These methods will be considered separately.
In the early days of gas manufacture naphthalene gave

a good deal of trouble. We read in Bowditch,
"
Analysis

and Use of Coal-Gas," 1867, of the trouble caused by
deposition of naphthalene. Bowditch points out that there

is practically an unlimited power or use in condensation,
and says it is in the power of most engineers to make
considerable difference in their illuminating power how

they use or what method they adopt for condensing
their gas.

The proper object of condensation is the removal from
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the gas of substances produced in the destructive distilla-

tion of coal, which for some reason or other are not useful

for the purpose of illumination, or which cannot be dis-

tributed, but all substances which are useful as illuminants

and can be distributed with the gas should be retained.

He proposed, in order to accomplish this, that the hydraulic
main be kept hot, and that the gas and vapours from

this should be passed to a special apparatus kept at a

regulated temperature, in which the gas and light hydro-
carbons might be separated from the heavier bodies before

passing the gas to the purifying plant, so that a larger

proportion of the hydrocarbon vapours might be distri-

buted with the gas. This method of condensation he con-

siders would probably lessen the deposition of naphthalene
in the gas, &c.

The nearest approach we have to this is the more

advanced and scientific method of Dr Colman's u
Cyclone

"

method. In this process the trouble caused by water

vapour is greatly diminished by separation of the heavier

tar fogs and liquor and gas before it reaches the condenser,

therefore increasing the vapour tension of the lighter hydro-
carbons and allowing them to exert their solvent action

more fully on the naphthalene present. In this process

the aim is first to remove any substance that causes the

lowering of the vapour tension of the more useful con-

stituents, so that they may have fuller play of their

natural tendency to absorb naphthalene, and that later on

in the operation when they are condensed the naphthalene
will come down dissolved in the condensed matter. There

are, one might say, two distinct ideas predominating in the

efforts to remove naphthalene, viz., (i) where the object is to

utilise the solvent action of the tar either during condensing
or before, (2) to use some sort of absorbent for the naphtha-

lene, such as Young and Glover's process, Bell, Colson, &c.

The ideas have been briefly mentioned, but a brief

review of some of the more successful methods on these

lines may be advantageously given :
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Mr C. E. Botley, Engineer of Hastings Gas Works,

employs what might be called an intermediary process,

the oil being introduced in the form of minute atoms,
which are carried along with the moving gas, and apparently
hold up the naphthalene. Anyhow it was definitely proved
at Hastings that this fog was carried two miles or more

from the works, and if these atoms of oil could be carried

to the end of the district, Mr Botley claims that naphthalene
troubles would cease.

The next idea of mark is C. Carpenter's reversible con-

densers (JournalofGas Lighting, iQth Nov. 1901). Some six

years prior to this paper Mr C. Carpenter brought forward

the idea for the removal of the surplus naphthalene contained

in crude coal-gas by means of a reversible condenser, in

which the deposit naphthalene thrown down upon the water-

cooled walls was dissolved by the hot tarry vapours of

the foul main gas, and run off through suitable seals into

the tar well. The condenser used was an old one
;

it pos-

sessed, however, two qualifications which were considered

important, i.e., it was vertical and water-cooled. In order

to effect the reversing of the current of gas, and make this

flow from left to right, or right to left, as desired, a special

four-way valve was fitted up. The experiments on this

apparatus proved successful, but apparatus too small, and

Mr Carpenter adopted the following : The new condenser

had capacity of 2 million cub. ft. per diem
;

it was decided

to adhere to water as the cooling medium in order to render

the reduction of temperature as far as possible independent
of atmospheric conditions. The vertical type was also

adopted, as a result of the satisfactory working of the

experimental apparatus, the facility which the vertical

afforded for the "
buttery

"
naphthalene to slide down to

the seal pots, and the further advantage that the drainage
of these more or less liquid products was independent of the

direction in which the gas was flowing in the apparatus.
The following is a description of the apparatus

used : It consists of two rows of seven steel pipes,
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27 feet long, formed into a horseshoe by a bridge piece
connection at one end. Within each of these pipes are

sixteen 2-in. tubes, running from top to bottom, screwed

into the bottom diaphragm separating the water and gas

spaces. The expansion of these tubes under the extremes

of temperature worked is about
-J inch, and the top ends,

therefore, after reduction in size to save friction, and also

to distribute the flow of water, work through stuffing boxes

carried in the upper diaphragm. The working gas valves

consist of two pairs of ordinary slide valves, each pair

geared together one open, one shut by means of a shaft

which carries two pinions operating the racks of the valve

in opposite directions. Two pairs of water valves are also

provided, but these work independently. Each pair of the

vertical condensing pipes drain into a double seal pot.

The consistency of the dissolved naphthalene is such that,

in order to maintain it sufficiently fluid, hot liquor must

be continually running through the pipe, which forms the

centre of the seal, and this precaution has been found

essential even during the heat of summer. Valves are pro-
vided to each seal so as to give access thereto in case of

stoppage, the condenser being worked under pressure on

the exhauster outlet.

The condenser had been at work some six months,
and since that time hardly a flake of naphthalene crystal

had been seen on the works or outlet main. The meter

overflow, which used to choke every few days, had remained

clear, and so on throughout the plant.

Naphthalene test on the outlet gas at station meter

showed from i| to 3^ grains naphthalene per 100 cub. ft.

The next paper on the subject is by Dr H. G. Colman

(appearing in the Journal of Gas Lighting for 3rd June

1902). Attention is confined in this paper to the separation
of the tar vapours from the gas, without consideration of

the condensation of the aqueous vapour, beyond stating

the view that its influence on the removal of naphthalene,
and the subsequent illuminating power of the gas, is only
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of subsidiary importance, as water does not dissolve, and
is not dissolved by the tar constituents to any considerable

extent, and its separation therefore takes place practically

as it would if no tarry vapours were present. The aim of

condensation may be defined as the reduction of the gas
to the atmospheric temperature, and the simultaneous

removal, as completely as possible, of all substances which

are not permanent gases at that temperature, with the

exception of the lowest boiling hydrocarbons (practically

benzene and toluene). Of these latter, it is desired to

keep in the gas the maximum quantity it is capable of

retaining at the lowest temperature to which it may be

exposed during distillation.

The idea in this paper was to separate the removal of

the heavy tar as soon as possible, and by keeping the gas
in contact with the light oil or tar fog containing minute

globules of light oil as long as possible.

The chief action is attributed to the action of the tar

fog ;
the conveying of the gas through a great length of

foul main at a slow speed is favourable, inasmuch as it

allows the condensation of much heavy tar which would

otherwise have reached the condensers, but the continuance

in the condensers of slow cooling is not advantageous,
inasmuch as owing to the low velocity of the gas, and the

longer time it is passing through the condensers, the light

oil fog is largely deposited and removed from further action

on the gas before it reaches the cold end of the condenser,

where its solvent power for naphthalene is greatest.

Hence, if these views are correct, it follows that, while

slow condensation up to a certain point is desirable, the

rate of cooling at the later stages must be sufficiently rapid
to carry the light oil fog formed at the inlet to outlet of

condensers. It is most important that the heavy tars have

been previously removed. If this is not the case quick
condensation will not effect the sufficient removal of naph-
thalene, but will also bring about the absorption of benzene

vapour, which would otherwise have remained in the gas,

L



1 62 NAPHTHALENE.

thereby decreasing the illuminating power. The mere

lowering of the temperature of the gas from 75 to 60 degrees
in the absence of solvents cannot, however, be expected to

effect much in the naphthalene, inasmuch as the quantity

present in the gas which has only been cooled to 75 degrees
is less in many cases than is necessary to saturate it at 60

degrees. The points to be considered are (i) the complete
removal of the heavy tar fog before the condenser

;
and (2)

ensuring the presence of a sufficient quantity of light oil

fog in the colder portions of the condenser. The first point,

the object is in part obtained by employing long foul

mains of ample size, but even when this is done, the gas
at the inlet of condenser still contains a fairly dense fog.

With the view of replacing these miles of main Dr Colman

employed a centrifugal separator modelled on the lines of

the well-known "
Cyclone

"
dust collector. The gas enters

through a pipe of oblong section at a tangent, thus bringing
about a rapid circular motion of the gas in the cone. Any
solid or liquid particles are driven by centrifugal force to

the circumference, and fall to the bottom, where they are

taken off direct to a seal pot. The outlet is at the centre

of the cone, so that the gas is drawn off at the point where

it is freed from suspended particles. The velocity of the

gas is controlled by a flap-valve at the inlet of cone.

The next process is the washing of the gas by solvents,

which absorb the naphthalene in the gas. There are two

or three different ideas as to the most suitable solvent for

this purpose. Messrs Young and Glover took out a patent
in 1897 for washing gas with oil for the removal of naph-

thalene, and were undoubtedly the pioneers who first put
this method before the gas industry. Since then both

Mr Coulson, of Leicester, and Mr F. Bell, of Derby, have

obtained success or freedom from naphthalene troubles by
washing gas with some solvent oil.

In July 1904, Mr Coulson, of Leicester, took out a patent
on these lines :

My invention consists in an improved solvent liquid
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capable .of removing naphthalene with certainty from illu-
.

minating gas obtained by distillation, and in a method of

preparing this liquid.

The raw material employed is coal-tar, or in general

any tar. Such tar is distilled as usual, and that portion
that comes over below 270 degrees Cent, is then further dis-

tilled to isolate the mixed oils, chiefly those having a boiling

point between 170 and 215 degrees Cent, and which contain

only a small quantity of naphthalene.
The oil thus obtained is capable of extracting naphtha-

lene from the gas rapidly and with certainty. The density
of the oil thus prepared is from 994 to 998, or even a little

heavier.

The washing of the gas is best carried out in some form

of washer.

Mr Coulson found that it required 0.08 gallon of the

solvent per i,ooocub. ft. of gas.

This process has met with complete success in Leicester,

completely removing all troubles caused by naphthalene

deposits.

Mr Bell's process is on similar lines, but his is a dual

process, as he first washes his hot gas with hot tar, and

then with heavy naphtha. He also claims complete
success.

These various processes are given as an indication of

the trend of opinion on how to remove the naphthalene

nuisance, but up to the present there does not appear to be

any universal solvent or method that will cure naphthalene
troubles in any town, for it is apparent that the process
that meets with success in one place may fail altogether in

another district.



CHAPTER X.

THE ANALYSIS OF FIRE-BRICKS AND
FIRE-CLA Y.

FlRE-CLAYS are clays which are capable of standing a

very high temperature without fusing. Such clays are

said to be refractory.

The composition of fire-clay varies, however ;
the follow-

ing Table gives the average analyses :

COMPONENTS.
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A good refractory fire-clay will contain nearly pure

hydrated silicate of alumina. The more alumina that a

fire-clay contains in proportion to the silica, the more

refractory will be that clay.

On a careful observation of these analyses, it will be

seen that the fire-resisting constituents are silica, alumina,
and that any heavy proportion of oxide of iron, or alkalies,

act as a flux and cause fusion
;

the clay is no longer

refractory.

The Method of Analysis. A quantity of the sub-

stance (fire-clay or fire-brick) is reduced to an impalpable

powder in an agate mortar. It is absolutely necessary, in

order to ensure the complete decomposition of the silicate,

that the powder should be so fine that there should be no

grittiness to the touch when it is rubbed between the

thumb and finger. The whole sample when thus ground
should pass through a sieve of fine muslin.

About 5 grams of the sample are dried in a platinum
crucible or dish at a temperature of 100 degrees Cent, in a

water bath until the weight is constant
;
the loss in weight

gives the moisture.

In the case of a clay it is ignited at first gently, and

then placed in the combustion furnace for a tolerably long
time. The loss in weight gives the combined water, organic

matter, and volatile constituents of the clay, if such are

present.

Silica (SiO2 ).
2 grams of the finely powdered sample

(dried) are weighed out in a fairly large platinum crucible,

and about six times its weight of fusion mixture added

(sodium and potassium carbonate mixed in molecular

proportions). The whole is intimately mixed by means of

a smooth rounded glass rod. The mixture should only
half fill the crucible. The lid is then placed on the

crucible, and the latter is then heated gently over a Bunsen

flame, the temperature is gradually increased, great care
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being taken that no loss ensues by the frothing due to the

evolution of carbon dioxide. When the mass is fused,

it is then heated by means of the blow-pipe, the heat-

ing is continued until all effervescence ceases, and the

contents of the crucible are in a state of quiet fusion.

When this is finished the crucible is allowed to cool down,
and when cold it is placed on its side in a beaker with

about 100 c.c. of cold water, great care being taken that no

impurities are conveyed into the solution upon the outside

of the crucible. The beaker is heated on a sand bath until

the " fusion
"

is detached from the crucible. Hydrochloric
acid is now gently added in small quantities at a time

(the watch glass being replaced between each addition),

until effervescence ceases, and no further precipitate of

gelatinous mass takes place. The crucible and lid are now
withdrawn with platinum-tipped tongs and rinsed into

beaker.

The mixture is now transferred to a platinum dish and

evaporated to dryness upon a steam bath, the gelatinous
mass being stirred at frequent intervals with a round glass

rod to prevent the formation of lumps. In order to expel
the last trace of HC1, the dish is transferred to an air

bath and heated to about 160 degrees Cent, for half an

hour. The residue is then moistened with a little HC1, and

is then heated on a water bath for about half an hour, more

HC1 being added as evaporation takes place. Hot water

is added and the silica is filtered off, and is washed free

from dissolved chlorides.

The precipitated silica is dried in the oven
;

it is then

ignited apart from the filter, the precipitate being trans-

ferred to the platinum crucible very cautiously, as, since

it consists of a very light powder, it is easily blown

away. The covered crucible is at first heated very

cautiously, and afterwards to a red heat, and weighed
until constant.

Alumina (A12
O3)

and Ferric Oxide (Fe2
O3).

The
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iron and alumina are precipitated together in the form of

hydroxide by the addition of ammonium chloride and

ammonia to the filtrate from the silica. They are separated
as under.

The precipitate is washed and dissolved upon the filter

with hot dilute HC1, and the solution allowed to flow into

a porcelain or platinum dish, which contains about 50 c.c.

of pure strong KOH solution. The filter paper is washed

with a small quantity of distilled water, and these washings
are allowed to run into dish.

The iron will be precipitated as ferric hydrate, while

the hydrate of aluminium will remain in solution. The

precipitated iron is filtered off and redissolved in HC1, and

reprecipitated by NH 4OH to free it from potash. It is

then washed, dried, and ignited apart from the filter at a

red heat, and weighed as Fe
2
O3

.

The solution of aluminium hydrate in the potassium

hydrate solution is treated with a slight excess of HC1,
and then with a slight excess of NH

4
OH. The precipitate

is then filtered off, washed and dried, ignited and weighed
as A1

2
O

3
.

Calcium. If the filtrate and washing from the iron

and alumina precipitate is large, evaporate down to about

150 c.c., add a little NH
4OH, and then a slight excess of

ammonium oxalate, filter, ignite, and weigh the precipitate.

From the result thus obtained, the percentage of calcium

oxide, CaO, is calculated.

Magnesium. The filtrate and washing from the cal-

cium oxalate precipitate is evaporated to dryness, ignite

the residue, and treat it with a little strong HC1, add water,

and filter if necessary. To the filtrate add NH 4OH in

moderate excess, and then an excess of a solution of

hydrogen disodium phosphate. Allow the liquid to stand

for a few hours, as the precipitate is a crystalline compound.
Its formation is accelerated by vigorously shaking in a
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stoppered bottle
;

filter off, wash precipitate with dilute

ammonium hydrate solution, then ignite it, and weigh the

Mg as Mg2
P

2
O

7
.

Potassium and Sodium. As sodium and potassium
carbonates have been employed in "opening up" the

silicate, it is obvious that the alkali metals cannot be

estimated in a solution so obtained.

A separate portion of the substance must accordingly
be used for their determination.

Weigh out 2 grams of the finely powdered substance

into a platinum crucible. Well mix it with about six

times its weight of pure calcium carbonate, and its own

weight of pure ammonium chloride. The platinum crucible

is placed in a clay crucible containing a little lime or

calcined magnesia at the bottom and round the sides. The
whole is now placed in a furnace, and maintained at a

bright red heat. This heat is maintained for one hour.

The crucible is now withdrawn, allowed to cool, then place
the platinum crucible and contents in hot water in a covered

platinum or porcelain crucible or dish, and boil for a time.

The crucible is now withdrawn and rinsed, and the liquid

is filtered, the residue being well washed. The solution

now contains the alkali metals in the form of chlorides,

is freed from any lime salts which have dissolved by the

addition of ammonia, ammonium carbonate, and ammonium
oxalate. The precipitate is filtered off, evaporate filtrate

to dryness with a few drops of HC1 in a weighed platinum
dish

; finally raise to redness. The residue is now gently

ignited and weighed until the weight is constant. The

weight thus obtained gives the combined weight of potas-
sium and sodium chlorides.

In order to estimate the relative proportions of the

potassium and sodium chlorides, the residue is dissolved in

a very small quantity of water, and the potassium precipi-

tated by the addition of an excess of platinic chloride

solution. Adding a few drops of hydrochloric acid the
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mixture is now evaporated on a steam bath until it becomes

semi-solid.

Alcohol is now poured on the mass, and the liquid

gently shaken round in the dish, so as to well mix the

contents
;
the precipitate is allowed to settle completely,

and the liquid poured off through a tared filter paper.
The precipitate in the crucible is washed with alcohol two

or three times
;
the undissolved precipitate is now transferred

to the filter by means of a small wash-bottle filled with

alcohol. The precipitate is washed with alcohol until the

washings are no longer coloured. The filter is then with-

drawn from the funnel, folded, and placed between a pair
of watch glasses, and dried in the oven at 100 degrees

Cent, and weighed as 2KClPtCl
4

. On deducting the

weight of potassium chloride so obtained from the weight
due to the mixed chlorides, the proportion of sodium

chloride is found.

Specific Gravity, Volume Weight, and Porosity.
In the Society of Chemical Industry Journal, I5th February

1906, p. 1 02, Dr E. A. Wagstaffe, in a paper entitled
" Chemical and Physical Valuations of some Clays and

Shales for Brickmaking, chiefly from East Cheshire,"

gives the following :

The weight of the briquette having been ascertained,

the briquette was soaked in water for twenty-four hours,

taken out, and the surface water removed with a dry cloth.

The increase in weight gives the amount of water absorbed

by the briquette, i.e., the amount that fills the pore spaces.

The volume of the briquette is determined by displacement
of water. The volume may also be determined by measure-

ment, provided the briquette has not suffered any unequal

contraction, whereby the shape has become distorted.

Then if the weight of the briquette in grams is w, and

the increase in weight due to absorption of water is /,

and the volume in c.c. displaced when water saturated

is v
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the specific gravity
= -

,

the volume weight = ,

v

porosity =
20

Analysis of Weldon Mud. This material for gas

purification was brought before the gas world by J. J.

Hood and A. Gordon Salamon in a paper entitled
" The

Application of Weldon Mud to Gas Purification," read

before the Institute of Gas Engineers, and published in the

Transactions of that Institute for 1893.

In this paper the authors say : The material is that

which is known to the alkali industry as Weldon mud,
a compound consisting essentially of hydrate oxide of

manganese.
It is affirmed, as a great recommendation of Weldon

mud, that the spent material can be regenerated upon an

economical basis for further use in gas purification. Theo-

retically there should in this process be no loss of the

manganese constituents of the Weldon mud.

It is worked through a cycle, viz., manufactured, next

employed in the removal of sulphur, and when sufficiently

saturated, submitted to regeneration.

During this latter process it parts with all its sulphur,

and as a result of the regeneration it is restored to its

original condition, and is ready for further use by the gas

engineer. Its regeneration being economical, the authors

assert that it will be found, when worked under the best

conditions, to compare favourably in price with other gas-

purifying materials.

The Weldon mud was found to be a sharp and powerful
absorbent of sulphuretted hydrogen, and that the sulphide

of manganese resulting from such absorption could be

revivified in situ by the admission of a regulated sufficiency

of air.
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It was found that Weldon mud required about i.o per
cent, of atmospheric air for revivification in situ, and that

when this quantity was admitted it remained active for

some considerable period. If the Weldon mud be in a

position where condensation is a matter of certainty, it will,

by virtue of its physical structure, absorb the water thus

condensed, and when saturated may have to be taken out

in a wet and sloppy condition.

If the mud thus removed be spread in thin layers, and

freely exposed to the action of the air it will dry, and can

be broken, &c., and will then be active for further sul-

phuretted hydrogen absorption.
The analysis of a sample of Weldon mud works out as

follows :

Water 40.60 per cent.

Manganese dioxide 29.80
Calcium carbonate - 10.60

Calcium chloride 3.01
Calcium sulphate 2.64
Calcium hydrate 3.01
Loss on ignition 9.80
Fe9O3 , MnClo, &c. 0.54

IOO.OO

Great care must be given in taking a representative

sample of Weldon mud
;

it should fill the bottle completely,
be well corked and sealed, if not, owing to various changes
in temperature, small globules of water will separate out on
to the sides of the bottle. It is only usual to analyse the

sample for the amount of water, and for the manganese
dioxide. The samples usually contain from 40 to 46 per
cent, of water, and from 25 to 32 per cent, of manganese
dioxide. The moisture is estimated in the usual manner

by drying in a water bath at 212 degrees Fahr. until a con-

stant weight is obtained, twenty-four hours being generally
sufficient for this purpose.

For the estimation of the manganese dioxide the avail-

able oxygen is the oxygen which can be made use of for
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oxidising purposes, when the ore is decomposed by an acid.

The method used is where the evolved oxygen is used in

oxidising a ferrous salt
; therefore, if a known quantity of

Weldon mud be dissolved in sulphuric acid, in the presence
of a known quantity of ferrous salt in excess, and if the

amount of the ferrous salt which remains unoxidised be

then determined by means of a decinormal permanganate of

potash solution, the quantity bf iron oxidised, and therefore

the amount of manganese dioxide, can be calculated.

N
The permanganate solution is made as usual, and

the iron solution is prepared as follows : 100 grams of

pure, dry, clean crystallised ferrous sulphate are dissolved

in distilled water, to which is added 100 c.c. of pure con-

centrated sulphuric acid, and the total made up to 1,000 c.c.

at 60 degrees Fahr. with distilled water. The exact strength
of this solution is ascertained by titrating 20 c.c. with the

decinormal permanganate. If the ferrous sulphate is pure
and unoxidised it will require 72 c.c. of the decinormal per-

manganate to oxidise the 20 c.c. The exact amount of
.

>"

permanganate required is noted
;
this must be carried out

for every test, because the solution will oxidise even when

kept in very closely stoppered bottles.

0.5 gram of Weldon mud is now weighed out, washed

into a small beaker, and 20 c.c. of the iron solution added.

The whole is now boiled until all the Weldon mud is dis-

solved, being aided if necessary by breaking the lumps with

a glass rod (flattened at one end) against the bottom of the

beaker. When the mud is completely dissolved the solu-

tion is titrated with the decinormal permanganate, and the

volume of the latter required for oxidation noted.

Example
N

20 c.c. of ferrous sulphate solution required 71.6 c.c. per-
10

manganate solution for oxidation.

0.5 gram Weldon mud dissolved in 20 c.c. of ferrous
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5th 6th
yth.

FIG. 39. CHART SHOWING SULPHUR (DRY BASIS) ABSORBED BY WELUON Muu.
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sulphate solution required 43.10 c.c. of decinormal permanganate
solution.

Therefore 71.6
-
43.1 =28.50 c.c. permanganate.

10

Therefore, as i c.c. of decinormal permanganate is equivalent
to 0.00435 gram of manganese dioxide, then the 0.50 gram
Weldon contains 38.5x0.00435x200 = 24.795 per cent, of

manganese dioxide.

Sometimes there is a slight difference in the analyses

done by various people ;
if the analyses are calculated on

the dry basis it will be found that they generally agree. It

is usual to do at least two samples of Weldon mud, and

they must agree to 0.20 per cent, if not, a third must be

done.

If the affinity of a sample of Weldon mud for sul-

phuretted hydrogen is required, it is carried out in a similar

manner as that described under oxide of iron.

The chart on previous page shows the percentage of

sulphur which is usually absorbed by Weldon mud with-

out the addition of oxygen (in the form of air) for revivi-

fication in situ, the revivification being carried out separately

for each fouling.

Analysis of Spent Oxide. This method is based on

the fact that free sulphur is dissolved by bisulphide of

carbon. This bisulphide is evaporated off, and the sulphur
is left behind in the solid form, in which state it may be

weighed.
It is necessary to remember that carbon bisulphide will

only dissolve the free sulphur, and it is advisable to spread
some of the sample out to the air for complete revivification

before proceeding to extract the sulphur.

Carbon bisulphide only imperfectly dissolves sulphur in

the presence of water, so that the sample must be dried

at 212 degrees Fahr. first. The apparatus employed is

shown in Fig. 40, and was designed by Mr A. Stephenson
of the Gas Purification Company.
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50 grains of spent oxide are weighed out on a tared

watch glass, and dried at 212 degrees Fahr. for moisture.

This is weighed until the weight is constant and gives the

moisture in the sample. Another 50 grains of the material

which was placed out for complete revivification is dried in

the oven. This does not give the true moisture, as it may
have dried whilst laying out. This sample is carefully placed
in tube A on the top of a layer of cotton wool. After

putting in the dried oxide more cotton wool is put in on top.

Bisulphide of carbon is blown from bottle B into test-tube

A on top of the spent oxide. The CS
2 gradually percolates

FIG. 40. APPARATUS FOR ESTIMATION OF SULPHUR IN SPENT OXIDE OR WELDON MUD.

through the material, dissolving the sulphur in its course,

finding its way into flask C (which has been previously
dried and weighed). The flask C is placed in a copper
water bath which is kept boiling by the Bunsen burner.

The CS
2

is driven off and is condensed in its passage

through the condenser, and is recovered in the liquid state

in flask D. The recovered CS 2
can be used over and over

again. The sulphur remains behind in flask C. The
oxide is well washed with CS 2

until free from sulphur,
and when the sulphur is solid in the flask C it is discon-

nected and put into a water bath for three or four hours



ANALYSIS OF FIRE-BRICKS AND FIRE-CLAY.

to eliminate the last traces of CS
2

. Place in desiccator and

weigh when cold. The increase in weight X2 = percentage
of sulphur on wet basis.

It should be remembered that CS.
2

is very inflammable,

and in the gaseous state, when mixed with certain per-

centage of air, highly explosive. The bisulphide should

always be covered with water.

Another method for extraction

of sulphur is by the ordinary
Soxhlet apparatus. A most use-

ful adaptation of this is shown in

Fig. 41. The only other com-

pound required to be estimated in

spent oxide is the total ferro-

cyanide. This is not usually

extracted in the oxide in this

country, but sometimes it is. The
method is as follows :

A weighed portion, say 10

grams, of the spent oxide is well

powdered in a mortar, and is

digested with a strong solution

of caustic soda boiled, and the

solution filtered off. The total

ferrocyanide can be estimated in

F,G. 4 i. -SOXHLET APPARATUS m'^Y manners (i) by precipi-
K K THE ESTIMATION OF SUL- tating as Prussian blue as given
PHUR IN SPENT OXIDE OR i / \ i

WELDON MUD. m cyanogen analysis ; (2) by
zinc sulphate ;

or by the follow-

ing method : The caustic soda solution is evaporated to

dryness, with sulphuric acid in excess. The residue is

dissolved in dilute sulphuric acid, filtered, and the iron in

the filtrate reduced by zinc.
N

Titrate with potassium
10

r

dichromate.

From the amount of iron so found the amount of

Prussian blue can be calculated.



CHAPTER XL

PHOTOMETRY AND GAS TES TING.

THE art of photometry is the art by which the ratio

between the amount of light emitted by two sources is

ascertained.

The first law is
"
Kepler's Law of Inverse Squares,"

which is that "the quantity of light falling on a given,

surface varies inversely as the square of the distance from

the source."

The second law is
" Lambert's Cosine Law,

1 '

which,

however, is only approximately true, and is that " the in-

tensity of illumination which is received obliquely, is pro-

portional to the cosine of the angle which the luminous

rays make with the normal to the illuminated surface."

The third law is the " Generalised Photometrical Law "

which is that e =
2-, where e is the light falling on a

given surface, I the intensity of the source, 6 the angle
of incidence of luminous ray, and d the distance of the

source from the screen.

Now with these three rules, which form the basis of

all photometrical works, no further study of physics is

absolutely necessary for the comprehensive study of

photometry.
In the early days of photometry the standard of light

was the sperm candle of six to the pound, each burning
1 20 grains per hour. Few candles burn at this exact rate,

and in practical photometry a correction is made for the

M
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amount of sperm consumed, either more or less than this

amount.

Numerous other standards have been proposed during
the last few years, and the official standard of light is

now Mr Vernon Harcourt's lo-candle pentane standard

lamp.
This lo-candle pentane

lamp is one in which air is

saturated with pentane va-

pour, the air gas so formed

descending by its gravity to

a steatite ring burner. The
flame is drawn into a definite

form, and the top of it is

hidden from view by a long
brass tube, in which the air is

warmed by the chimney, and

so tends to rise. This creates

a current, which, descending

through another tube, supplies

air to the centre of the

steatite ring burner. No glass

chimney is required, and no

exterior means have to be

employed to drive the pen-

tane vapour through the

burner. (Complete particulars

are given in Appendix A.)

The next standard of

FIG. 42.-METHVEN SCREEN. light substituted for the old

sperm candle is the Methven

screen, modified forms of which are used where officialism

does not stipulate for the use of the Harcourt standard.

The invention originally appeared about 1878, and is the

invention of Mr John Methven of the Gas Light and Coke

Co. In a communication to the meeting of the Gas Insti-

tute in June 1882, Mr Methven described a modified form
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of this standard. This consisted of a standard Argand
burner consuming coal-gas enriched by the vapour of

pentane. A screen allowing only the light from a small

portion of the flame to pass through was used.

The flame of the standard Argand used was regulated
to a height of 2\ in., and the dimensions of the slot were

altered from his original form to suit the shorter and

more luminous flame. The dimensions given by Mr
Methven are in the above paper, being about 1 5 mm. high
and about 8 mm. wide, and the light was to be taken from

a portion 24 mm. above the burner. Heisch & Hartley
issued in 1883 a very favourable report on the Methven

FIG. 43. GRADUATED BAR WITH CARRIAGE. "

screen as a method of obtaining a convenient standard light.

The height of the flame should not deviate from the normal.

As will be seen from the illustration, the Methven

screen has two bars for adjusting the height of the flame,

and two slots. The lower bar and smaller slot are for use

on carburetted coal-gas, and the higher bar and larger slot

for use on uncarburetted coal-gas.

The carburettor, which must be perfectly air-tight,

consists of a metal box with inlet and outlet pipes, both

provided with taps ;
there is also a by-pass between the

inlet and outlet pipes, likewise furnished with a tap, so that

the gas can be supplied to the burner either carburetted

or uncarburetted.
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Photometrical Testing. The photometrical room
should be of convenient dimensions. It should be well

ventilated and free from draughts, not subject to vibra-

tions, and should be maintained as near as possible to a

temperature of 60 degrees Fahr. as circumstances will

permit. The walls of the room should be coloured

dull black, but need not necessarily be black all over, but

should preferably be of a dull colour.

The apparatus consists generally of what is known
as the Letheby-
Bunsen Photometer

(except where the

Referee's apparatus
is used, see Ap-
pendix A.).

The complete

apparatus consists

of a candle balance

or some other stan-

dard, Bunsen disc

box or Simmance-

Abady "Flicker" at-

tachment, Argand
burner for testing

gas under consider-

ation, meter, gover-

nor, &c., as shown in

figure.

When using the candle balance, the Gas Referees

assume that the illuminating power of a candle varies

strictly as the rate of consumption of the sperm for varia-

tions of not more than 6 grains per hour above or below

the normal rate, i.e., if the rate of consumption of a candle

exceeds 126 grains, or falls short of 114 grains per

hour, any test made under these circumstances must be

discarded.

FIG. 44. BUNSEN REVERSIBLE Disc Box
WITH MIRRORS.
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The Candle Balance. The method of working the

candle balance is as follows : A candle is cut in half and

fixed in the clips provided ;
this is best done by laying the

candle on a clean level surface, and rolling it under the

edge of a sharp knife. Cut away half an inch of sperm
from the top of the lower half, and the same from the

bottom half- of the other, reduce the wicks to half an inch

in length. The candles are now ready for burning, and

FIG. 46. CANDLE BALANCE.

should burn at least fifteen minutes before testing. The
wicks of the candles should bend away from each

other.

Put weights in candle pan of balance until candles are

slightly heavier than counterbalance. As the burning of

candles makes them lighter than the counterbalance, the

pointer will move over indicator, and as it passes the zero

mark on indicator start the test clock. Gently lower beam
until both pans are at rest, and then add the 40 grains

weight to the candle end, and gently lift beam so that

balance is once more in action.
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Make readings on bar by adjusting disc box until the

grease spot is equally indistinct on either side, and note

down reading. Ten observations are made, one at the

beginning of each minute.

Example
ist minute 8.2

2nd 8.3

3rd 8.4

4th 8.5

5th 8.0

6th 8.2

7 th 8.4
8th 8.3

9th 8.2

loth 8.2

82.7

The disc is reversed at end of 5th minute to balance any
possible inequality in the two sides.

Divide 82.7 by 10 = 8.27.

After the tenth reading watch candles very closely,

and directly the pointer begins to move, be prepared
to stop the clock directly the pointer passes zero mark

on indicator (showing that 40 grains have been con-

sumed), stop clock and note time, say 9 minutes 45

seconds.

In this test the gas under observation is always
burnt at 5 cub. ft. per hour, so that it only requires an

occasional glance to ascertain that this rate is constant,

which is an easy matter
;
but say the consumption is

a little fast, viz., 5.1 cub. ft, we now have the following

data :

1. The time taken to burn 40 grains 9' 45"
2. Average reading of candle power 8.27

3. Gas consumption - 5* 10
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The working of the result is :

8.27

16.54

5

5.1)8270(16.21 candles at 5 cub. ft. per hour.

3 1 ?

.306

. 1 10

.102

.80

Corrected average for gas= 16.21

Time due to 40 grains consumption in seconds = 600

9726.00

Time actually occupied 9' 45" = 585 seconds.

Then

585)9726.00(16.62
f 535

.3876

3510

.3660

-35 10

.1500

16.62 -r- Tabular number, correction for temperature and pres-
sure = 1.036.

1036)16.62(16.04 equals corrected candle power.

10.36

.6260

.6216

.4400

Therefore the correct illuminating power of the gas tested is

16.04 candles at the 5 cub. ft. per hour rate.
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For using the Methven screen or Harcourt standard

fitted to this type of photometer the method can either be

on the 5 cub. ft. per hour rate, or on the i6-candle basis.

The 5 cub. ft. per Jwur rate. The gas is burnt at the

rate of 5 cub. ft. per hour, and readings are made on bar

by adjusting disc box as before, and in the case of Methven
screen (being a 2-candle standard) multiply readings by
2 and correct for N.T.P.

Sixteen-CandU Basis. The disc box is set at the figure

8, and the gas is regulated so that the grease spot is

equally indistinct on either side, then the minute clock is

started, and the rate of consumption taken.

Example
Disc set at 8.0, rate of consumption 5.1 ;

then

5.1)8.000(15.68 candles.

and 15.68-^1,012 (Tab. No.) = 15.49 corrected candle power.

The complete method of gas testing as required by the

Gas Referees is given in the Appendix A.

The " Flicker" Photometer. Patent No. 4,693, 28th

February 1903, by J. F. Simmance and J. Abady.
In the specification it is set out that careful investiga-

tion and experiments have proved that the physiological
causes of the little known optical phenomena described

herein have been hitherto misunderstood, and attempts to

utilise them in photometry have in consequence been

abortive. The blurring, flickering, or throbbing effect pro-

duced upon the eye by the rapid alternation of rays from

the light under test and a comparison light (each of a

distinct tint and intensity) is caused by the anxiety of the

nerves controlling the dilation and contraction of the pupil

to fulfil their office, whilst the effort to do so is frustrated

by the rapid changing. The relief afforded by the arrival
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at equal intensities of the two lights signals unmistakably
the point when such equality has been reached.

To arrive at the comparative intensities of light it is

usual to allow rays from one of unknown power and also

one of known power to fall upon a prepared surface, and

there to compare the illuminating effect, which, however,

presents difficulties when the lights are of different tints.

They propose, therefore, to interpose between the lights

and the illuminated surface an' arrangement which will, at

will, cut off the rays of either light, but not both entirely,

or else portions of each light can be obscured, leaving only
visible on the illuminating service the part where the two

rays come in contact. Thus a suitably slotted plate will

allow both beams to fall side by side if the receiving
surface is at the proper distance from the slot, while by
moving the slotted plate either light can be shut off and

the receiving surface only receives the ray from one. Thus
with two lights, one red and one blue, the slotted plate

placed at one extremity of its slide will let fall upon the re-

ceiving surface a beam of, say, red. Moving the plate slowly
across the field the blue ray enters and the two colours are

side by side. A further movement in the same direction

and the field is entirely blue. It is found that the eye is

only sensitive to these changes of colour when the plate is

moved comparatively slowly ;
when moved rapidly to and

fro only a blurred image with a throbbing effect is ex-

hibited. This only results when the lights are of unequal

intensity. When equally intense the two colours blend

into a homogeneous tint and no throbbing is shown. Thus
relative intensities of compared lights can be estimated

either by simply comparing the two lights side by side on

a receiving surface and this only yields accurate results

when the lights are nearly, or of, the same colour, and does

not in any way eliminate the personal "error" or by

causing the cutting-off plate to oscillate at a suitable speed,

which enables the relative intensities of lights of widely

differing colours to be estimated with certainty. A finger



SIGHTING WHEELS. I87

of wood or metal (moved in front of the receiving screen

so as to cut off each light alternately) acts in the same

way as the slotted plate, or a wheel with suitable vanes

revolved has the same effect. In these instances the

rays of light pass direct from their source to the eye, or

rather to the intervening translucent screen or receiving

surface.

FIG. 47. SIGHTING WHEELS FOR SIMMANCE-ABADY'S "FLICKER" PHOTOMETER.

The above sketch shows a series of spare sighting

wheels for Simmance - Abady's
" Flicker

"
photometer.

When the lights are unequal the disc (one of the wheels

above) shows a rapid throbbing, but when the intensities

are equalised, the disc becomes a clear, steady blend of the

two colours. It was found that with lights of the same

colour the arrangement affords means for a very delicate

test, and until the two lights are equal in intensity the

throbbing or flicker effect is very marked, which ceases on

equality being obtained.
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Fig. 48 shows the flicker photometer head adapted
to an ordinary photometrical bar A, sighting tube

; B,

box containing wheel (as shown in previous figure), divided

quadrant ;
and it also contains a spring motor, stopping,

starting, and speed regulating lever, sighting lenses or

FlG. 48. SlMMANCE-AUAUY "FLICKER" PHOTOMETER HEAD.

angle finder. The method of use is simple. The white

screen is allowed to revolve (the speed is adjustable). A
portion of the wheel is viewed as a disc (focussed by the

telescope to suit observer). When the lights are unequal,
a "

flickering
"
effect is observed. When equality has been

obtained, the flickering ceases, and a clear, apparently
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motionless disc is observed. Any difference in colour

between the contrasted lights is immaterial.

Street Photometry. The photometer consists of a

triple chamber of mahogany containing (i) a Simmance &
Abady "Flicker" head angle form, (2) a brass screen with

variable opening, and (3) a pentane burner with automatic

carburettor. The flicker head has already been de-

scribed, and by its means the angle of light can be found.

The pentane flame is fed with pentane air gas by gravity
from the carburettor, and burns to a fixed height quite

steadily and undisturbed by outside conditions. The brass

screen divides the flame from the flicker head, and its

two shutters, meeting at a line central with centre of disc,

are capable of being opened and closed by means of a

handle with divided drum outside the central portion of

box. The adjustment can be made and read to ^V milli-

metre, and alters the light falling upon the disc by as fine

an adjustment as Tinnr f a ft candle, the maximum light

being nine foot candles.

The divisions on the divided drum of handle are I in.

per mm., running on a spiral, and can easily be read by

light reflected from the pentane lamp by a mirror provided
and set at a suitable angle. The photometer head itself is

provided with shield from extraneous light.

To make a test with the above photometer put down
view finders and shutters of flicker, adjust pentane flame

to proper height (by coincidence of tip of flame with the

height mark), start flicker, having wound the clock.

Observe the flicker, and turn the handle with divided

drum. This will vary the orifice in front of the pentane

flame, and when the flicker disappears take a note of the

figure on drum coincident with the arrow indicator. Make
as many readings at each angle as the type of lamp necessi-

tates
;
with a steady light one reading suffices, a flickering

arc requires, perhaps, a dozen
;

in each case make a note of

the figure upon the divided drum. Measure the distance
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from source of light to centre of flicker disc
; if, as is

generally the case, this is impracticable, then note firstly

the angle (not the halved angle), and either the length of

perpendicular or base line, as explained. This gives the

distance from the light to the disc. You thus have the

following particulars :

1. (a.) Distance of light from flicker disc in feet.

($.) Condition which created a balance, *>., either

extent of opening of shutter, or voltage of electric lamp or

both.

The remainder of the test is made in the laboratory or

photometrical room afterwards, as follows :

2. (a.) Place photometer on the saddle provided, which

travels on base board provided.

(.) Reconstitute the conditions by opening shutter as

it was at test, or regulating lamp to same voltage, or both.

(c.) Light the Simmance I -candle standard supplied,
and place it at a suitable distance from, and in line with,

centre of flicker disc.

(//.) Turn this latter to horizontal, and move photometer

(on its saddle) until equality is obtained.

Measure distance from I -candle standard to flicker

disc.

You thus obtain, in lieu of I (), the distance in feet at

which a candle must be held to balance the light at the

particular angle tested. Q.E.F.
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SlMMANCE AND ABADY'S PATENT ILLUMINATING EFFECT
PHOTOMETER.

Table giving multipliers or factors for different angles, which

factor, when multiplied by the square of the base line, gives
the square of the distance from the light under test to the

disc.

Angle.
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The following diagrams will make this clear :

A is the source of light.

AC is the length of column.
CD is the ground line.

EC is height of photometer centre ground.
E is point where reading of I. P. was taken.

BAE is an angle of, say, 60 degrees.
BEA is therefore an angle of 30 degrees.

AED, representing the light ray, is the "
light at an angle of

30 degrees" (FAE).

FIG. 49. DIAGRAM.

Now you will have obtained the following data for each

angle :

The distance AE in feet let this = a.

The distance in feet at which a candle is held to balance the

light of A at E let this = b.

Then

The illuminating power (I.E.) of A in the direction AED

fa\
2

15

(IJ :

The illuminating effect at E is either simply b, without

IP I

any further calculation, or else either -^ or
-^ ;

both these

yield, of course, the same figure.
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The following Tables give factors for calculating spheri-

cal and hemispherical intensities, and are from a paper
read by Jacques Abady entitled

"
Light Measurements "

:

MEAN SPHERICAL INTENSITY (reading every 10).

LONGITUDES.



194 PHOTOMETRY AND GAS TESTING.

MEAN SPHERICAL INTENSITY (reading every 15).

LONGITUDES.
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MEAN SPHERICAL INTENSITY (reading every 30).

LONGITUDES.
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MEAN HEMISPHERICAL INTENSITY (reading every 15).

LONGITUDES.
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The heating value of gas has been brought more to the

fore of late years, owing to the large amount of gas that is

used for heating purposes, such as cooking, also that now
the incandescent mantle is uniformly used, and that the

light obtained from these is due to the heat derived from

the gas on combustion. It is important for the gas engineer
to be able to ascertain the heating or calorific power of his

gas. The standard of heating value of a gas is taken as

follows :

A calorie is the amount of heat required to raise I kilo-

gramme (i litre) of water I degree Cent.

A British thermal unit (B.Th.U.) is the amount of heat

required to raise I Ib. of water I degree Fahr.

Calories per cubic foot are the number of kilogrammes

(litres) of water raised through I degree Cent, by the com-

plete combustion of I cub. ft. of gas, corrected in volume

to normal temperature and pressure. On the metric system
it is expressed as calories per cubic metre, and is the

number of kilogrammes (litres) of water raised through
i degree Cent, by complete combustion of I cubic metre of

gas.

British thermal units (B.Th.U.) per cubic foot are the

number of Ibs. of water which can be raised through I degree
Fahr. by the complete combustion of I cub. ft. of gas. , This

formula is generally used in this country, although, owing
to the convenience attained by the coincidence of kilo-

grammes and litres of water we use the metric water

measure and the Centigrade thermometer, and calculate

our results first in calories and then into B.Th.U. by multi-

plying by the factor 3.97.

To convert calories per cubic foot into B.Th.U. per cubic

foot, multiply by 3.97 (3.968).

To convert calories per cubic foot into calories per cubic

metre, multiply by 35.316.

To convert B.Th.U. per cubic foot into calories per cubic

metre, multiply by 8.9.

There are three or four well-known instruments on the
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market by which a calorific test can be made. These

are :

(i.) The Simmance-Abady Patent Calorimeter for Gas.

FlG. 50. SlMMANCE-AbADY GAS CALORIMETER.
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(2.) The Junker Calorimeter, invented by Herr Junker
of Dressau.

FIG. 51. SIMMANCE-ABADY CALORIMETER SECTIONAL ELEVATION.

(3.) The Boys Calorimeter, devised by Professor C. V.

Boys, F.R.S., which is now the official instrument, and is

described in the " Gas Referees' Notifications."
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I. The Simmance-Abady Patent Calorimeter for Gas.

The description of the apparatus is as follows, and can

easily be seen by the accompanying illustrations:

A cylindrical vertical form is adopted, and the water

enters at A and passes through the fine adjustment cock

B. On its entry it fills to a certain height the tube C ;
the

height of the water is denoted by the Erdmann float. It

will be found convenient to mark the height of the water

in tube C. A small rubber band sprung round it is most

convenient, and the water should be turned on till this

level is reached, and during all tests, and each time the

three thermometers are read the regularity of the water

level should be verified.

After rising in the water gauge the water flows through
the thermometer chamber D, thus giving the inlet tempera-
ture. From thence it fills a water jacket enveloping the

whole body of the calorimeter, and which is in its turn

covered with a sheet of non-conducting material and

lagged closely with polished wood strips, and thus is pre-

vented all loss by absorption or by radiation.

From the outer jacket chamber it passes down E into the

calorimeter at the bottom of the cylinder, and rises up in

an annular double skin
(as

shown by arrows), one side of

which is exposed to the products of combustion at their

point of exit, taking out from them the last degrees of

heat left, whilst the other is the wall of the jacket

chamber.

From this point the water flows into a second chamber,

entering it, as in the case of the first chamber, at the

bottom, being conveyed by tubes from the top of the first

to the bottom of the second. Here it is in contact with

the products of combustion at an earlier stage of cooling.

A third chamber brings it nearer the source of heat, and at

this point it envelops the flame itself. Being warmed by
its previous progress, it does not cause the violent absorp-
tion of heat from the flame which would occur were it

absolutely cold, and thus the structure of the flame is pre-
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served, and there is no sudden condensation (to water) of

products.

Finally the water mounts into the receptacle H, immedi-

ately above the flame, and receives the full first heat. In

this chamber is inserted the outlet thermometer;, and from

thence the water passes through K to the measuring cham-
ber M, or when the apparatus is not in use to waste by L.

The flame is situated in the centre, well up in the calori-

meter (the burner is constructed on the Bunsen principle,

i.e., non-luminous), in a chimney consisting of walls of

water in thin copper skins. The heated products strike

straight up to the top water chamber, which is filled with

the hottest water, and so practically no condensation takes

place at this point. Spreading out under this top chamber

G, they reach the top of the outer water wall F, and
there are suddenly and violently cooled, and here the

greatest deposit of condensed water is made. The pro-
ducts find themselves over the duple passage between the

first and second, and second and third annular water

chamber, and being unsupported and constantly increasing
in weight, drop rapidly down PP, lapping over the cold

surface in a clinging film. By the time they reach the

bottom they are at the atmospheric temperature, and flow

out through Q into measuring chamber R.

Thus we have admitted water at a given temperature,
and warmed it to a certain extent by the combustion of a

known quantity of gas, the heat of which gas has been

entirely expended on the water (all exterior parts of the

calorimeter being at the temperature of the ingoing water

and absolutely no heat being lost), so that all the heat is

carried off by the waterflow and registered. The products
of combustion must be at the atmospheric temperature,
and this is ascertained by the thermometer placed in the

outlet, but not in the condensed water.

The why and wherefore of making a deduction for

the amount of water condensed need not be discussed

here, sufficient to say that it is done.
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We will say that the combustion of TV of a cub. ft.

of gas has caused the condensation of 1.8 cub. cm. of water.

Now, the latent heat of steam is 538 calories, i.e., to evapo-
rate I litre of water from boiling point to steam has

absorbed as much heat as would have raised it 538 degrees
Cent, without increasing its temperature. Therefore in

reducing steam to i litre of water at 100 degrees, 538
units would have been liberated, and in bringing this down
to atmospheric temperature a further 85 units should be

added.

We have collected 1.8 c.c. or .0018 of a litre of con-

densed water, which therefore represents eighteen hundreds

of 623 units=i.i224 for TV of a cub. ft., which (multiplied

by 10 and deducted from the gross calories) gives us the

net calories per cub. ft.

This calculation can be saved, by multiplying the

number of c.c. of water condensed by .6.

Example

Temperature on inlet 15.6 Cent.

outlet - 26.8

outlet products 15.6
Gas passed, cub. ft. - o. 10

Air temperature
-

15.6 Cent
Gas temperature

-
15.6

Water collected 1,230 c.c. or 1.230 litres.

1.230
Difference in temperature = 11.2

2460
1230

1230

137.760 gross calories per cub. ft.

Water condensed =1.8 c.c. x 0.6 = 10.8 calories to be de-

ducted from gross
= 137.76

- 10.8= 126.96 net calories per cub.

ft. = 126.96 x 3.97
= 503.63 B.Th.U (net) per cub. ft. at N.T.P.



THE JUNKER CALORIMETER. 2O3

2. The Junker Calorimeter. This calorimeter is on
the same principle as the Simmance-Abady, the gas under

experiment is burnt (in a Bunsen burner) in a combustion
chamber formed by an annular copper vessel, the annular

space being traversed by a number of copper tubes which
connect the roof with the bottom chamber.

The average calorific value of the various Gas Com-
panies given in the Gas World for 2nd March 1907 are :
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The products of combustion pass through these tubes

in a downward direction, whilst a current of water

ascends outside the tubes in an opposite direction. By
this arrangement all the heat given out by the com-

bustion of the flame is absorbed by the water, and the

spent gases, together with condensed water, pass out

through the side conduit at the temperature of the room.

For the flat flame test, Bray's No. 7
" Economiser

"

over Bray's No. 4
"
Regulator

"
as prescribed. The figures

are taken from the weekly sheets, irrespective of the

testing station at which they were obtained, and the average

figures are the result of averaging the weekly averages of

all the testing stations. The average is not a true one,

but may be taken as fairly accurate.

The prescribed illuminating power for the Gas Light
and Coke Co. is sixteen candles, and for the other two

companies fourteen candles.

The calorific power of some of the principal gases

expressed in B.Th.U. are :

Uncarburetted water-gas from - 270-296
Carburetted water-gas of 21.9 candles - 624

Coal-gas 1 6 candles (No. 2 London Argand)
- - 580

The calorific values of each of the combustible con-

stituents of coal-gas, assuming that none of the steam

resulting from the burning of the hydrogen is condensed

to water, are :

Calories per cubic foot.

Hydrogen -
73.6

Methane 242.1
Ethane 45-i
Propane 645.3
Butane 851.1
Pentane -

1056.3

Ethylene - 404.3

Propylene - 600.0

Butylene
- 821.0

Benzene (vaporised) 953-9
Toluene - 1121.8

Carbon monoxide 85.8
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With these figures and an analysis of the gas, it is pos-
sible to obtain by calculation a close approximation to the

calorific value of a sample of coal-gas.

Prof. V. B. Lewes in a lecture entitled
" Candles and

Calories," read before the Institute of Gas Engineers in

June 1903, gives the following as the constituents of coal-

gas, and tabulates them according to their calorific value as

follows :
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Lewes for the various calorific values of coal-gas and car-

buretted water from 12 to 20 candles, is as under :

CALORIFIC VALUE OF PURE COAL-GAS.
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value at present. The calorimeter takes into account the

total calorific value of a gas (the net value affecting the

matter considerably), whereas the temperature of a flame

depends chiefly on the amount of the substances to be

heated to that temperature.
In flame under consideration the only substances to

be considered are nitrogen, oxygen, carbon dioxide, and

water vapour. The nitrogen is the most important, being

proportional to the oxygen required for combustion. The

gas which requires more oxygen for combustion, and there-

fore produces more water of condensation, will give a

lower flame temperature in relation to its calorific power.
The analysis of a gas has a great bearing on the flame

temperature, for instance. Carbon monoxide has a much
lower calorific power than ethylene, but gives a higher
flame temperature, as more heat units are liberated in pro-

portion to the air required for combustion, and a gas that

contains a large proportion of hydrogen and a small per-

centage of marsh gas would give more heat by a calori-

meter, but would give a lower flame temperature because

of the greater specific heat of water vapour as compared
with that of carbon dioxide and nitrogen.

M. Mahler, on the value of the Flame of Combustibles,

says that the calorific power and the chemical composition

are, in general, sufficient elements of comparison between

natural combustibles. These data permit of the calcula-

tion of the value of flames
;
and the question may be

asked of the practical utility of this. The value of the

flame of combustible is the same thing as its temperature
of combustion under constant pressure. It is measured by
the thermometric degrees, through which the gaseous pro-
ducts of the combustion are raised. Supposing them to be

heated by all the gases due to the combustion and solely

by it, and that the combustion is complete. Now it is

clear that if the calorific value, the chemical composition,
and the specific heat of the gas is known, the flame tem-

perature can be calculated.
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Flame temperature is a theoretical absolute value

which is not reached owing to the defective character of all

heating apparatus, but nevertheless it is in many cases of

the utmost value as a guide to the judgment.
Mahler gave the following formula for calculating the

calorific (^) under constant pressure of the unit weight of a

fuel :

(i.) f--'
in which C;/2 = the mean specific heat of one of the com-

bustion gases between zero and T on the

absolute scale.

N = the number of molecules in
" mol " volumes

of 22.32 litres (the "mol" is Ostwald's

term for the molecular weight in grams).
T = the initial temperature (from the absolute

zero).

T^the final (or flame) temperature (from the

absolute zero).

Specific heat increases with temperature, and the

changes are so great at high temperature that they cannot

be disregarded. Mallard and Le Chatelier apply the

following equation to express the mean specific heat :

Ow=a+/3T,

in which a and ft are coefficients, having the following

values for the different products of combustion :

ft

For the permanent gases (nitrogen
- i -2

and carbonic oxide)
-

6.5 x 1,000 0.6 x 1,000
- i

- 2

For superheated aqueous vapour 6.5 x 1,000 2.9 x 1,000
- 1 2

For carbonic acid 6.9 x 1,000 3.7 x 1,000

Taking T as 273 or o degrees Cent, and 0as = the final

temperature on the Centigrade scale, and T
x
therefore as

= 0+273, then inserting the foregoing values in Equation

(i) it becomes :
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I ooo looo'

The value of can be found from this equation, if the

number of molecules formed by the combustion and the

calorific power stated in large calories are known.

The Table shows the heat in calories of the " mol "

volume of 22.32 litres under constant pressure for different

gases :

Temperature.
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The approximate value of the flame temperature will

usually be known, and trials are then made with the help
of the table, taking the known number of molecules, until

the temperatures in the table which give the calorific values

next, above, and below the ascertained value have been

found. Then for the small interval of 100 degrees between

the two temperatures no practical error will be introduced,
if the calorific value is taken as proportional to the tem-

perature, and the exact value of the flame temperature thus

ascertained.

The method for using the table on p. 209 (and which

facilitates the rapid solution of the equation) is as follows:

The combustion of hydrogen will serve as an example.
There are four volumes of nitrogen introduced from the air

with every
" mol " volume of oxygen. The equation is :

H
2 + -i + 2N2

= 2N
2 + H2O (gaseous) + 58.2 cal.

Thus the products of combustion of I molecule (2 grams)
of hydrogen are 2 molecules of nitrogen and I molecule of

aqueous vapour, and ^=58.2 calories. Assuming the

probable temperature of combustion to be between 1,800

and 2,000 degrees Cent., the calorific value is reckoned by
aid of the Table for three temperatures, viz. :

Heat.
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value, which is 59.86 56.1 1 =3.75, and therefore I calorie

corresponds with a change of temperature of 1,000-1-3.75 =
26.7 degrees. Consequently, the difference between the

calorific value of 56.11 at 1,900 degrees and the ascertained

calorific value of 58.2 corresponds with a change of tem-

perature of 58.2 56.1 1 = 2.09 x 26.7 = 56 degrees. There-

fore the temperature of the hydrogen flame is 1,900+56 =

1,956 degrees Cent.

The following lists of fuels, liquids, and gases were

calculated in this manner :

Fuels.
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calorific value is going to be taken account of. One
method of great assistance is to give both the gross and

net calories, as the bigger the difference the lower the

flame temperature.
Another interesting experiment on this matter is that

carried out by Professor V. B. Lewes. He pointed out in

his Cantor Lectures that he had obtained over 19 candles

FIG. 52. IMPROVED BUNTE BURETTE.

per cub. ft with uncarburetted water-gas. The water-gas

was purified from carbon dioxide, and had a calorific value

of 81.86 calories gross and 74.66 net. This gas of 81.86

calories, or 325.7 B.Th.U., gave 19.38 candles per cub. ft

of gas consumed; the mean of four readings being 158

candles for a consumption of 8.15 cub. ft of uncarburetted

water-gas at a pressure of 1.3 in. The chimney employed
was 5 in. by 2 in ? ,

which gave, better results than a larger
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one, it being evident that under these conditions one got

just the right air supply.

Coming to the question of flame temperature one finds

coal-gas gives a flame the temperature of which is some-

where about 1,960 degrees Cent., and water-gas, as per
above Table, is 2,000 degrees Cent.

Gas Analysis. It is only our purpose to treat of

the partial analysis of gas, and for the complete analysis,

which is a work in itself, the reader is referred to Hempel,
" Gas Analysis," pp. 44-69.

The figure opposite shows the improved form of Biinte

gas burette. In the use of these burettes to arrive at any
results worth considering requires a good deal of constant

practice. In unskilful hands, to say the least, the results

are bound to be wrong or incorrect in some way or

other.

With these burettes one is capable of doing a fair

analysis of a sample of gas, including : Benzene vapours,
carbon dioxide (CO2 ), heavy hydrocarbons (unsaturated,
such as ethylene, &c., group CnH

lll2 ), oxygen, carbon mon-

oxide, hydrogen.
The marsh gas or methane can only be satisfactorily

analysed in Hempel explosion pipette.

The apparatus is fitted up as above, and the following
is a description and method of using it : A and B are two

burettes fitted with three-way cocks, each graduated into

i c.c., and capable of holding 100 c.c.; C, a one-gallon
tabulated bottle serving as water reservoir

;
and D, aspirator.

The burette is filled by opening the stop-cocks g and

k, and allowing water to enter from the bottle C until it

nearly fills the funnel d. The stop-cock is then closed and

the indiarubber tube detached from the bottom of the

burette. The longitudinal bore of the stop-cock k is now
connected at a with the tube supplying the gas to be

examined, and the gas aspirated into the burette by
running the water out of the burette by means of the stop-



2I 4 PHOTOMETRY AND GAS TESTING.

cock g. Rather more than 100 c.c. about 108 c.c. of gas
should be allowed to enter the burette. This is then

adjusted nearer the zero mark. By means of the bottle

C sufficient water is forced into the burette through cock

g to compress the gas, then cock g is closed and cock k is

opened. The gas

being under pres-

sure will bubble out

through the water in

d. The funnel d is

now filled up to the

mark, stop-cock d is

shut, and the burette

is detached from

stand and placed in

a jar of water at the

temperature of the

room. The stop-cock
k is now opened and

burette left in the

water for a sufficient

time for the gas to

become the same

temperature, say ten

minutes. The stop-

cock k is now closed

and the burette taken

out (avoid handling
as much as possible,

only handling by the

extreme ends) and

placed in stand. The true volume of gas in burette is now

read, say 104.6 c.c.

It is not usual to estimate benzene vapour in a Biinte

burette, but this can be done as follows : The tube c of

the aspirator D is connected to the cock g, suction applied

at N. Stop-cock g is now opened and the water in the

FIG. 53. BUNTE BURETTES AND STAND.
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burette is aspirated out as low as possible without un-

seating the burette. The stop-cock is then closed, the

tube removed, and the end of the burette dipped into a fair

sized porcelain crucible containing ethyl alcohol (absolute).

On opening the stop-cock g (the burette being under

vacuo) a quantity of the solution will rise in the burette.

(Care must be taken that the bottom of the burette is

always immersed in the solution, for if the faintest trace of

air enters the experiment is spoilt.) When the solution

has entered the burette the stop-cock is closed, the burette

taken from the stand, and the hand of the operator being

placed firmly over d, the contents of the

burette are shaken up with the solution.

After shaking, replace burette and open

stop-cock k. The water in d will now
flow into burette. After allowing the

water to run through burette until all

the solution used has been displaced, the

stop-cocks k and g are now closed, and

the water level in d made up to the

mark. The burette is now placed in the

cylinder of water for ten minutes, the

stop-cock k being opened. At the end

of this period the stop-cock k is closed

and the volume of water in burette read

off. The decrease in volume of gas or

increase in the water volume gives the amount of benzene

vapours in the quantity of gas taken
;
this is easily calcu-

lated to percentages.
The next determination is for carbonic acid (CO2).

The same procedure is gone through, but the solution used

for absorbing the CO
2

is strong caustic potash (i part

KHO to 2 parts H 2O).

After the cooling of burette the difference between the

volume now observed and that at the close of the last

reading will give the amount of CO 2
in the quantity of gas

taken
;
this is corrected to percentage. The next absorption

FIG. 54. COOLING JAR.
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is for heavy hydrocarbons. Exactly the same procedure is

gone through, but the absorbing agent is a solution of

bromine. After agitating the gas with bromine great care

must be taken in opening the stop-cocks. The best method
is to put a porcelain basin under the burette and seal the

end, and open cock g if the bromine vapour has caused a

pressure in burette. This will prevent any loss which

would occur if stop-cock k was opened first. Stop-cock k

is now opened and a little potash added to absorb the

bromine vapour, afterwards washing through with water,

cooling, &c., as before. The difference in volume gives the

unsaturated hydrocarbons in the gas.

The next absorbing is for oxygen (O 2 ).
The same

procedure is gone through, the reagent in this case being

pyrogallic acid, followed into the pipette by eight times its

volume of strong KHO. This solution should not be

mixed outside the burette. Many operators mix the pyro
and KHO, and then add to burette

;
this method is not

advisable. The difference in volume gives the (X in

the gas.

The next constituent to be estimated is the carbonic

oxide (CO). The same procedure is again gone through,
but the reagent used being a hydrochloric acid solution of

cuprous chloride, the difference in volume gives the volume

of CO in volume of gas taken.

When estimating for hydrogen and carbonic oxide in a

sample of gas these are most conveniently estimated by
combustion, as under :

After estimating the oxygen, it is now necessary to mix
the gas with an excess of air, but as the burette would not

hold sufficient air to combine with the whole of the gases

generally present, it is found necessary to expel a portion
and work on, say, half the volume. The air is admitted by

placing cock k in communication with the burette, opening
the pinch-cock at a, and allowing the water to flow out at

g. This should be continued until the water level is such

that a sufficiency of air has been admitted, when the
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and the pinch-cock a are closed, and the contents of the

burette cooled, &c., as before. The contents of the burette

are now well shaken up, and after allowing to stand, the

reading is taken.

Connection is then made between the burettes A and B

by uniting the two at the indiarubber a and b by means of

a piece of combustion tubing containing a small coil of

palladium wire, the burette B having been previously filled

with water. The palladium wire in the combustion tube

should be brought to a red heat by means of a Bunsen

burner, and the gas in the burette A is caused to pass over

the heated wire into burette B by opening g and h and

connecting water supply from C with the bottom of burette

A. When all the gas from A has passed over (shown by
the burette being full of water) the operation is reversed,

the gas being again collected in A. It is then cooled as

before, water level in cup d adjusted, and the volume read

off. A solution of caustic potash is then added as in

the manner described for the estimation of CO2 ,
and the

diminution in volume noted.

Before working out the calculation it is necessary to

notice what action takes place during the combustion.

The gases to be dealt with (or furnace gases) are hydrogen,
carbonic oxide, and nitrogen mixed with an excess of air.

By passing over the red-hot palladium wire the oxygen of

the air combines with carbonic oxide to form carbonic

anhydride (CO.+O = CO2),
and with the hydrogen to form

water (H 2+ O = H 2O), the nitrogen of course not being
affected. Now supposing that after igniting the gases and

treating the residue with caustic potash a diminution in

volume of 12 c.c. was observed, this would be equal to

12 c.c. of CO, for each volume of CO produces an equal
volume of CO

2 ,
and as only half the original volume taken

was used, the result must be multiplied by two to give the

true percentage of CO.

Supposing, also, that after ignition, but before treatment

with KHO, there was a diminution in the volume of 12 c.c.,
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this would be due partly to the combination of the hydro-

gen with the oxygen, and partly to the combination of the

carbonic oxide with the oxygen.
The CO would require half its volume, or 6 c.c. of the

oxygen, therefore, deducting this from the 12 c.c. due to the

combustion, we have 6 c.c. as the resultant due to the

combination of the hydrogen with the oxygen. Now
hydrogen combines with oxygen to form \vater in the

proportion of two volumes to one, therefore on multiplying
6 c.c. by f we have 4 c.c. as the number of c.c. of hydro-

gen, and this multiplied by 2 gives 8 c.c. as the percentage
of hydrogen. The nitrogen is always calculated by
difference.

Specific Gravity of Gases. There are numerous

apparatus for the determination of the specific gravity of

gas. They are Bunsen Effusion Test, Letheby Specific

Gravity Globe, Schilling Diffusion Test, Lux Balance,

and Simmance-Abady Specific Gravity Bell.

Bunsen Effusion Test. This apparatus is based on

the fact that gases issuing under similar conditions of

pressure from a given hole in a metallic plate flow through
it at rates which vary inversely as the square roots of their

densities. The time taken by a given volume of gas to

pass through a small (3^ in. in diameter) aperture in a

platinum plate, and also the time taken for the same
volume of gas (such as air) of unit density to pass through
under similar conditions. Then if T seconds be the time

taken by the first gas, and Tj_ seconds the time taken by
the second gas (the density of which is unity), the density

^2
of the first gas is equal to . The apparatus consists of a

*i

piece of glass tube with platinum foil. There is a line

scratched on this tube (which is similar to a burette turned

up), and inside is a float which has two marks on it,

one at the top end and the other at the bottom. The tube

is filled with gas and inverted into a trough containing
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mercury, the tube being firmly clamped down into its

position. The float is now entirely below the mercury.

The stop-cock is now opened, and the gas being under

pressure passes out through the orifice in the platinum foil.

The surface of the mercury is carefully observed through
a telescope placed level with it. As soon as the upper
black line on the float appears the clock or stop-watch is

started, and as soon as the second line appears the stop-

watch is stopped. We now have the time taken by a fixed

volume of gas to pass through the orifice. The tube is

next filled with dry air and the operation repeated.

Example
Time dried gas occupied in passing through orifice = 140 seconds.

5J 55
air =220

220)1, 4oo(.636 .636

.636

.404496 sp. gr.

FIG. 55. LETHEBY SPECIFIC GRAVITY GLOBE.

Letheby Specific Gravity Globe for determination of gas

by direct weighing, requires an absolutely correct balance

and considerable skill on the part of the operator.

Schilling Diffusion Test.N. H. Schilling has proposed
a modification of Bunsen effusion test. The tube is larger

and the water takes the place of mercury.
F. Lux Gas Balance shows the specific gravity of gas

passing through a globe by the indications of a pointer and

a rider on the beam. The balance is contained in a glass

case provided with adjusting screws and spirit level. The

front part of the case is made to swing down, so that the

whole is easily accessible. The beam of the balance swings
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on agate bearings, and on either side small ivory cups
filled with mercury are attached by means of brackets.

These brackets or outer pillars are attached to gas pipes
underneath the balance, and terminate on the left side in

two stop-cocks. The handle of the balance is on the right-

hand side. The beam terminates in a fine steel pointer,

which moves over a quadrant scale placed parallel to the

pillar by a long bracket. The beam is graduated into a

hundred divisions, with a notch at

every fifth, and marked at every tenth

division, beginning at the centre of the

beam with the figure o.o, o.i, and so on

up to i.o.

The quadrant scale is divided into

forty-five divisions, the one in the

centre being marked o.o, while every
tenth division on either side is marked

o.i and 0.2 respectively. Above the

zero there is a plus sign (+ ),
and below

a minus sign ( ).

The balance must be placed on a

very firm base, and must not be ex-

posed to sunlight or any variation in

temperature, and must be exactly level.

In performing test the mercury is

first poured into ivory cups and the

beam placed on its bearings, then the

nickel rider is placed in the notch

marked i.o. If the balance is released,

the pointer should exactly indicate zero on the quadrant

scale, if not, this may be attained by means of the hori-

zontal adjusting screw fitted to the centre of the beam.

The rider is then shifted to 0.8 on the beam, and if the

balance is properly sensitive each degree on the beam
should correspond to one degree on the quadrant scale,

the index should therefore point to plus 0.2 on the

quadrant (0.8+ 0.2= i.o).

FIG. 56. SCHILLING'S
SPECIFIC GRAVITY
DIFFUSION TEST.
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In passing a gas into the apparatus the rider is placed
on a figure near to the specific gravity expected, i.e., in the

case of coal-gas the rider would be placed at 0.5. The

stop-cock should be so adjusted that nearly all the air will

be expelled (under a pressure corresponding to about 25
mm. water column) after two or three minutes, and
after five minutes the apparatus will therefore be filled

with pure gas.

In the case of coal-gas, suppose, now, on the beam

being released the index records +0.02 on the quadrant,

FIG. 57. F. Lux GAS BALANCE.

the specific gravity would therefore be 0.5 +0.02 = 0.52. If,

on the other hand, the index moves to 0.04, this would

give the specific gravity as 0.50.04 = 0.46.

The quadrant scale has twenty-two divisions on either

side of the zero
;
one can command, with the rider in this

one position (0.50), a range of specific gravity greater than

any coal-gas would require.

To determine the specific gravity of gases heavier than

air, the rider is set before starting on the division zero, the

pointer likewise being adjusted to indicate zero, the figure
i.o should then be added to the value found.
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Simiiiance-Abady Portable Specific Gravity Bell^ con-

sisting of a small water tank in which a bell is suspended
from a balance beam. The crown of the bell is drawn out

FlG. 58. SiMMANCE-ABADY SPECIFIC GRAVITY BELL.

so that a stand pipe may be brought well up above the

water line, although the bell itself is submerged up to the

crown. The apex of the upper crown is formed of a small
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silver plate in which a very fine effusion hole is drilled, and
this is covered by a protective cap. Extended from the

beam is a fine pointer, indicating upon a plate marked
with two divisions. At the inlet to the stand pipe is a two-

way cock for gas and air, or blow-off; the gas way to be

connected by flexible or other tubing to the gas service,

while the air way is free. An extra degree of exactitude is

provided if the air is brought through caustic potash so as

to absorb its CO
2

. A reliable minute clock showing half-

seconds with start, stop, and set to zero, is fixed to the

tank.

To make a Test. Level the apparatus by screw, seeing
that the bell hangs centrally in tank. The bell by its

weight is normally submerged, the tank being filled with

water just to cover the dome, and only the small effusion

chamber filled with air.

Set clock hand to zero, and move weight to notch at

outer end of beam and slowly open air-cock, thus filling

the bell with air and taking the pointer up beyond the

highest mark on quadrant.
Close air-cock, hold beam with the left hand, and with

the right move weight to the next notch, thus allow-

ing the air to escape through effusion hole, and the bell to

fall slowly.

As pointer passes the highest mark in the quadrant
start minute clock, stopping it as the pointer passes the

lowest mark, and note the time in seconds. Reset clock

hand to zero, and without moving weight, slightly open

gas-cock, hold down bell for a second or two (to expel
the last trace of air through effusion hole), and then release

same and let bell rise as before.

When pointer is well above the highest mark on

quadrant turn off gas-cock. After a second or two the

confined gas will have attained atmospheric pressure and
the bell will fall slowly.

As pointer passes the highest mark on quadrant start

minute clock, stopping it as the pointer passes the lowest
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mark, and note the time in seconds. Divide the gas time

squared by the air time squared.

Example
Air time, 59 seconds =592 = 3,481.
Gas time, 41 seconds = 4i

2 = 1,681.

1,681 -r 3,481 = 0.482 specific gravity of gas.



CHAPTER XII.

CARBURETTED WATER-GAS.

THE introduction of carburetted water-gas, and the in-

creasing headway this gas is making of late years, brings
another raw material under the consideration of the gas

engineer and the gas chemist's notice.

It is not intended to touch on the subject of manufac-

ture, but only to deal with the raw materials from the

chemist's point of view. The matter of coke has been

already mentioned, and the remarks as to a good coke

apply equally well for oil-gas manufacture as for any other

purpose.
In the valuation of oils for gas-making purposes the

following analyses are usually made :

Specific Gravity. Oil is generally bought by weight,
and this is calculated from its volume and specific gravity.

The specific gravity can be roughly estimated by specific

gravity hydrometer. The specific gravity hydrometer can

now be bought divided into two from 700 to 2,000 degrees.
These hydrometers only give one the specific gravity

roughly, and when accuracy is desired the specific gravity

bottle, as shown in figure, which consists of a glass bottle

holding 50 or 100 grams of distilled water at 60 degrees

Fahr., and the neck is fitted with a perforated stopper, en-

abling the bottle to be exactly filled with the liquid with

the total expulsion of all air bubbles. The oil or liquid

under examination is brought exactly to the temperature
of 60 degrees Fahr., the bottle is filled with the liquid, and

P



226 CARBURETTED WATER-GAS.

FIG. 59. SPECIFIC

GRAVITY BOTTLE.

the stop dropped into its place, with the result that the

liquid will then entirely fill the bottle and the perforation

in the stopper, and any excess will flow out of the top of

the stopper. The bottle is now wiped
with a clean dry cloth, the top of the

stopper being brushed gently with the

hand so that nothing will be absorbed

from the bottle, and the level of the

liquid will not be lowered.

The bottle is now weighed, and as

the bottle is supplied with a counter-

poise weight, the

weight can be read

direct. This weight
divided by the weight

of water contained in the bottle (viz., 50 or

100 grams, whichever may be) will give
the specific gravity of the oil.

If the temperature is below 60 degrees

Fahr., the bottle can be held in a vessel of

water at a higher temperature, while if

the temperature is above 60 degrees Fahr.

(as in the warm weather) it may be re-

duced by means of a freezing mixture,

such as adding a few crystals of am-

monium chloride, or sodium thiosulphate,

in water.

Sometimes it is found inconvenient to

cool an oil to the exact temperature, then

the specific gravity of an oil may be cor-

rected to that temperature by means of

the coefficient of expansion of the oil,

which in the usual cases met with may be

taken as 0.00036 per each degree Fahr.

Now the average specific gravity of oil supplied for gas-

making may be taken at about 870 degrees, but supposing
that the temperature was 70 degrees Fahr. instead of 60

730

740

750

FIG. 60. SPECIFIC

GRAVITY HY-
DROMETER.
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degrees Fahr. then the specific gravity at 60 degrees Fahr.

would be found as follows :

70 - 60 = 10 x .00036 = .0036

.870

Correct specific gravity at 60 degrees Fahr. = .8736

The coefficient of expansion is an important factor

when measuring the quantity of oil in stock
;
as the tem-

perature of large quantities of oil

stored in large tanks varies with

the atmospheric temperature, it

is therefore necessary to adjust
for temperature by this means.

Flash Point. The flash

point of an oil is the tempera-
ture at which the oil commences

to give off inflammable vapour.
The lower the flash point of an

oil, the more danger there is in

the transportation, storage, and

use, therefore the determination

of the flash point is a matter

of importance. The flash point
is determined either by means

of the Abel apparatus or Pensky-
Marten apparatus.

The Abel apparatus is shown in illustration, and is the

instrument described and used by the Board of Trade

Petroleum Act of 1879. The apparatus consists of an

outer jacket which is filled with water, the temperature of

the water being 130 degrees Fahr. at the commencement,
or, in the case of very low flash oil, cold water is used. The
oil to be tested is placed in the cup provided, which is in

the centre of the apparatus, and it is filled so that the top
of the liquid just reaches the top of the gauge which is

FIG. 61. ABEL FLASH-POINT
APPARATUS.
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fixed within the cup. The lid of the cup with the slide

closed is then put on, and the cup is placed in position.

The thermometer in the lid of the cup has been adjusted
so as to have its bulb just immersed in the liquid, and its

position must not be altered on any account.

The test lamp is then placed (or the gas adaption is

lighted) upon the lid of the cup, the pendulum or lead line

is set in motion, and the rise of the thermometer in the

petroleum cup is watched.

The test flame is applied once

for every rise of I degree, the slide

is slowly drawn open while the

pendulum performs three oscilla-

tions, and is closed during the

fourth oscillation. Directly a
u
flash

"
or light is noticed inside

the cup on application of the test

flame, the temperature of the

thermometer in the petroleum cup

gives the temperature at which

the oil flashes.

It will be seen that as this

instrument is water jacketed, it is

not applicable for the determina-

tion of flash points of oil which

have a flash point higher than 2 1 2

degrees Fahr. The apparatus used

in this case is the Pensky-Marten

flash-point apparatus. This ap-

paratus is shown in the illustration, and is designed for

the testing of heavy oils (and it is equally suitable for

testing light oils). It consists of an oil cup, with cover

fitted with a Centigrade thermometer, with stirrer and

air bath.

The bath is heated by a gas flame, and the slow and

regular heating of the oil is ensured by the jacket of air

that surrounds the cup. The cup is filled with the oil to

FIG. 62. PENSKY - MARTEN
FLASH-POINT APPARATUS.
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be tested up to the ring inside, and the cover placed in

position. The cup is then placed in the bath by means of

the fork provided.
The thermometer is now inserted in the socket in the

cover, and the gas burner lighted, the wire gauge being

interposed if the temperature rises too quickly. The test

jet is lighted and regulated so that the flame is only the

size of a small pea.

During the heating of the oil the stirrer is used from

time to time. At the increase of each degree the test

flame is applied by turning the spindle G, which by a suit-

able mechanical arrangement opens a slide in the top of the

cup, and the test flame is momentarily inserted into the cup.

Directly sufficient vapour is given off, and on inserting

the test flame, a flash is noticed, the thermometer being

read, which gives the flash point of the oil. The appa-
ratus must be kept perfectly clean, as traces of moisture

interfere with the flash.

The fractional distillation of an oil affords valuable in-

formation as to its suitability as an enriching agent. The

apparatus employed consists of a spherical flask fitted to a

Liebig's condenser. The flask must have a capacity of

about twice the volume of oil to be experimented with.

The procedure is as follows :

The spherical flask is weighed empty and the weight
noted. 10 oz. of the oil to be tested are now measured at

60 degrees Fahr., and poured into the flask.

The flask is now weighed, which gives the total weight
of flask and oil, and deducting the weight of the flask one

arrives at the weight of the oil taken.

A Centigrade thermometer which will register up to

500 degrees Cent, is fitted in the neck by means of a gooc|

well-fitting cork, through which a hole is bored to take the

thermometer. The thermometer is fitted in the neck of

the flask, so that the mercury bulb is on a level with the

outlet of the flask.

The neck of the flask is now bound round with asbestos
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string and firmly fixed in a clamp on a retort stand, and

the outlet fixed on to the inlet of the Liebig's condenser

as usual.

The source of heat may be supplied from a Fletcher

burner, and the heat is regulated to cause the distillate to

come over in separate drops at fairly regular intervals,

and as the drops cease to come over, or become irregular,

the heat is gradually increased.

The distillates are collected in fractions of i oz., or 10

per cent, of the oil experimented on. The temperature
recorded by the thermometer is noted directly the contents

of the flask start boiling, and is again noted directly the

first drop condenses off the end of the flask, which is easily

seen in the neck of the inlet of the Liebig's condenser
;
from

thence the temperature is noted for the completion of each

ounce until volatile matter ceases to come off, when the

temperature is increased until nothing but coke is left

in the flask. The amount of water which comes over

is particularly noted. A moistened slip of lead paper is

adjusted at the outlet of condenser, and replaced by a

fresh piece at the end of each fraction to ascertain the

varying amount of sulphuretted hydrogen given off at

various temperatures, which is easily told by the depth of

colour of the lead paper.

The flask on cooling is weighed, and the amount of

coke calculated.

The specific gravity of each fraction is ascertained and

calculated into percentage by weight on the original oil.

This will enable the total weight of the distillates to be

found, and these, plus the weight of the residue, should very

nearly total up to the weight of the oil taken, the deficiency

not being more than i per cent., which is set down to loss

on distillation.

Some of the points which indicate the suitability of an

oil for gas-making purposes are that it should be free from

water, or only a trace at the most
;
that the residue left

after distillation does not exceed i per cent.
;
and that the
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blackening of a lead paper does not occur until near the

close of the distillation. The larger the proportion of the

oil that comes over within a certain range of temperature,
the more easily will that oil be gasified on the plant, and

more permanent will be the gas formed from such oil,

and it should therefore not commence to distil at too low a

temperature.

Example

SAMPLE OF RUSSIAN OIL.

Specific gravity at 60 Fahr.
Flash point
Residue -

.8742.

224 Fahr.
o. 12 per cent.
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SAMPLE OF AMERICAN OIL.

Specific gravity at 60 Fahr.
Flash point
Residue -

8633.
146 Fahr.
0.62 per cent.
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Example

8633).8o92o(9.37
77697

.32230
25899

.63310

In a paper entitled "
Composition and Valuation of Oils

used for Gas Making," by Messrs Raymond Ross and

Leather, read at a meeting of the Society of Public Analysts,
on I4th June 1906, the authors made classical researches on
the composition of petroleum from various sources, and

they gave some account of these investigations carried out

on various petroleums, and a description of some of the

few compounds isolated from them. They ascertained the

nature of some principal constituent hydrocarbons, and
then proceeded to carbonise samples of pure hydrocarbons

representative of these classes, with the object of ascertain-

ing to what extent these hydrocarbons contributed to the

gas-making value of an oil. The hydrocarbons specially

investigated were those containing eleven carbon atoms in

the molecule undecane, the eleventh hydrocarbon of the

paraffin series, and is representative of the principal con-

stituent hydrocarbons of Pennsylvanian petroleum. The

corresponding hydrocarbon of the olefine series is undecy-
lene, and this was taken as representative of the principal

hydrocarbons occurring in Scotch gas oil. Decahydro-
naphthalene was taken as the hydrocarbon representative
of the chief constituents of Texas gas oil.

Another hydrocarbon was tetrahydronaphthalene, oc-

curring in Borneo, and to a less extent in other petroleums.
The following Table gives the constants obtained for

pure hydrocarbons :
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TABLE OF CONSTANTS OBTAINED FOR PURE HYDROCARBONS.

Name.
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AVERAGES OF GASIFICATION RESULTS.

Name of Oil.
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Bye-product. The bye-products of carburetted oil-gas

consist of practically only one, viz., the tar, which is

called
" Oil-Gas Tar." The tar when first condensed on

the plant contains about 50 per cent, or more of water,

and in the past this quantity of water has been the

cause of the trouble to dispose of or use this tar in any
way. Of late years many methods have been tried to

decrease this amount of water, and if it is left to stand

in a tank for a sufficiently long time, the water will

settle out on the top, and the tar can be drawn off

from the bottom of the tank by means of a flexible

hose or suction.

The tar when so treated will contain less than 5 per
cent, of water, and is useful in many ways, the chief being
as a fuel for boiler purposes.

Matthews and Goulden (Gas World, xvi., p. 625) found

in water-gas tar from Russian oil :

Benzene
Toluene

Light paraffins
Solvent naphtha
Phenols
Middle oils

Creosote oil -

Naphthalene -

Anthracene (crude)
Coke -

96.90

Although this tar appears to have a certain value which

one would expect could be utilised by the tar distiller in a

similar manner to coal-tar, yet they say that the oil-gas

tar contains so much paraffin that the extraction of any of

the other constituents is not remunerative. On distilla-

tion of a sample of oil-gas tar, the following results were

obtained :



OIL-GAS TAR. 237

Specific gravity at 60 Fahr.
Pitch - - - - -

Water -

1.0571.
20.48 per cent.

2.60

No. of

Fraction.
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of all loose dust, &c., and it was found that traffic could

pass over the road directly afterward, and that therefore

there was no closing of the road. Oil-gas tar, as proved

by these experiments, appears to be probably the most

effective, economical, and most expeditiously applied dust

preventive treatment yet utilised in a practical way over

large'areas.
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METROPOLIS GAS.

NOTIFICATION OF THE GAS REFEREES FOR
THE YEAR 1907.

OFFICE OF THE METROPOLITAN GAS REFEREES,
66 VICTORIA STREET, S.W.,

December 1906.

WHEREAS the undersigned have been appointed
" Gas Referees

"

under the City of London Gas Act, 1868; The South Metro-

politan Gas Light and Coke Company's Act, 1869; The Com-
mercial Gas Act, 1875 ;

The Gas Light and Coke Company Act,

1876; The South Metropolitan Gas Light and Coke Company's
Act, 1876; The Gas Light and Coke and other Gas Companies
Acts Amendment Act, 1880; and the London Gas Act, 1905.

And whereas it is the duty of the said Gas Referees, under

the same and othei Acts of Parliament, among other things, to

prescribe and certify the situation and number of the testing

places, and the apparatus and materials therein, for testing the

illuminating power, calorific power, purity, and pressure of the

gas to be provided by the Companies; and the mode to be

adopted for testing and recording the illuminating power, calorific

power, purity, and pressure of the gas ;
and the number of the

times of testing, except in the case of testings for pressure and
of testings made under section 5 of the London Gas Act, 1905 :

Now, therefore, in compliance with the provisions of the said

Acts, the said Gas Referees do hereby prescribe and certify as

follows
;
that is to say,

As to the

TESTING PLACES.

The testing places shall, for the present, be as follows :
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For the Gas Light and Coke Company.

1. At No. 1 06 Fenchurch Street, E.G.

2. At No. 93 Aldersgate Street, E.G.

3. At No. 7 Tudor Street, Blackfriars, E.G.

4. At No. 123 Ladbroke Grove, Netting Hill, W.

5. At No. 3 Vincent Terrace, Islington, N.

6. At No. i Carlyle Square, Chelsea, S.W.

7. At No. 170 Camden Street, Gamden Town, N.W.
8. At No. 140 Graham Road, Dalston, N.E.

9. At No. 47 Kingsland Road, N.E.
10. At the Offices of the London County Council,

Spring Gardens, S.W.
u. At No. i Vinery Villas, North Bank, Regent's Park,

N.W.
12. At No. 116 Lambeth Road, S.E.

13. At No. 121 Hornsey Road, Holloway, N.

14. At No. 66 George Street, Hampstead Road, N.W.

For the Commercial Gas Company.

1. At No. 6 Wellclose Square, St George's, E.

2. At No. 24 Parnell Road, Old Ford, E.

For the South Metropolitan Gas Company.

1. At No. 104 Hill Street, Peckham, S.E.

2. At No. 37 Bedford Road, Glapham Road, S.W.

3. At No. i Stoney Lane, Tooley Street, S.E.

4. At No. 1 80 Lewisham Road, Lewisham, S.E.

5. At No. 107 Blackfriars Road, S.E.

6. At No. 2ii Burrage Road, Plumstead, S.E.

As to the

SERVICE PIPES TO THE TESTING PLACES.

The conditions to be observed in connecting the Gas Com-
panies' mains with the apparatus in the testing places and in

providing for shutting off the gas in case of emergency are

prescribed by section 8 of the London Gas Act, 1905.
If obstruction of the service pipe is found, or if there is reason

to think that the quality of the gas is suffering from any change
occurring within the service pipe, the service pipe may be washed
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out in the presence of and by arrangement with the Gas Examiner,
either with hot water alone or with any usual solvent such as

benzol, naphtha, or petroleum, but ihe use of such solvents is to

be followed by a washing with hot water. In every case where
the service pipe is washed out the Gas Company shall send a
letter to the Gas Referees explaining why the washing was
considered necessary. The Gas Companies may, if they think

fit, provide a tap and funnel in any testing place for the purpose
of such washing out.

No testing for illuminating power is to be made until after

the lapse of an hour since the last washing out.

As to the

STANDARD LAMP TO BE USED FOR TESTING ILLUMINATING
POWER.

The standard to be used in testing the illuminating power
of gas shall be a Pentane zo-candle Lamp which has been
examined and certified by the Gas Referees. A description of
the lamp is given in Appendix A. The residue of pentane in

the saturator shall, at least once in each calendar month, be

removed, and shall not be used again in any testings.
The pentane to be used in this lamp shall be prepared as

described in Appendix B, and shall show when tested the

properties there specified.
All pentane provided by the Gas Companies will be examined

and certified by the Gas Referees, and will be sent to the testing

places in cans, which have been both sealed and labelled by
them

; and no pentane shall be used in the testing places other
than that which has been thus certified.

The procedure to be followed in the issue of pentane to the

testing places is described in Appendix C.

As to the

TIMES AND MODE OF TESTING FOR ILLUMINATING POWER.

i. Testings with the Metropolitan Argand Burner; No. 2.

The testings for Illuminating Power made with the Standard

Argand shall be three in number daily.
" The tests for illumin-

ating power shall be taken at intervals of not less than one hour."

"The average of all the testings at any testing place on each

Q
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day of the illuminating power of the gas supplied by the Company
at such testing place shall be deemed to represent the illuminat-

ing power of such gas on that day at such testing place." (Gas-

light and Coke and other Gas Companies Acts Amendment
Act, 1880, sections 7 and 8.)

But "
If on any one day the gas supplied by the Company

at any testing place is of less illuminating power to an extent

not exceeding one candle than it ought to be, the average of all

the testings made at such testing place on that day and on the

preceding day and on the following day shall be deemed to

represent the illuminating power of the gas on such one day at

such testing place." (London Gas Act, 1905, section 4 (3).)

The gas supplied by the Gas Light and Coke Company is

required to have an illuminating power of 16 candles, and the

gas supplied by the South Metropolitan Gas Company and by
the Commercial Gas Company an illuminating power of 14
candles. (London Gas Act, 1905, section 4 (i), (2).)

The Photometer to be used in the testing places shall be the

Table Photometer described in Appendix D. The air-gas in the

lamp is to be kept burning so that the flame is near its proper

height for at least ten minutes before any testing is made. At
the completion of every testing the air-gas is to be turned off;

but if the interval between two testings does not much exceed
one hour and the Gas Examiner is present during the interval,

he may, instead of turning it off completely, turn it down low.

The Argand Burner attached to each Photometer shall be a

standard burner called the Metropolitan Argand Burner, No. 2,

which has been devised by Mr Charles Carpenter. A description
of the burner is given in Appendix E. No Argand Burner shall

be used for testing the illuminating power of gas that does not

bear the lead seal of the Gas Referees.

A clean chimney is to be placed on the burner before each

testing, and care should be taken that the glass does not become
dimmed by the smoking of the flame.

The gas under examination is to be kept burning, at about

the usual rate, for at least fifteen minutes before any testing is

made ; the damper shall not be in action during this interval.

No gas shall pass through the meter attached to the Photometer

except that which is consumed in testing or during the intervals

between the testings made on any day, and that which is used
in proving the meter. (See p. 250 and Appendix N.)

The paper used in the photoped of the Photometer shall be
white in colour, unglazed, of fine grain and free from water marks.

It shall be as translucent as is possible consistently with its being

sufficiently opaque to prevent any change in the apparent relative
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brightness of the two portions of the illuminated surface when
the head is moved to either side. This paper should, when not

in use, be covered to protect it from dust
; and if it has been in

any way marked or soiled a fresh piece is to be substituted.

Each testing shall be made as follows :

The index of the regulating tap shall be so adjusted that the

meter hand makes one complete revolution in not less than 59
or more than 61 seconds. The damper for regulating the air-

supply to the burner shall be screwed upwards until the flame is

on the point of tailing above the chimney and then immediately
be turned down only so far as to ensure that the flame burns

without any smoking. The connecting rod shall now be pushed
to and fro by the Gas Examiner until the illumination of the

photoped by the two sources of light is judged to be equal. A
balance is best attained by making small alternations of decreasing

amplitude rather than by a very slow movement in one direction

only. The reading on the photometric scale shall be noted.

This observation is to be made four times in all, and the mean
of the results taken. The time that the meter hand takes to

make exactly two revolutions shall then be observed by the aid

of a stop clock or stop-watch. The mean of the four readings
of the photometric scale shall be multiplied by the number of

seconds in the time recorded and by the Aerorthometer reading
and divided by 120. The quotient is the illuminating power.

If the gas is so rich that it cannot be made to burn at the

prescribed rate without tailing above the chimney or smoking,
or if the burner cannot be pushed far enough away to produce
equality of illumination on the photoped, the rate must be
reduced until the flame burns properly within the chimney or

a balance is produced when the burner is at the far end of the

slide. In all other respects the testing and calculation shall be
made as described.

If, in very exceptional circumstances, the Aerorthometer
scale or the table does not include the conditions that are met

with, the Gas Examiner shall, in calculating the illuminating

power, use the formula printed below the table.

Each testing place must be provided with a standard clock

that will go for a week without re-winding.
The Gas Examiner shall, at least once a week, compare the

stop-clock in the testing place with the standard clock or with

his watch.

The Gas Examiner shall enter in his book the particulars
of every testing of illuminating power made by him at the testing

places, during or immediately after such testing ;
and in the case

of any testing which he rejects he shall also state the cause of
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rejection. No testing is to be rejected on the ground that the

result seems improbable.

2. Testings with the Standard Flat Flame Burner.

The testings for illuminating power made with the flat flame

burner shall be made at such times as the Controlling Authority
shall direct. The burner shall be Bray's

" No. 7 Economiser "

fitted over a Bray's
** No. 4 Regulator," as described in Appendix

D. The testings made with it shall be conducted in the same way
as those with the Argand ;

but when a testing with the Argand
has been made immediately before, the testing with the flat flame

burner may be made when the gas has been burning through it

at the usual rate for five minutes. A new burner shall be used

every week.

If the gas is so poor that the burner cannot be brought near

enough to produce equality of illumination on the photoped, the

rate of consumption must be increased, until a balance is produced
when the burner is at the near end of the slide. In all other

respects the testing shall be carried out as described.

As to the

TIMES AND MODE OF TESTING FOR SULPHURETTED
HYDROGEN.

" The gas supplied by the Company shall not exhibit any trace

of sulphuretted hydrogen when tested in a mode to be from time

to time prescribed and certified by the Gas Referees for testing and

recording the presence of sulphuretted hydrogen, which mode shall

not be more stringent than the mode prescribed in Schedule A of

the Gasworks Clauses Act, 1871." (London Gas Act, 1905, sec-

tion 6.)

The apparatus to be used in testing gas for the presence of

sulphuretted hydrogen is figured in Appendix H. The gas as it

leaves the service pipe shall be passed through the glass vessel in

which are suspended slips of bibulous paper which have been re-

cently moistened by dipping them in a solution consisting of 6.5

grams (100 grains) of crystallised acetate of lead dissolved in 100

cubic centimetres of water.

One testing shall be made daily.

In making the testing, gas shall be turned on to the apparatus,
and lit at the burner as soon as the air has been swept out. When
the gas has burnt for three minutes it is to be turned off, and
one of the slips of paper is to be compared with another similar
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slip which has not been exposed to the gas. The gas is to be
taken as exhibiting a trace of sulphuretted hydrogen if the slip of

paper which has been exposed to it is unmistakably the darker

of the two.

In this event two of the test-slips which have been exposed to

the gas shall be placed in a stoppered bottle and kept in the dark

at the testing place one of the remaining slips shall be forwarded

with each daily Report (Appendix O), and the comparison slip

shall be retained by the Gas Examiner for the use of the Chief
Gas Examiner.

The Gas Examiner in making his return shall write either
"
present

"
or " absent

"
as the case may be.

As to the

MODE OF TESTING FOR SULPHUR COMPOUNDS OTHER THAN
SULPHURETTED HYDROGEN.

This testing shall be made on such days as the Controlling

Authority shall direct. A description of the apparatus to be em-

ployed is given in Appendix K. It is to be set up in a room or

closet where no other gas is burning. The gas shall pass through
a meter by reference to which the rate of flow can be adjusted,
and which is provided with a self-acting movement for shutting
off the gas when ten cubic feet have passed.

Pieces of sesqui-carbonate of ammonia, from the surface of

which any efflorescence has been removed, are to be placed round
the stem of the burner. The index of the meter is to be then

turned forward to the point at which the catch falls and will again

support the lever-tap in the horizontal position. The lever is made
to rest against the catch so as to turn on the gas. The index is

turned back to a little short of zero, and the burner lighted. When
the index is close to zero the trumpet-tube is placed in position on

the stand and its narrow end connected with the tubulure of the

condenser. At the same time the long chimney-tube is attached

to the top of the condenser.

As soon as the testing has been started, a first reading of the

Aerorthometer is to be made and recorded, and a second reading
as near as may be to the time at which the gas is shut off. The
rate of burning, which with practice can be judged very nearly by
the height of the flame, is to be adjusted, by timing the index of

the meter, to about half a cubic foot of gas per hour.

After each testing, the flask or beaker, which has received the

liquid products of the combustion of the ten cubic feet of gas,
is to be emptied into a measuring cylinder and then replaced to
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receive the washings of the condenser. Next the trumpet-tube is

to be removed and well washed out into the measuring cylinder.
The condenser is then to be flushed twice or thrice by pouring
quickly into the mouth of it 40 or 50 cubic centimetres of distilled

water. These washings are brought into the measuring cylinder,
whose contents are to be well mixed and divided into two equal

parts.

One-half of the liquid so obtained is to be set aside, in case it

should be desirable to repeat the determination of the amount of

sulphur which the liquid contains.

The other half of the liquid is to be brought into a flask, or

beaker covered with a large watch-glass, treated with Hydrochloric
Acid sufficient in quantity to leave an excess of acid in the solution,

and then raised to the boiling point. An excess of a solution of

Barium Chloride is now to be added, and the boiling continued

for five minutes. The vessel and its contents are to be allowed

to stand till the Barium Sulphate has settled at the bottom of the

vessel, after which the clear liquid is to be as far as possible poured
off through a paper filter. The remaining liquid and Barium Sul-

phate are then to be brought on to the filter, and the latter is to

be well washed with hot distilled water. (In order to ascertain

whether every trace of Barium Chloride and Ammonium Chloride

has been removed, a small quantity of the washings from the filter

should be placed in a test tube, and a drop of a solution of Silver

Nitrate added
;
should the liquid, instead of remaining perfectly

clear, become cloudy, the washing must be continued until on re-

peating the test no cloudiness is produced.) Dry the filter with

its contents, and transfer it into a weighed platinum crucible.

Heat the crucible over a lamp, increasing the temperature gradually,
from the point at which the paper begins to char, up to bright red-

ness.* When no black particles remain, allow the crucible to

cool
; place it when nearly cold in a desiccator over strong Sul-

phuric Acid, and again weigh it. The difference between the first

and second weighings of the crucible will give the number of grains
of Barium Sulphate. Multiply this number by 1 1 and divide by

4 ;
the result is the number of grains of sulphur in 100 cubic feet

of the gas.
This number is to be corrected for the variations of temperature

and atmospheric pressure in the manner indicated under the head

of Illuminating Power, with this difference, that the mean of the

first and second Aerorthometer readings shall be taken as the

reading.

* An equally good and more expeditious method is to drop the filter with

its contents, drained but not dried, into the red-hot crucible.
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The correction by means of the Aerorthometer reading may
be made most simply and with sufficient accuracy in the following
manner :

When the Aerorthometer reading is between -955--965,

.965-.975, -975-.985, .985-. 995, diminish the number of grains
of Sulphur by 4, 3, 2, and i per cent.

When the Aerorthometer reading is between .995-1.005, no
correction need be made.

When the Aerorthometer reading is between 1.005-1.015,

1.015-1.025, 1.025-1.035, increase the number of grains of Sulphur
by i, 2, and 3 per cent.

Example :

Grains of Barium Sulphate from 5
cubic ft. of Gas ...

10.4

Multiply by 1 1 and divide by 4 -
1 1

4)114.4

Aerorthometer reading,
1.018

Grains of Sulphur in 100 cubic ft. of

Gas (uncorrected) - - - 28.60
Add 28.6 x 1 T = --- .57

Grains of Sulphur in 100 cubic ft. of
Result :

Gas (corrected) - - - -29.17
29.2 grams.

The Aerorthometer reading is the reciprocal of the Tabular
Number. The Gas Examiner shall, not less often than once a

month, compare the Aerorthometer reading with the reciprocal of

the Tabular Number deduced from observations of the Barometer
and Thermometer, and if there is a difference of more than one-

half per cent, the Aerorthometer is to be readjusted.

As to the

MODE OF TESTING THE CALORIFIC POWER OF THE GAS.

This testing shall be made on such days as the Controlling

Authority shall direct.

The Calorimeter to be used in testing the calorific power of

the gas shall be one which has been examined and certified by
the Gas Referees. A description of the Calorimeter is given in

Appendix L.

In order to test the gas for calorific power, the gas shall first

pass through a meter and a balance governor of the same con-

struction as those on the photometer table. It shall then be led

to the gas inlet in the base of the Calorimeter. The gas shall be
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turned on and lighted, and the tap of the Calorimeter shall be so

adjusted as to allow the meter hand to make one turn in from 60
to 75 seconds. The water shall be turned on so that when the

regular flow through the Calorimeter has been established a little

may pass the overflow of the funnel and trickle over into the sink.

Water must be poured in through one of the holes in the lid until

it begins to run out at the condensation outlet. The Calorimeter

may then be placed upon its base. The measuring vessel carrying
the change-over funnel shown in Figs. 16 and 18, pp. 277 and 278,
should then be placed in position in the sink so that the outlet

water is led into the sink. The hot-water outlet tube of the Cal-

orimeter should be above but should not touch the change-over
funnel. After an interval of not less than twenty minutes the Gas

Examiner, after bringing the reading glasses into position on the

thermometers used for measuring the temperature of the inlet and
outlet water, shall then make the following observations. When
the meter hand is at 75 he shall read the inlet temperature; when
it reaches 100 he shall move the funnel so as to direct the outflow

into the measuring vessel and at the same time he shall start the

stop-clock or a stop-watch. When the meter hand reaches 25 he
shall make the first reading of the outlet temperature. He shall

continue to read the outlet temperature at every quarter turn until

fifteen readings have been taken. The meter hand will then be at

75. He shall also at every turn of the meter except the last make
a reading of the inlet temperature when the meter hand is between

75 and 100. When the meter hand reaches 100 after the last out-

let temperature has been read, the Gas Examiner shall shift the

funnel so as to direct the outlet water into the sink again and at the

same time stop the clock or watch. The barometer and the ther-

mometers showing the temperatures of the effluent gas, of the air

near the Calorimeter and of the gas in the meter, shall then be

read. The time shown by the stop-clock shall be recorded. The
mean of the four readings of the inlet temperature is to be sub-

tracted from the mean of the fifteen readings of the outlet tempera-
ture and the difference is to be multiplied by 3 and by the num-
ber of litres of water collected and the product is to be divided by
the tabular number. The difference in degrees Centigrade of the

temperature of the effluent gas and of the surrounding air shall

be taken, and one-sixth of this difference shall be added to the

result previously found if the effluent gas is the warmer of the

two, or subtracted if the effluent gas is the cooler of the two.*

The result is the gross calorific power of the gas in Calories per
cubic foot.

* This correction has been found by experiment.
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In addition to the observations described, the amount of con-
densed water resulting from the combustion of the gas shall be
measured. For this purpose the condensation water shall be led

into a flask not less then twenty minutes after the Calorimeter has
been placed in position. The amount collected in not less than

thirty minutes shall be measured, the time of collection having
been accurately noted.

The number of cubic centimetres collected shall be multiplied

by the number of seconds in the time indicated by the stop-clock
and by the number 1.86. The number of seconds in the time

during which the condensed water was being collected shall be

multiplied by the tabular number. The first product shall be
divided by the second. The quotient is to be subtracted from
the gross calorific power. The difference is the net calorific

power in Calories per cubic foot. The gross and net calorific

power in British Thermal Units can be obtained by multiplying
the corresponding numbers of Calories by 3.968.

A form on which the Gas Examiner may conveniently set down
his observations and the whole of the figures needed for the cal-

culation is given at end of Appendix L. The figures in italic type
are specimen figures, and represent such as might be written by
the Gas Examiner.

As to the

MODE OF TESTING THE PRESSURE AT WHICH
GAS is SUPPLIED.

Testings of pressure shall be made at such times and in such

places as the Controlling Authority may from time to time appoint

(Gas Light and Coke and other Gas Companies Acts Amendment
Act, 1880, Section 6). In order to make this testing the Gas
Examiner shall unscrew the governor and burner of one of the

ordinary public lamps, and shall attach in their stead a portable

pressure gauge. In places where incandescent burners are used
for street lighting, one street lamp in each street or group of streets

may be provided under the lantern with a branch closed by a screw

stopper. The Gas Examiner shall in such cases connect the

pressure gauge by screwing to it an L-shaped pipe fitted with a

union, by means of which it may be connected to the service pipe
in the place of the screw stopper. The L-shaped pipe is to be of

such dimensions as to enable the pressure gauge to be fixed outside

the lantern but at about the same level as the incandescent burner.

It should be provided with a tap.
The gauge to be used for this purpose consists of an ordinary
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pressure gauge enclosed in a lantern, which also holds a candle for

throwing light upon the tubes and scale. The difference of level

of the water in the two limbs of the gauge is read by means of a

sliding scale, the zero of which is made to coincide with the top
of the lower column of liquid (see Appendix M).

The Gas Examiner having fixed the gauge gas-tight, and as

nearly as possible vertical on the pipe of the lamp, and having
opened the cocks of the lamp and gauge, shall read and at

once record the pressure shown. From the observed pressure
one-tenth of an inch is to be deducted to correct for the differ-

ence between the pressure of gas at the top of the lamp column
and that at which it is supplied to the basement of neighbouring
houses.

The pressure prescribed in the Acts of the three Metropolitan
Gas Companies is to be such as to balance from midnight to sunset

a column of water not less than six-tenths of an inch in height, and
to balance from sunset to midnight a column of water not less than

one inch in height.

METERS.

The meters used for measuring the gas consumed in making
the various testings shall be wet meters constructed with measuring
drums which allow one-twelfth of a cubic foot of gas to pass for

every revolution. A hand is fastened directly to the axle of the

drum and passes over a dial divided into one hundred equal
divisions. The dial and hand are protected by a glass. In the

meter employed in testing the purity of gas the pattern of dial for

shovvingthenumberof revolutions and the automatic cut-off hitherto

in use shall be retained, but in the meters employed for testing illu-

minating power and calorific power, only the dial above described

is needed. The meters should be provided with Fahrenheit ther-

mometers. The stop-clock may be either attached to the meter
or separate.

The meters used for measuring the gas consumed in making
the various testings shall have been certified by the Referees, and

shall, at least once in seven days, be proved by the Gas Examiners

by means of the Referees' one-twelfth of a cubic foot measure. A
description of this Instrument, with directions how to use it, is

given in Appendix N.

The results of the testings for illuminating power, calorific power,

purity, and pressure shall be recorded in the form given in Appen-
dix O, and delivered as provided in Section 1 1 of the Gas Light and
Coke and other Gas Companies Acts Amendment Act, 1880, and
in Section 5 (2) of the London Gas Act, 1905.
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These regulations shall be in force from the ist January 1907
until they are superseded by a subsequent Notification.

C V. BOYS,
)

J. S. HALDANE, V
Gas

A. VERNON HARCOURT,

APPENDIX A.

THE TEN-CANDLE PENTANE LAMP.

Mr Harcourt's Ten-Candle.Pentane Lamp is one in which air

is saturated with pentane vapour, the air-gas so formed descending
by its gravity to a steatite ring burner. The flame is drawn into a
definite form, and the top of it is hidden from view, by a long brass

chimney above the steatite burner. The chimney is surrounded

by a larger brass tube, in which the air is warmed by the chimney,
and so tends to rise. This makes a current which, descending
through another tube, supplies air to the centre of the steatite

ring. No glass chimney is required, and no exterior means have
to be employed to drive the pentane vapour through the burner.

Figure i shows the general appearance of the lamp. The
saturator A is at starting about two-thirds filled with pentane.*
It should be replenished from time to time, so that the height of

liquid as seen against the. windows may not be less than one-eighth
of an inch. The saturator A is connected with the burner B by
means of a piece of wide indiarubber tube. The rate of flow
of the gas can be regulated by the stop-cock S9 ,

or by checking
the ingress of air at s^ For this latter purpose a metal cone,

acting as a damper, is suspended by its apex from one end of a

lever, to the other end of which is attached a thread for moving
the cone up or down. The lever is supported by an upright arm

clamped to the upper end of the stop-cock immediately beneath
the cone. From the top of the lamp the thread descends to a
small pulley on the table, and thence passes horizontally to the

end of a screw moving in a small block, by turning which the gas
examiner can regulate the lamp without leaving his seat. It is

best so to turn the stop-cock s
2

as to allow the flame to be

definitely too high, but not to turn it full on, before letting down

* Caution, Pentane is extremely inflammable; it gives off at ordinary
temperatures a heavy vapour which is liable to ignite at a flame at a lower level

than the liquid. The Saturator must never have pentane poured into it ivhen
in position, if the lamp or the gas of the photometer is alight.
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the regulating cone to its working position. Both stop-cocks
should be turned off when the lamp is not alight.

The chimney tube c c should be turned so that no light

passing through the

mica window near its

base can fall upon
the photoped. The
lower end of this

tube should, when
the lamp is cold, be
set 47 millimetres

above the steatite

ring burner. A
cylindrical boxwood

gauge, 47 millimetres

in length and 32 in

diameter, is provided
with the lamp to

facilitate this adjust-
ment. The exterior

tubeD communicates
with the interior of

the ring burner by
means of the con-

necting box above
the tube E and the

bracket F on which
the burner B is sup-

ported. A conical

shade G is provided.
This should be

placed so that the

whole surface of the

flame beneath the

tube c may be seen

at the photoped
through the opening.

The lamp should

be adjusted by its

levelling screws so

that the tube E, as

tested with a plumb-line, is vertical, and so that the upper sur-

face of the steatite burner is 353 millimetres from the table.

A gauge is provided to facilitate this latter measurement. The
tube c is brought centrally over the burner by means of the

FIG. i.
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three adjusting screws at the base of the tube D. These three

screws should not be quite screwed up, but only sufficiently so

to keep the chimney tube central. The adjustment is facilitated

by means of the boxwood gauge.
When the lamp is in use the stop cocks are to be regulated

so that the tip of the flame is about half-way between the bottom

of the mica window and the crossbar. A variation of a quarter
of an inch either way has no material influence upon the light of

the flame. The saturator A should be placed upon the bracket

as far from the central column as

the stop at the end will allow.

If it is found that, after the lamp
has been lighted for a quarter
of an hour, the tendency of the

flame is to become lower, the

saturator may be placed a little

nearer the central column.

To prevent a gradual accu-

mulation of dust in either the

burner or the air passage, a

small cover of the size of the

top of B and shaped like the lid

of a pill box should be kept

upon the lamp when not in use.

The following are the more

important dimensions on which

the precision of the lamp de-

pends ;
but no departure should

be made from any of the dimen-

sions as shown by the working

drawings. All dimensions are

given in millimetres.

Saturator, A. 184 x 184 x

38 deep, inside mea-

surement, with seven

partitions alternately

meeting either side and stopping 25 short of the

opposite side to cause the air to pass eight times across

the box. These partitions must be soldered to the

top, not to the bottom of the box.

Siphon Tube from Saturator. Outer diameter, 14 (half-inch

full).

Indiarubber Tube. Inner diameter, 13 (half-inch).

Steatite burner. Outer diameter, 24; Inner diameter, 14;

30 holes, not less than 1.25 or more than 1.5 in

FIG. 2.
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diameter. (The holes must be evenly spaced, and in

any one burner they must not differ from one another
in diameter by more than .05 millimetre.)

Brass Chimney, c. Outer diameter, 32 ;
Inner diameter,

30; Length, 431.
Brass Outer Tube, D. Outer diameter, 52 ;

Inner diameter,

50; Length, 290; Chimney c projects 68 below and

73 above the tube D.

Brass Tube, E. Outer diameter, 25 ;
Inner diameter, 23 ;

Length, 529^; Distance between axis of tube E and
axis of tubes c and D, 67.

Shade, G. Diameter of base, 102
;

Diameter at top, 55 ;

Height, 57 ; Opening 38 within, 34 without. The
structure of the actual burner is shown in the sectional

drawing, Fig. 2.

The working drawings are kept at the Gas Referees' office,

and may be seen, and notes may be made, after permission in

writing has been obtained from the Referees.

Note. The entrance pipe for the pentane, shown dotted in Fig. 2,

should be more nearly horizontal, as shown in Yig. I.

APPENDIX B.

The pentane to be used in the lo-candle Lamp should be

prepared and tested in the following manner :

Preparation. Light American petroleum, such as is known
as Gasoline and used for making air-gas, is to be further rectified

by three distillations, at 55 C., 50, and 45 in succession. The
distillate at 45 is to be shaken up from time to time during two

periods of not less than three hours each with one-tenth its bulk

of (i) strong sulphuric acid, (2) solution of caustic soda. After

these treatments it is to be again distilled, and that portion is to

be collected for use which comes over between the temperatures
of 25 and 40. It will consist chiefly of pentane, together with

small quantities of lower and higher homologues whose presence
does not affect the light of the lamp.

Testing. The density of the liquid pentane at 15 C. should

not be less than 0.6235 nor more than 0.626 as compared with

that of water of maximum density. The density of the pentane
when gaseous, as compared with that of hydrogen at the same

temperature and under the same pressure, may be taken. This

is done most readily and exactly by Gay' Lussac's method, under

a pressure of about half an atmosphere and at temperatures
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between 25 and 35. The density of gaseous pentane should
lie between 36 and 38.

Any admixture with pentane of hydrocarbons belonging to

other groups and having a higher photogenic value, such as

benzene or amylene, must be avoided. Their presence may be
detected by the following test. Bring into a stoppered 4-oz.

bottle of white glass 10 c.c. of nitric acid, specific gravity 1.32

(made by diluting pure nitric acid with half its bulk of water) ;

add i c.c. of a dilute solution of potassium permanganate, contain-

ing o.i gram of permanganate in 200 c.c. Pour into the bottle

50 c.c. of the sample of pentane, and shake strongly during five

successive periods of twenty seconds. If no hydrocarbons other

than paraffins are present, the pink colour, though somewhat

paler, will still be distinct
;

if there is an admixture of as much
as ^ per cent, of amylene or benzene, the colour will have

disappeared.

APPENDIX C.

The Provision of Pentane for use in the Testing Places.

The following is the procedure which the Gas Referees have

arranged with the Gas Companies for the provision and testing
of pentane :

Each of the Gas Companies shall keep upon their premises
one or more properly closed vessels capable of containing from

fifty to one hundred gallons of pentane, subject to any arrange-
ment by which a Gas Company may obtain their supply of pentane
which has been certified by the Gas Referees from another Gas

Company.
When a supply of pentane is needed for use in the testing

places, a number of metal cans with screw stoppers, of a pattern

approved by the Gas Referees, shall be provided sufficient to

contain the whole quantity required.
The Gas Referees shall then be informed by letter that this

quantity of pentane awaits their examination; and they will

arrange to attend at the premises where the pentane is stored.

They will see the cans filled, and will affix a numbered lead seal

to each can.

They will then take away one or more of the cans for examina-
tion

;
the remaining cans must be kept until the Gas Referees

have reported on the quality of the pentane.
If the results of their testings are satisfactory, they will prepare

as many labels as there are cans of pentane. Each label will
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bear the embossed stamp of the Gas Referees, and will be
numbered with the number or numbers impressed upon the lead

seals on the cans. These labels will then be sent to the Company
for attachment.

No cans of pentane which the Gas Referees have certified

are to be supplied to or used by any person or persons other

than the Gas Examiners at the several testing places without the

written permission of the Gas Referees, and a record must be

kept by the Gas Company of the number of cans thus certified

from time to time specifying the date and the testing places to

which they have been sent. If, however, application should be

made to the Gas Referees by the London County Council, the

Corporation of London, or any of the Metropolitan Gas Com-
panies, to examine and certify pentane in reasonable quantities
for non-official testings, they will be willing to do so.

If the Gas Referees, after examination, find that the sample
of pentane taken from any vessel does not satisfy the requirements
of their notification, they will inform the Gas Company of the

fact
;
and in such case the lead seals are to be cut off from the

other cans filled from the same vessel, and returned to the Gas
Referees.

The Gas Companies will send tha certified cans of pentane
to the testing places in their several districts. The Gas Examiner
at any testing place will take the presence of the Gas Referees'

lead seal and label, bearing identical numbers, upon any can,
as evidence that the pentane therein has been certified, and no

pentane shall be used in any testing that has not been so

certified.

APPENDIX D.

THE TABLE PHOTOMETER.

The several parts of the apparatus stand upon a well-made

and firm table, 5 feet 6 inches by 3 feet 6 inches, and 2 feet

5 inches high. The upper surface of this table is smooth, level,

and dead black. Upon this are placed or clamped in the posi-
tions shown in Fig. 3 :

1. The Gas Meter.

2. The Gas Governor.

3. The Regulating Tap.
4. The "

Metropolitan Argand Burner, No. 2," and Sliding
Base.
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5. The Flat Flame Burner and Sliding Base.

6. The Slide, Connecting Rod and Photometric Scale, and
Index.

FIG. 3.

7. The Connecting Pipes.
8. The Pentane Ten-Candle Lamp.
9. The Photoped.

10. The Aerorthometer.

R
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11. The Stop-Clock.
12. Dark Screens; Mirrors; Measuring Rod; Small Block,

and Pulley.

i. The Gas Meter.

The Gas Meter is sufficiently described on p. 250 of the

Notification.

2. The Gas Governor.

The Gas Governor must be such as will effectually do away
with any variation of pressure produced by the working of the

FIG. 4. THE REGULATING TAP.

meter or other causes. A loose blackened screen, 8| inches high

by 6 inches wide, should be placed upon the base of the governor
near the tank to prevent the water in the tank being heated by
the flame of the gas burner.

3. The Regulating Tap.

This must have a large well-fitting conical plug with a round
hole on each side of such a size as to allow gas to pass at the
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rate of about 4 cubic feet per hour under the pressure at the

outlet of the governor. In addition there must be narrow saw-

cuts on opposite sides of the two holes when viewed in plan,
which will allow an additional passage of about 2 cubic feet of

gas per hour when the tap is so turned that the holes and the

saw-cuts are both opposite the orifices of the fixed part of the

tap. The construction of the tap is shown in Fig. 4. The

FIG. 5.

index must be secured to the conical plug without any play, and
its pointed end must pass over a scale graduated in degrees upon
an arc of not less than 80 millimetres radius. The arc is to

extend over 90, and the degrees are to be numbered from o

to 90. The arc is to be made of white enamel glass, and the

divisions are to be etched upon it, and the marks filled in with

black. The tap is to be off when the pointer is at one extremity
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Q

of the arc at o, and fully on when it is at the other extremity at

90. The small hole should be fully open at about 20 so that

the action of the saw-cuts may extend over the remaining portion
of the arc.

The tap must be kept clean and sufficiently lubricated to

work easily.

4. The "
Metropolitan Argand Burner No. 2."

This is the burner described in Appendix E. It is to be
mounted upon a tripod capable of moving upon the slides fixed

to the table so that its distance from the photoped can be adjusted

by means of the connecting rod. The construction of the cast-

iron foot and slide is shown in Fig. 5. The height of the top of

the cone is 353 millimetres above the table. The axis of the

burner should be vertical.

5. The Flat Flame Burner.

The flat flame burner is Bray's "No. 7 Economiser" fitted

over a Bray's
" No. 4 Regulator."

The No. 7 Economiser is a slit burner,
the width of the slit being .024 inch.

The No. 4 Regulator is a union jet bur-

ner. Both the economiser and burner

contain gauze to steady the flow of gas.
The burner is carried upon a sliding

foot of the same construction as that

used for the Metropolitan Argand Burner

No. 2. An adapter is used to bring the

height of the top of the burner to 353
millimetres above the table, and the bur-

ner is so turned that the plane of the

flame makes an angle of about 45 with

the line joining it and the slit in front of

the photoped. When the Argand is being used the sliding foot

carrying the flat flame burner may be made to stand out of the

way as shown in Fig. 3. When the flat flame burner is being
used the sliding foot carrying it is placed upon the slide and
the Argand is pushed back as far as it will go, or if necessary it

may be lifted off the slide. In either case the chimney should

be removed so as not to reflect light upon the photoped.

6. The Slide, Connecting Rod, and Photometric Scale.

The slide fixed to the table on which the bases of the burners

move constitutes with either of them a geometric slide, there being

FIG. 6.
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the necessary five independent points of support. A rod of drawn

brass, half an inch in diameter, is supported by three feet screwed
to the table so that its under surface is one-eighth of an inch above
the table. This rod is screwed down so as to be 50 millimetres to

the left of the line, shown dotted in Fig. 3, which joins the gas
burner with the slit in front of the photoped. Parallel with this,

and at such a distance as to allow the wheel on the foot to run

upon it, is screwed a piece of flat rolled brass, as shown. Exactly
50 millimetres from the centre of the upright gas

pipe, and in a direction at right angles to the line

of motion, a hole, J inch in diameter, is made in

the foot of each burner, into which a slightly

tapered pin near one end of the connecting rod is

to be placed, so that the burner may be pulled on
the slide by the observer. This connecting rod is

supported near the other end, as shown in Fig. 3,

by a block, so placed that the rod is parallel with

the dotted line already mentioned. The details of

this block are shown in Fig. 6. The connecting
rod has let into it at the observer's end a strip of

white enamel glass, on which is etched a photo-
metric scale extending from 8 to 17 candles, and
divided into tenths of a candle. A portion of this

scale and the pattern to be followed is shown in

Fig. 7. The index of the block is adjustable, so

that when the Argand burner is placed at the 10
candle distance by means of the measuring rod, as

described under (12), the index may be clamped
over the division 10. Then at all distances the

number read upon the scale will accurately repre-
sent the candle-power of the gas flame.

6

D
7. The Connecting Pipes.

These are to be made of half-inch (outside

measure) composition piping except in the case of

the two pipes which connect the three-way tap on FlG - 7-

the table with the two burners, where flexible

metallic tube is to be used. They are to be connected with the

different pieces of apparatus by f-inch unions, except in the case
of the gas meters, where the unions belonging to the meter may
be retained. In all cases the boss of the union is to be attached
to the apparatus and the cap and lining to the ends of the connect-

ing pipe. These pipes are to be placed above the table. No
grooves, recesses, or holes, other than the screw holes for the screws

referred to in this Appendix, are to be made in the table.
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8. The Ten-Candle Pentane Lamp.

This is described in Appendix A.

The lamp is placed in position upon the table, the exact dis-

tance of the steatite ring from the photoped being determined by
means of the measuring rod as described under (12), p. 265. The
swivel feet, which should fit loosely on the screws, shall then be

clamped in position by the aid of the clamps shown in Fig. 8.

The height of the top of the steatite burner is 353 millimetres

above the table.

9. The Photoped.

The photoped is represented in Fig. 9 ;
it consists of the follow-

ing parts : a plate, 100 millimetres square, with a central hole, 21

millimetres square. This is held in a vertical position by an up-

FIG. 8.

right support so that the centre of the square is 400 millimetres

above the table. The upright is carried by a tripod with flat feet

clamped to the table by clamps as shown in Fig. 9. To one face

of the square plate is fastened, by two binding screws, a clamping

plate, 60 x 40 millimetres, also with a central hole, 2 1 millimetres

square, so that the two openings are opposite one another. A
piece of suitable white paper is pinched between the two plates so

as to cover the openings and project a little way below the clamp-

ing plate. To the upper surface of the square plate is fixed a strip

of glass, so that the lower edge is close to, and exactly parallel to,

the plate, while the upper edge is so much in advance as will allow

the reflection of the flames described on p. 267 to be observed.

The clamping plate carries centrally a horizontal tube about 35
millimetres in diameter and 30 in length. In this slides smoothly
a smaller tube containing a diaphragm in which a rectangular slit,

25 x 7 millimetres, has been cut.
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10. The Aerorthometer.

The Aerorthometer is described and illustrated in Appendix F.

In using the Aerorthometer, turn the screw up until the level

of the mercury in the open tube is some distance below that of the

mercury in the bulb tube ;
then turn the screw slowly down until

the mercury stands at the same level in both tubes. The division

at which the mercury now stands is the Aerorthometer reading.

FIG. 9.

The Gas Examiner shall, not less often than once a month,

compare the Aerorthometer reading with the reciprocal of the

Tabular Number deduced from observations of Barometer and

Thermometer, and if there is a difference of more than one-half

per cent, the Aerorthometer is to be readjusted. If at any time

the Aerorthometer is out of order the reciprocal of the tabular

number is to be used.
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ii. The Stop- Clock.

This is the clock ordinarily used in testing places, either attached

to the meter or independent of it. It must be provided with

mechanism for starting and stopping. It will facilitate the com-

parison with the standard clock if it is made to give an audible

sound, by means of a bell or otherwise, at the completion of each

minute, and the number of minutes up to ten at least should be

indicated by a separate hand.

12. Dark Screens ; Mirrors ; Measuring Rod.

Five dark screens are provided in order to prevent the inac-

curacy and inconvenience to which stray light would give rise.

The first is placed between the burners and the photoped in

the position shown in Fig. 3. This screen is 500 millimetres wide

and 400 millimetres high with its lower edge 100 millimetres above
the table. It has two rectangular openings. The opening to the

left is 40 millimetres wide and 55 high, and its lower edge is 350
millimetres above the table. The opening to the right is 75 milli-

metres wide, its lower edge is 340 millimetres above the table,

and it extends to the top of the screen. The centre lines of these

two openings are 300 millimetres apart. The screen is carried by
two feet hinged to the table as shown in Fig. 3. Care must be
taken that it is so placed that the whole of the flame under the tube

c of the lo-candle lamp and the whole of the chimney and burner

of the Argand or the whole of the flat flame can be seen through
all parts of the slit in front of the photoped when the paper is

removed for that purpose.
The second dark screen consists of a piece of black velvet or

black cloth 350 millimetres square stretched on a frame and sup-

ported so that its lower edge is 150 millimetres above the table. In

this is cut a hole 50 millimetres square with its lower edge 380 milli-

metres above the table. This screen is placed close to the photoped
but on the opposite side to that facing the lamps, and with the square
hole opposite the square hole in the plate of the photoped. To
the right side of the frame is hinged a light frame 350 millimetres

high and 300 wide, with its lower edge 150 millimetres above the

table. On this also is stretched black velvet or black cloth. This

prevents the illuminated dial of the meter or arc of the regulating

tap from interfering with the photometric observations, while at the

same time it can be readily moved when these are to be observed.

The third dark screen is about 500 millimetres wide and 570
high. The fourth is about 450 wide and 570 high. These may
be made of card painted dead black, or of thin wood, and may be
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placed approximately in the positions shown in Fig. 3 and with

their lower edges 180 millimetres above the table. In the fourth

screen there is an opening about 150 millimetres square, fitted

with glass of neutral tint, through which the height of the flame

may be observed without fatiguing the eye.
The fifth dark screen consists of a piece of black velvet or cloth

large enough to form a black background to the lamps when viewed
from the photoped. It is best placed upon the wall, but if that is

inconvenient or other objects intervene, it should be supported on
a stand, but always so as to be at least 300 millimetres behind the

flames of the photometer.
Three small mirrors are carried on light stands. One of these

is made of ordinary flat silvered glass and is so placed as to enable
the Gas Examiner, when seated at the photoped end of the table,

on moving his head to the left of the second dark screen, to see

by reflection the tip of the flame of the lo-candle lamp through
the mica window in the tube c.

The second, which should be about 120 millimetres in dia-

meter, is convex, and should have a radius of curvature of about

400 millimetres. It is placed on the observer's right, and is so

inclined that it casts a divergent beam of subdued light upon the

divided arc of the regulating tap, upon the face of the meter, upon
the aerorthometer, and upon the Gas Examiner's note-book.

The third, which is of flat glass, is placed on the top of the

second screen, and is so arranged as to throw light on the photo-
metric scale.

All the apparatus on the table upon which light can fall and
which might by reflection illuminate the photoped, or catch the

eye of the operator, is to be painted dead black
; or, if of finished

brass, it is to be bronzed before being lacquered.
The correct position of the photoped and of the burners is to

be verified as follows : A measuring rod has securely fastened to

it transversely a cylindrical and shouldered plug which just fits into

the steatite rings of the lo-candle lamp and of the Metropolitan
Argand, there being a step on the plug to enable it to be used for

either. The rod is balanced about and rests upon the burner.

The rod is to be 1,000 millimetres from the axis of the plug to

the extremity of the rounded ivory point. The rod must be

capable of being placed in either burner without disarranging it,

except in the removal of the glass chimney of the Metropolitan
Argand or the conical shade of the ro-candle lamp. When the

rod is in position upon either burner and the long end is moved

gradually round toward the photoped, it should just come in

contact with the paper under the clamping plate at the middle

point.
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FIG. 10. THE METROPOLITAN AKGAND BURNER No. 2.
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When the burners have been lighted and the flames turned low,
the reflection of one is to be observed over the other in the glass of

the photoped. It should appear central
;
in that case the photoped

is symmetrically placed with respect to the two burners. If the

reflection does not appear central, the nut on the standard is to be

loosened, and the plate turned until the reflection is central. The
two lights are then to be turned up and the slit is to be moved in

or out until the two rectangular spaces illuminated by the two lights

just meet but do not overlap.
A pattern Table Photometer is set up in the Gas Referees'

Office. This may be seen after permission in writing has been
obtained from the Referees.

APPENDIX E.

The burner which has been adopted as the Standard Burner
for testing gas was devised by Mr. Charles Carpenter, and has been
called by him "The Metropolitan Argand Burner No. 2."

A full-sized drawing showing details is given in Fig. 10, on
which also are marked the important dimensions. While these are

given in every case to the nearest thousandth of an inch, this degree
of accuracy is not essential. The important dimensions are those

governing the gas and air passages, but all should be adhered to

as nearly as workshop practice allows.

The annular chamber from which the gas issues is made of

steatite.

The chimney to be used with this burner is 6 inches long and

if- inch in internal diameter.

Each testing place is provided with a box containing two wire

gauges, one 0.058 inch, and the other 0.062 inch in diameter.

The Gas Examiner must once in every month pass the smaller

gauge through every hole in the burner, so as to clear out any loose

obstruction or detect any hard concretion that might interfere with

the proper discharge of the gas. He should at the same time

satisfy himself that the larger gauge will not pass through the holes.
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FIG. ii.
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APPENDIX F.

THE AERORTHOMETER.

This is illustrated in Fig. 1 1. The mode of reading the instru-

ment has been explained, p. 263 (10). A reading furnishes the

figure required for correcting the volume of a gas measured over

water at any ordinary temperature and pressure to that which the

gas would have if measured over water under a pressure of 30
inches of mercury and at a temperature of 60 Fahr. Thus its

reading corresponds to the figure derivable from a reading of the

barometer and the thermometer and a reference to a table giving
the tension of aqueous vapour at different temperatures. The in-

strument consists of a bulb and vertical stem in which sufficient

water is present to ensure that the air is saturated. The measur-

ing tube, which terminates in a closed bulb, and a companion tube

of the same calibre which is open to the air, dip into a reservoir of

mercury in the base, the capacity of which can be adjusted by a

regulating screw pressing on a leather cover. The relative volume
of the bulb and tube down to any division is represented by the

number belonging to that division. The capillary tube above the

bulb is closed by a very small amount of sealing wax. In order to

adjust the instrument the sealing wax is softened by heat and a

small hole made through it. When the bulb has acquired the

temperature of the air the regulating screw is to be turned until the

two columns of mercury stand level at the calculated Aerortho-

meter reading. Then the sealing wax stopping is again melted

where it was perforated, by being touched from above with a heated

wire while the base of the tube and the bulb are protected from

heat by a wrapping of cotton wool.
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APPENDIX G.

TABULAR NUMBERS, BEING A TABLE TO FACILITATE THE
AT DIFFERENT TEMPERATURES AND UNDER

BAR.
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APPENDIX G.

CORRECTION OF THE VOLUME OF GAS MEASURED OVER WATER
DIFFERENT ATMOSPHERIC PRESSURES.

THERMOMETER FAHRENHEIT.
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APPENDIX H.

TEST FOR SULPHURETTED HYDROGEN.

The apparatus represented by Fig. 12 consists of a plate with

a circular channel half filled with mercury in which rests a bell-

glass, held down in position by an arm and cap not shown in

the figure. A central tube connected below with the gas inlet rises

nearly to the top of the bell-glass, and carries midway wires pointed
and curved at the end, from each of which a slip of lead paper
hangs.

A second pipe passing through the plate and terminating above

FIG. 12.

in a short elbow provides an outlet for the gas, which is burnt as

it issues from a governor-burner passing gas at about the rate of

five cubic feet per hour.

APPENDIX K.

SULPHUR TEST.

The apparatus to be employed is represented by Fig. 13, and
is of the following description : The gas is burnt in a small Bun-
sen burner with a steatite top, which is mounted on a short cylin-
drical stand, perforated with holes for the admission of air, and
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having on its upper surface, which is also perforated, a deep cir-

cular channel to receive the wide end of a glass trumpet- tube.

There are both in the side and in the top of this stand fourteen

holes of 5 millimetres in diameter, or an equivalent air-way.
On the top of the stand, between the narrow stem of the burner

and the surrounding glass trumpet-tube, are to be placed pieces of

commercial sesqui-carbonate of ammonia weighing in all about 2

ounces.

The products both of the combustion of the gas and of the

gradual volatilisation of the ammonia salt go upwards through the

trumpet-tube into a vertical glass cylinder with a tubulure near

the bottom, and drawn in at a point
above this to about half its diameter.

From the contracted part to the top
the cylinder is packed with balls of

glass about 15 millimetres in diameter,
to break up the current and promote
condensation. From the top of this

condenser there proceeds a long glass

pipe or chimney slightly bent over at

the upper end, serving to effect some
further condensation, as well as to

regulate the draught and afford an exit

for the uncondensable gases. In the

bottom of the condenser is fixed a

small glass tube, through which the

liquid formed during the testing drops
into a flask placed beneath.

The following cautions are to be
observed in selecting and setting up
the apparatus :

See that the inlet pipe fits gas-tight
into the burner, and that the holes in

the circular stand are clear. If the burner gives a luminous

flame, remove the top piece, and having hammered down

gently the nozzle of soft metal, perforate it afresh, making as small

a hole as will give passage to two-thirds of a cubic foot of gas per
hour at a convenient pressure.

See that the tubulure of the condenser has an internal diameter

of not less than 18 millimetres, and that its outside is smooth and
of the same size as the small end of the trumpet-tube ;

also that

the internal diameter of the contracted part is not less than 30
millimetres.

See that the short piece of indiarubber pipe fits tightly both to

the trumpet-tube and to the tubulure of the condenser.

FIG. 13.
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The small tube at the bottom of the condenser should have its

lower end contracted, so that when in use it may be closed by a

drop of water.

The indiarubber pipe at the lower end of the chimney-tube
should fit into or over, and not simply rest upon, the mouth of the

condenser.

A central hole, about 50 millimetres in diameter, may with

advantage be made in the shelf of the stand. If a beaker is kept
on the table below, the liquid will still be preserved if by any
accident the flask is not in its place.

APPENDIX L.

THE GAS CALORIMETER.

The Gas Calorimeter, which has been designed by Mr Boys,
is shown in vertical section in Fig. 14. It consists of three parts,

which may be separated, or which, if in position, may be turned

relatively to one another about their common axis. The parts are

(i) the base A, carrying a pair of burners B, and a regulating tap.

The upper surface of the base is covered with a bright metal plate
held in place by three centering and lifting blocks c. The blocks

are so placed as to carry (2) the vessel D which is provided with

a central copper chimney E and a condensed water outlet F.

Resting upon the rim of the vessel D are (3) the water circulating

system of the calorimeter attached to the lid G. Beginning at the

centre where the outflow is situated there is a brass box which acts

as a temperature equalising chamber for the outlet water. Two
dished plates of thin brass K K are held in place by three scrolls

of thin brass L L L. These are simply strips bent round like

unwound clock springs, so as to guide the water in a spiral direc-

tion inwards, then outwards and then inwards again to the outlet.

The lower or pendent portion of this box is kept cool by circulat-

ing water, the channel for which may be made in the solid metal,
as shown, on the right side, or by sweating on a tube as shown on
the left. Connected to the water channel at the lowest point by
a union are five or six turns of copper pipe such as is used in a

motor car radiator of the kind known as Clarkson's. In this a

helix of copper wire threaded with copper wire is wound round the

tube, and the whole is sweated together by immersion in a bath of

melted solder. A second coil of pipe of similar construction sur-

rounding the first is fastened to it at the lower end by a union.

This terminates at the upper end in a block, to which the inlet

water box and thermometer holder are secured by a union as shown
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at o. An outlet water box p and thermometer holder are simi-

larly secured above the equalising chamber H. The lowest turns

_LNCH5

FIG. 14.

of the two coils M'N are immersed in the water which in the first

instance is put into the vessel D.
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Between the outer and inner coils M N is placed a brattice Q
made of thin sheet brass, containing cork dust to act as a heat in-

sulator. The upper annular space in the brattice is closed by a

wooden ring, and that end is immersed in melted rosin and bees-

wax cement to protect it from any moisture which might condense

upon it. The brattice is carried by an internal flange which rests

upon the lower edge of the casting H. A cylindrical wall of thin

sheet brass, a very little smaller than the vessel D, is secured to

the lid so that when the instrument is lifted out of the vessel and

placed upon the table the coils are protected from injury. The
narrow air space between this and the

vessel D also serves to prevent inter-

change of heat between the calori-

meter and the air of the room.
The two thermometers for reading

the water temperatures and a third for

reading the temperature of the outlet

air are all near together and at the

same level. The lid may be turned
round into any position relatively to

the gas inlet and condensed water

drip that may be convenient for ob-

servation, and the inlet and outlet

water boxes may themselves be turned

so that their branch tubes point in any
direction.

A regular supply of water is main-

tained by connecting one of the two
outer pipes of the overflow funnel

shown in Fig. 15 to a small tap over

the sink. The overflow funnel is

fastened to the wall about i metre
above the sink and the other outer

pipe is connected to a tube in which
there is a diaphragm with a hole about 2.3 mm. in diameter.

This tube is connected to the inlet pipe of the calorimeter.

A piece of stiff rubber pipe long enough to carry the outflow

water clear of the calorimeter is slipped on to the outflow

branch and the water is turned on so that a little escapes

by the middle pipe of the overflow funnel, and is led by a third

piece of tube into the sink. The amount of water that passes

through the calorimeter in four minutes should be sufficient to fill

the graduated vessel shown in Fig. 16 to some point above the

lowest division, but insufficient in five minutes to come above the

highest division. If this is not found to be the case, a moderate

u

FIG. 15.
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lowering of the overflow funnel or reaming out of the hole in the

diaphragm will make it so. The overflow funnel should be pro-
vided with a lid to keep out dust.

The thermometers for

reading the temperature of

the inlet and outlet water

should be divided on the

Centigrade scale into tenths

of a degree, and they should

be provided with reading
lenses and pointers, such as

are shown in Fig. 17, that

will slide upon them. The
thermometers are held in

place by corks fitting the

inlet and outlet water boxes.

The positions of these ther-

mometers should be inter-

changed every month. The
thermometers for reading the

temperature of the air near the

instrument and of the effluent

gas should be divided on the

Centigrade scale into degrees.
The flow of air to the

burners is determined by
the

the

inlet and at the outlet. The
blocks c which determine

the restriction at the inlet

are made of metal -^ inch

or about 5 millimetres thick,

while the holes round the lid

which determine the restric-

tion at the outlet are five in

number and are f inch or

1 6 millimetres in diameter.

The thermometer used for

finding the temperature of

the effluent gas is held by a

cork in the sixth hole in the

lid so that the bulb is just above the upper coil of pipe.
The calorimeter should stand on a table by the side of a sink

so that the condensed water and hot-water outlets overhang and

is

the degree to which

passage is restricted at

Jp-Ja I Ll U Ll Ll L

FIG. 16.
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FIG. 17.

should be taken

that the small

side hole is not

covered by the

tube. A glass
vessel must be

provided of the

size of the ves-

sel D contain-

ing water in

which is dis-

solved suffi-

cient carbonate

of soda to make
it definitely al-

kaline. The ca-

lorimeter after

use is to be

lifted out of its

vessel D and

placed in the

alkaline solu-

tion and there

left until it is

again required
for use. The

liquid should

not, when the

deliver into the sink.

A suitable change-
over funnel is shown
in Fig. 1 8. A piece
of indiarubber tube

reaching nearly to the

base should be at-

tached to the waste

waterpipe so as to

avoid splashing, and
another piece may
conveniently be

slipped on to the

condensed water out-

let so as to lead the

condensed water into

a flask, but care

Li LT"L MU

FIG. 18.
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calorimeter is placed in it, come within 2 inches of the top of the

vessel. The liquid must be replenished from time to time, and
its alkalinity must be maintained.

CALORIFIC POWER OF GAS.

FORM WITH EXAMPLE OF CALCULATION (see p. 249).

Water. Air.

Inlet. Outlet. Inlet. Outlet. Time by Stop-Clock.

8,45 C. 33.22 C. 7j C. 12 C. 4 min. 2 sec. = 242 sec.

.23 One-sixth difference =0.5.
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APPENDIX M.

THE GAS REFEREES' STREET LAMP PRESSURE GAUGE.

This instrument is for the purpose of testing in any street at

any hour the pressure at which gas is supplied. Its construction

and mode of use are as follows :

Within a lantern, provided with a

handle for carrying and feet for resting
on the ground, is placed a candle-lamp,
to give light for reading the gauge. In

front of the candle-lamp is a sheet of

opal glass, and in front of this a glass

U tube, partly filled with coloured

water, and communicating at one end
with the air, at the other with a metal

pipe, which passes through the bottom
of the lantern. In order to read easily
and accurately the difference of level

of the liquid in the two limbs, a scale

divided into tenths of an inch is made
to slide between them with sufficient

friction to retain it in any position.
The zero of the scale having been

brought level with the surface of the

liquid which is exposed to the gas,
the height above this of the surface

which is exposed to the air can be read

directly. The lantern is closed in

front by a glass door, at each side of

which is a reflector for throwing light

upon the scale of the gauge. Above
each limb of the U tube is a tap which
can be closed when the instrument is

not in use, to prevent the liquid being
accidentally spilt.

To make a testing of pressure the

governor and burner of a street lamp
are to be removed, and the pressure

gauge is to be screwed on to the gas-

pipe, by which it is supported. In

places where incandescent burners are

used, the L-shaped pipe described on

p. 249 is to be used for the attachment
of the pressure gauge. The cock is

FIG. 19.
then turned on, and a reading made.
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If on turning off the cock the level of the liquid is unchanged, or

changes slowly, the reading is correct; but if the level changes

quickly, the junction between the lamp and the gauge must be
made more perfect, and the testing repeated. A small leakage
is immaterial, provided the cock is turned fully on.

The pressure at the top of a lamp column is greater by about

o.i inch than that at the main, which is the pressure required.

Accordingly a deduction of o. i inch from the observed pressure is

to be made.

APPENDIX N.

THE GAS REFEREES' ONE-TWELFTH OF A CUBIC FOOT
MEASURE.

This instrument, which was designed by Mr Harcourt, is

represented in Fig. 20; it consists of a vessel of blown glass of a

cylindrical form with rounded ends terminating in short tubes about

40 millimetres in diameter outside, which tubes are reduced at

their outer ends to about 20 millimetres in diameter outside. Lines

are etched round each tubular neck in such positions that the capa-

city of that portion of the vessel included between these marks is

exactly one-twelfth of a cubic foot when the glass is at the ordinary

temperature. No correction is needed for the cubical expansion
of the glass. The two tubular necks of the instrument pass through
two boards placed below and parallel to the top of a small four-

legged table. For convenience the upper one of these two boards

is made in two parts and hinged to the legs.

Into each end of the instrument a glass tube about 8 millimetres

in diameter outside is fitted gas and water-tight by means of india-

rubber corks, in such positions that the inner end of the upper
tube lies exactly in the plane of the mark at its end of the instru-

ment, while that of the lower is about i mm. below the mark.

The upper tube terminates in a T, each branch of which is

provided with a stop-cock.
A separate stand carries two shelves, the upper one about 40

millimetres below the level of the upper mark and the lower one
below the level of the lower mark. The lower shelf is adjustable,
and must be so placed that the action about to be described shall

take place.
A water vessel is provided having a capacity of about one-tenth

of a cubic foot. It should be made of brass or copper, tinned on
the inside. It has a tubulure near the bottom, to which is fitted a

metal tap. The end of the tap is to be turned slightly downwards,
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and is to have a diameter outside of about 8 millimetres. The
size of the way through the tap and of the connections is such that

when a meter is being proved in the manner to be described, the

water fills the instrument from one mark to the other in about one
minute. The water vessel has a tubulure above for filling it, closed

by a cork through which passes a narrow glass tube, so that

FIG. 20.

air may enter or escape. The end of the tube is bent round upon
itself in the form of a crook, so as to exclude dust and dirt. An
indiarubber tube connects the tube at the base of the measure

with the stop-cock of the water vessel. An ordinary chemical

thermometer is provided for taking the temperature of the water.

The pipe supplying gas to each meter is provided near the
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meter with a three-way stop-cock carrying a short branch pipe, so

formed that it either connects the gas supply only with the

branch pipe, the meter only with the branch pipe, or the gas

supply with the meter, in which latter case the branch pipe is cut

off from both. The index of the tap shows which communi-
cation is open. The branch pipe is so shaped as to be convenient
for the attachment of an indiarubber tube.

In order to put the instrument in adjustment the water vessel

is placed upon the upper shelf, and water is poured into it until the

water has risen about one-quarter of an inch in the upper narrow
tube of the glass measure. One branch of the glass T is then
connected by an indiarubber pipe with the branch of the three-way
stop-cock. This is now turned so as to connect the branch pipe
with the gas supply. The stop-cock in the branch of the glass T
to which the rubber tube is attached is turned on, and the water

vessel is placed on the lower self. The water will run back into

the vessel. The flow should cease when the water has just begun
to descend in the lower tube

;
if not, the height of the lower shelf

must be adjusted until this is the case.

The space above the upper mark is always filled with gas, and
that below the lower mark with water, so that the capacity of these

portions of the instrument has no effect upon the measurements.
The narrow tubes are so small that a variation of even an inch of

the level at which the water stands in them has no appreciable
effect upon the meter reading.

The apparatus shall only be used in proving a meter when the

temperature of the meter and of the water in the water vessel have
been found not to differ by more than two degrees Fahrenheit.

In order to prove the meters used in the various testings, the

position of the index is taken when the instrument has been put in

adjustment and filled with gas as described. The tap of the water

vessel is turned off; the three-way tap is turned half-way towards

the position which will connect the instrument with the gas-meter,
and the pressure of the gas in the instrument is reduced to atmo-

spheric pressure by momentarily opening the tap in the free branch
of the glass T. The water vessel is placed upon the upper shelf,

the regulating tap (Fig. 4) is turned on, the three-way tap is turned

into such a position as will connect the instrument with the meter,
and the tap of the water vessel is turned on. -One-twelfth of a

cubic foot of gas will then be discharged through the meter. Fig.
20 represents this operation in progress. The three-way stop-cock
is then turned so as to fill the instrument with gas, the water vessel

is placed upon the lower shelf, the gas is reduced to atmospheric

pressure as before, and a second, and again a third quantity is

discharged through the meter. Should the hand attached to the
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axle of the measuring drum have travelled in the three revolutions

as much as one division beyond the point from which it started,

some water must be removed from the meter
;
if the travel of the

meter hand is as much as one division short of this point, some
water must be poured in. The operation is then to be repeated
until the error is found to fall within the specified limits.

APPENDIX O.

"Each Gas Examiner shall on each day make and deliver a

report of the result of the testings of the gas supplied by the

Company conducted by him on the immediately preceding day to

the controlling authority, to the Gas Referees, to the Chief Gas

Examiner, and to the Company, and the books kept by a Gas
Examiner for recording the results of the testing of such gas by
him shall be open at all reasonable times to the inspection of

the Company without payment." (Gas Light and Coke and other

Gas Companies Acts Amendment Act, 1880, Section n.)
" Each Gas Examiner shall forthwith deliver to the controlling

authority, to the Gas Referees, to the Chief Gas Examiner, and to

the Company a report of the result of each testing conducted by
him under the provisions of this section." (London Gas Act,

1905, Section 5 (2).)
In making his returns for Illuminating Power as given by the

flat flame, and for Calorific Power, the Gas Examiner shall put
down the result of each testing, and the time at which the testing
was made.

On p. 286 is an example of the form in which returns are

to be made.
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APPENDIX P.

LOAN APPARATUS.

In order to make the suspension of any of the operations of

gas testing, which occur from time to time owing to a defect in

some piece of apparatus, as short as possible, the Gas Referees

keep at their office one or two of each of the pieces of apparatus

likely to need replacement.
On receiving an application from any Gas Examiner, or from

the Chemist to the London County Council, or from the City Gas

Examiner, or from the Gas Company, for the temporary loan of a

piece of apparatus to take the place of similar apparatus at one of

the testing places which needs to be sent away for repair or replaced

by new apparatus, the Gas Referees will state whether they have
such apparatus in stock, and if so when they will be able to deliver

it to the messenger sent to convey it to the testing place.
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CYANOGEN IN PURIFYING MATERIALS AND THE
INFLUENCE OF AMMONIA UPON ITS FORMATION
IN PURIFICATION.

By Dr BURSCHELL, Carlsruhe (Journ. des Usines a Gaz, 1893).

THE formation of Prussian blue during gas purification is an

important matter
;
researches by Leybold show that it is formed

during revivification of the material, the cyanides of iron formed
in the purifiers being transformed by oxidation into Prussian blue.

It is uncertain whether a cyanide of iron is formed, but it may be
assumed that Prussian blue is not formed in the first purifiers
because it cannot exist in presence of a large excess of sulphuretted

hydrogen.
The absorption of cyanogen in the purifiers is also not due to

a double decomposition between the hydrocyanic acid or the

cyanide of ammonium and the sulphate of iron, because purifying
material which has not taken up sulphuretted hydrogen does not

take up cyanogen, or only in a very slight degree. Old material,
on the contrary, readily absorbs cyanogen, but it frequently con-

tains sulphocyanogen in the presence of ammonia, which renders

it almost useless.

Experiments made by the author prove that cyanogen is taken

up in the presence, as well as in the absence, of ammonia.

Ferrocyanogen may be converted into sulphocyanogen, or the

reverse, but while ferrocyanogen is easily convertible it is very
difficult to effect the contrary conversion.

The presence of ammonia during the purification of gas influ-

ences the formation of cyanogen in two ways, and although it may
be difficult to avoid ammonia in the purifiers, the formation of

sulphocyanogen during revivification may be minimised by avoid-

ing excessive heating, and by removing the ammonia as quickly
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as possible by spreading it out in thin layers, &c., when removed
from purifiers.

The transformation of cyanogen into sulphocyanogen takes

place readily in the presence of ammonia and sulphuretted

hydrogen. Sulphocyanogen compounds are formed as well as

other cyanogen compounds.
A small portion is arrested in the first purifiers, where the

ammonia and sulphuretted hydrogen are taken up in large

quantities ;
the cyanogen then attacks other portions of the puri-

fying material in which there is no sulphuretted hydrogen and

only traces of ammonia, which, on account of the oxide of iron

present, favours the formation of ferrocyanides, and these portions
of the cyanogen may, by a suitable treatment of the purifying

material, be utilised for the production of Prussian blue.

THE CHEMICAL COMPOSITION AND TECHNICAL
ANALYSIS OF WATER-GAS.

By EDWARD H. EARNSHAW (The American Gas Light Journal,

Ixix., 1898).

The oils used in producing carburetted water-gas are decom-

posed in the fixing chamber with production of hydrogen, gaseous

hydrocarbons, naphthalene, benzene, and its homologues.
The constituents of coal-gas and carburetted water-gas are the

same, but their proportions vary. The following Table shows the

representative analyses :

Constituents.

Benzene vapour
"Heavy hydrocarbons
Carbonic oxide

Hydrogen *'.

Marsh gas
Higher paraffins
Carbonic acid

Oxygen
Nitrogen

Coal-Gas.
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ESTIMATION OF FERROCYANIDE IN SPENT OXIDE.

By E. DONATH and B. MOYOSCHES (Zeits. fur Angew. Chem.,

1899, pp. 345-347)-

50 grams of the powdered material (or the residue after the

sulphur has been extracted) are taken, placed in a litre flask, and
100 to 150 c.c. of 15 per cent, solution of caustic potash added,
and heated on a sand bath, with vigorous shakings, for some
time. The volume is then made up to 1,030 c.c. with distilled

water (the residue from 50 grams occupies a volume equal to

30 c.c., and the liquid is equal to 1,000 c.c. net). It is then
filtered off, and an aliquot part of the filtrate utilised for

estimation. 80 grams of sodium hydroxide are dissolved in

water and made up to i litre and thoroughly well agitated,
20 c.c. bromine then added, and well mixed. This oxidising

agent can be added to filtrate to be tested as required. The
mixture is then boiled until gas is given off, and a brick-red

precipitate is thrown down. The precipitate is filtered off and
afterwards dissolved in hydrochloric acid, and the proportion
of iron determined by permanganate test. The amount of iron x

7-547 6 giyes the equivalent of potassium ferrocyanide, K4,FeCy6 ,

and this multiplied by .687 gives the Prussian blue.

PRUSSIAN BLUE IN SPENT OXIDE BY FELD'S METHOD.

R. WITZECK (Journ. Soc. Chem. Ind., vol. xxiii., p. 13, extracted

from Journ. fur Gasbeleuchtung).

The total cyanogen is determined by pulverising in a mortar

2 grams of spent oxide (0.5 gram of mud) with i c.c. of
i

ferrous sulphate solution, and 5 c.c. of 8N sodium hydrate solu-

tion for five minutes
; 30 c.c. of 3N magnesium chloride solution

are added, drop by drop, with continuous stirring, the contents

being washed into a distillation flask of about 700 c.c. capacity,
and the washing, &c., made up to about 200 c.c. After a few

minutes' boiling, 100 c.c. of boiling mercuric chloride solution
10

are added to the boiling liquid, and the mixture boiled for ten

minutes, all the cyanogen being thus converted into mercuric

cyanide.
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The flask is now attached to a condenser leading into a

receiver, the latter being connected to a safety-bulb tube
; 30 c.c.

of 4N sulphuric acid are added and the liquid is distilled for

about thirty minutes, the products passing over into the receiver

and bulb, which contain 20 c.c. of 2N sodium hydrate. Some-
times the distillate is turbid owing to presence of sulphur, if so,

an excess of lead carbonate is added, agitate and filter, and an

aliquot portion taken for titration. This is performed by adding
N

5 c.c. of 4N potassium iodide solution, and then titrate with

silver nitrate solution until a yellow turbidity appears.
N

i c.c. of silver nitrate = .009556 gram of Prussian blue.
10

MONAZITE SANDS.

Dr C. RICHARD BOHM (Journal of Gas Lighting, vol. xciii.,

p. 430).

The average analysis of four samples by Hussak and Reitniger
of a monazite from Bandeira de Mello are given under I., and of

a sample from Bandeirenha in Minas-Geraes, II.

Ce263

Nd2O8

(LaPr)2 3

Th02

Fe2O3

CaO
ZrO3

A12 3

Si03

H2O

I.

Per cent.

25.51

32.14
15.38
I0.6I

10.05
1.79
0.20

O.6O

0.84
2.63

O.92

IOO.67

II.

Per cent.

29.18

32.46
16.81

19.21

1.09
0.61

o.io

99.46

HUMIDITY, EFFECT OF, ON THE PENTANE LAMP.

(Journal of Gas Lighting, vol. xciii., p. 162.)

This subject was dealt with in the Report of the Research

Committee of the American Gas-Light Association, by Mr J. B.

Klump.
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The object was to present a means of comparing photometric
standards or other lights represented by open flame burners, with

vacuum electric standards or such lights as are not affected by
varying atmospheric conditions. Attention was drawn to the

work on the same subject by Dr Liebenthal of Berlin in 1895,
and by C. C. Paterson of the National Physical Laboratory in

1904.
These show that the standard light is affected by the presence

of carbonic acid, barometric pressure, and moisture. For com-
mercial purposes the variation due to carbonic acid may be
omitted.

With regard to barometric pressure Dr Liebenthal has shown
that 25 mm. of mercury affected the Hefner lamp 0.28 per cent.,

and the i candle pentane lamp 1.2 per cent.

Mr Paterson's readings under a maximum variation of the

barometer from 739 to 780 mm. show a variation of lamp value

of less than 1.6 per cent, from the normal. The effect of

moisture is shown to be considerable. A variation of i per cent,

in candle-power for each 1.515 litre of water vapour per cubic

metre of dry air is obtained. He states that with a temperature
of 70 degrees Fahr. and a humidity of 60 per cent., the variation

will be 3.3 per cent., i.e., the actual light-giving value of the 10-

candle pentane lamp will be 9.67 candles.

To show the necessity of making corrections, the author gives
a Table of the average humidity for Philadelphia for the past

thirty-four years, from which it is seen that the moisture varies

from 4.2 to 20. 2 litres per cubic metre, and the percentage varia-

tion in candle-power ranges from +3.4 to -7.2.

ESTIMATION OF CARBON BISULPHIDE IN BENZENE.

By D. STAROVINUS (Journ. Gasbeleuchtung, p. 8).

25 c.c. of the sample are mixed with 70 c.c. of 96 per cent,

alcohol, and 10 c.c. 2N sodium hydroxide. After half an hour

5 c.c. of concentrated hydrogen peroxide are added, the alcohol

evaporated off, and the sulphate formed precipitated by barium

chloride, and estimated as usual.

The method can also be used volumetrically by using 10 c.c.

of normal alkali, and titrating the excess with -- acid, using

methyl orange as indicator.

N
i c.c. of alkali = 0.0 1 9 gram of carbon bisulphide.
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ESTIMATION OF CS
2
AND S IN COMMERCIAL BENZENE.

By ED. S. JOHNSON (Journ. Amer. Chem. Soc., p. 1209).

CSy This is converted into potass xanthate by saturated

alcoholic potassium hydrate, and is removed from the benzene by
repeated washings with alkaline water. The xanthate is then

converted into the copper compound by slightly acidifying with

acetic acid, and precipitating with copper sulphate. The precipi-
tate is filtered, washed, and ignited to oxide.

One part of oxide = 1.75 of carbon disulphide.
Total Sulphur. 5 c.c. of the sample are vaporised by a

current of hydrogen, they are then burnt in a special apparatus in

oxygen, and the products of combustion are absorbed in bottles

containing sodium carbonate and bromine solution. This
causes a complete conversion of the sulphur into sulphuric acid,

which may either be estimated gravimetrically or volumetrically

by collecting the products of combustion in a standard solution of

sodium hydrate, and, after adding some neutral hydrogen per-

oxide, the excess of alkali is titrated back with standard acid.

TEST FOR CN IN PRESENCE OF HCN.

By THEODOR WALLIS (Journal Chem. Soc., from "
Annalen,"

PP. 353-362).

The method for the detection of cyanogen in the presence of

hydrogen cyanide : The mixture is passed into an acidified solu-

tion of a silver salt, the silver cyanide removed, the silver in the

solution precipitated by yellow ammonium sulphide, a few drops
of alkali are added, and after filtration and evaporation the

test for thiocyanate is applied. The estimation of cyanogen
and hydrogen cyanide is effected by passing the mixture into a

solution of sodium hydroxide, the HCN and one-half of the CN
is estimated as silver cyanide ;

the other half, now present as

potassium cyanate, being determined by boiling the cyanate with

dilute sulphuric acid and titrating the ammonia produced.
An alternative method is to pass the mixture into a solution of

ammonium hydroxide or carbonate. After titration with a silver

solution, the ammonium cyanate is converted into carbamide,
and isolated and weighed as such.

Cyanogen prepared in the usual way always contains HCN,
which can be removed by passing the gas over cotton wool

moistened with a silver solution.
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ESTIMATION OF BENZOL IN GAS.

Messrs Hoffmann and Kiispert found that benzol, with an
ammoniacal solution of cyanide of nickel, forms a bluish-white

precipitate, consisting of an equal number of molecules

of cyanide of nickel, ammonia, and benzol. The benzol is

held in so firm a combination that it cannot be displaced
either by cold water or by ammonia, though it can be taken

out by large quantities of ether. On boiling with water or

cyanide solution the benzol is set free. In the absence of

ammonia no such precipitate is formed
;
and an ammoniacal

solution of nickel hydrate gives no results. Dennis and O'Neill,

unwilling to work with poisonous cyanide of nickel, found that an

ammoniacal solution of nitrate of nickel works equally well
;
and

their solution is made of 14 grams of nitrate of nickel, nitric acid

(sp. gr. 1.44) 2 c.c., water 160 c.c., to form a solution, which
is then slowly poured into 100 c.c. ammonia of sp. gr. 0.908.
The solution is now ready for use, but it is better to let it

stand for some hours to allow a little double salt to crystallise
out.

The gas is shaken up with the solution in a Hempel pipette,
but as it picks up ammonia from the solution, and increases a

little in bulk, it has therefore to be then shaken up with 10 per
cent, sulphuric acid to remove this ammonia. The final volume
shows by difference the volume of benzol absorbed.
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WEIGHTS AND MEASURES.

THE Weights and Measures Act of 1897 made the use of the

metric system permissible in the trade of the United Kingdom,
but unfortunately, owing to various circumstances, this permission
has not been taken advantage of.

The Board of Trade standards are derived from the standard

metre and the standard kilogramme, and the imperial equivalents
of these are given by Order of Council dated iQth May 1898,
and are as follows :

metre =39.370113 inches.
= 3.280843 feet.

= 1.0936143 yards,

kilogramme = 2.2046223 Ibs.

= 15432.35 grains.

From the metre all other measures and weights are derived.

Deka, hecto, kilo mean respectively ten, a hundred, a

thousand
;
and deci, centi, milli mean respectively a tenth, a

hundredth, a thousandth.

Liquid

i cubic centimetre = i gram of water at 4 Cent.

i kilogramme = the weight of i litre of water at 4 Cent.
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Liquid

i litre = 100 centilitres = 10 decilitres =^ dekalitre =
T^ hectolitre = i ooo. 1 6 cubic centimetres

;

or in English measure,
= 1.75980 pints or 0.22 gallon.
= 4.5459631 litres.

= 15.432 grains.

i litre

i gallon
i gram
i,ooo kilogrammes = 0.9482 ton.

16 oz. =i Ib. = 7,000 grains
= 0.45359243 kilogramme.

0.0648 gram = i grain.
i Ib. (Avoirdupois) = 453.593

Cubic Measure

1,728 cubic inches = i cubic foot.

27 feet =i yard.

Useful Memoranda

Weight of a cubic foot of hydrogen = 37.15 grains,
carbonic acid = 817.30
sulphuretted hydrogen = 631.54
ammonia = 315.77
carbonic oxide = 520.10
marsh gas = 297.20

nitrogen = 520.10
olefiant gas

= 520.10
air -

53S-96

oxygen = 594.40
water vapour = 334.35

1411.70bisulphide of carbon

In order to obtain the weight of a cubic foot of any gas whose
molecular formula is known, calculate the molecular weight ;

divide this by 2, and multiply by the weight of i cubic foot of

hydrogen (37.15). This will give the weight in grains of i cubic

foot of the gas.

Example

The molecular weight of carbonic acid = 44 -f- 2 = 22.

22 x 37.15 = 817.30 grains per cubic foot.
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COMPARISON OF THERMOMETERS.

Centi-

grade.
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COMPARISON OF THERMOMETERS Continued.

Centi-

grade.
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COMPARISON OF DIFFERENT HYDROMETERS.

(Degrees according to Baume and Twaddell, with the

Specific Gravities.}

B.
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COMPARISON OF DIFFERENT HYDROMETERS Continued.

B.
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SPECIFIC GRAVITY AND WEIGHTS OF GASES.
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TABLE OF SPECIFIC HEATS Continued.

Spermaceti - 0.32
Steam (saturated at con-

stant volume) - 0.305
(gas)

- 0.475 and 0.370
Steel - o. 1 1 7
Stonework- - 0.197

Sulphur
- - 0.203

Sulphuretted hydrogen - 0.243

Sulphuric acid, density 1.87 0.335
,, ,, ,, 1.30 0.661

Sulphurous anhydride - 0.155
Tar, sp. gr. 1.176 - - 0.288
Tin - 0.056
Turpentine oil - - 0.416

,, vapour- - 0.506
Water at 32 Fahr. - - i.ooo

,, 212 Fahr. - - 1.013
Wood (average)

- - 0.550
,, spirit

- 0.60 1

Zinc - 0.093

SPECIFIC GRAVITY AND WEIGHTS OF VARIOUS LIQUIDS.

Ice-
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DENSITIES AND WEIGHTS OF GASES AND VAPOURS.

( Winkler and Lunge's
" Technical Gas Analysis''

1

}

Name of Gas.
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SPECIFIC GRAVITIES OF LIQUOR AMMONIA AT 15 CENT.

(Lunge and Wiernik.}

Specific

Gravity
at 15'.
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CALORIFIC POWER OF VARIOUS COMBUSTIBLES.

Constituent.
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SULPHURIC ACID.

TABLE OF SPECIFIC GRAVITIES, WEIGHTS, AND VOLUMES, AT
VARIOUS DEGREES TWADDELL.

(Lu)ige and Isler.)

Twaddell
at 60
Fahr.
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SULPHURIC ACID Continued.

Twaddell
at 60
Fahr.
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SULPHURIC ACID Continued.

Twaddel
at 60
Fahr.



CAUSTIC POTASH AND SODA SOLUTIONS. 309

SPECIFIC GRAVITY AND PERCENTAGE OF CAUSTIC POTASH
IN AQUEOUS SOLUTION.

Specific

Gravity at

15 Cent.
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TENSION OF AQUEOUS VAPOUR FOR EACH TENTH OF A DEGREE
CENTIGRADE FROM o TO 30 CENT. (REGNAULT).

Tem-
perature

Cent.



TENSION OF AQUEOUS VAPOUR.

TENSION OF AQUEOUS VAPOUR Continued.

Tem-
perature

Cent.
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Loss OF ILLUMINATING POWER BY ADMIXTURE OF AIR.

(Dr E. G. Lowe.)

Percentage of Loss of Loss of Illutr.in-

Air in Illuminating ating Power for

Mixture. Power.
!
i per cent. Air.



SOLUBILITY OF GASES IN WATER. 313

SOLUBILITY OF GASES IN WATER (BY VOLUME) AT A PRESSURE
OF 760 MM. (29.92 INS.). (Bunsen.)

i Vol. of
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ATOMIC WEIGHTS Continued.



PERCENTAGE BY VOLUME OF SH : NH, 315

PERCENTAGE BY VOLUME, CORRESPONDING TO THE WEIGHT
IN GRAINS OF SH

2
PER CUB. FT. OF GAS, AT

60 FAHR. AND 3o-iN. BAR.

Percentage
by Volume.
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NOTES ON CALORIFIC VALUE.

A gram-calorie is the amount of heat required to raise i gram
of water i Centigrade.

A kilo-calorie is the amount of heat required to raise T kilo-

gramme of water (i litre) i Centigrade.
A British Thermal Unit (B.Th.U.) is the amount of heat

required to raise i Ib. of water i Fahrenheit.

Calories per cubic foot are the number of kilogrammes of

water (litres) raised through i Cent, by complete combustion of

i cubic foot of gas at N.T.P.

Calories per cubic metre are the number of kilogrammes of

water (litres) raised through i Cent, by complete combustion of

i cubic metre of gas.

B.Th.U.'s per cubic foot are the number of Ibs. of water

which can be raised through i Fahr. by complete combustion
of i cubic foot of gas.

To convert calories per cubic foot into B.Th.U.'s per cubic

foot, multiply by 3.968 (3.97).
To convert calories per cubic foot into calories per cubic

metre, multiply by 35.316.
To convert B.Th.U.'s per cubic foot into calories per cubic

metre, multiply by 8.9.

The calorific value of i Ib. of fuel expressed in B.Th.U. is

the Fahrenheit-lb. unit per Ib.

The amount of water which i Ib. of fuel will evaporate, or

the evaporative power per Ib., is obtained from the calorific

value of i Ib. of fuel expressed in B.Th.U. divided by 967

(latent heat of steam in degrees Fahr.).
If a Centigrade thermometer is used, and it is desired to arrive

at the evaporative value per Ib., divide by 537 (latent heat of

steam in degrees Cent.) instead of by 967.

Example:
i Ib. of fuel has a value of 11,800 B.Th.U.'s per Ib.,

then I gram of fuel has a value of n,8oox 1(6555.5) calories per gram ;

or i Ib. of fuel has a value of 11,800 x 9(6555.5) calories per Ib. ;

or i ton of fuel has a value of 1 1,800 x {1(6555.5) calories per ton, &c.
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ABEL,
Sir F., flash point apparatus,

227, 428

Absorption of gases by water, amount

of, 313
Acetic acid from destructive distilla-

tion of peat, 9

Acid, carbonic. See Carbonic Acid

Acid, standard, for the estimation of

ammonia in gas, 92

standard, for the estimation of

ammonia in gas liquor, 117

Aerorthometer, Harcourt, 263, 269

Air, effect on illuminating power, 312

supply to retort furnaces, primary
and secondary, 39, 40, 41, 43,

44
Alcohol ethyl, use of, in gas analysis,

215

Alkali, standard, for estimation of

ammonia in gas liquor, 118

Alkaline, washing of tar oils, working

up of, 83, 84

Allen, W. R., maximum vapour pres-

sures of naphthalene, 312
American gas oil, analysis of, 232

Ammonia, action of, in purifiers, 150,

288, 289

by volume, corresponding to weight
in grains of, 315

combining weight, 2

compounds in gas liquor, 114, 115
from coke ovens, 1 12, 129
in crude gas, estimation of, 92, 93
in gas liquor, estimation of, 1 18

in gas liquor, estimation of "
free,"

120

Ammonia in gas liquor, estimation of

"fixed," 121

molecular weight, 2

percentage of nitrogen in coal con-

vertible, 113

production of, 112

solubility of, 313

solution, standard, 4

specific gravity of, 304

symbol, 2

Ammonium oxalate, 4

sulphate, estimation of ammonia

in, 90, 91

sulphate, estimation of moisture

in, 90

sulphate, Fertilisers and Feeding
Stuffs Act, relating to, 89

sulphate, 4, 89, 90, 91

thiocyanate, 4

Analysis of gas, Bunte's burettes for,

212, 213, 214
determination of benzene, 215,

294
determination of carbonic acid in

coal-gas, 215
determination of carbonic acid in

waste, 46
determination of carbonic oxide in

coal, 216

determination of carbonic oxide in

waste, 47
determination of hydrogen, 216,

217, 218

determination of hydrocarbon, 215,

216

determination of oxygen, 216
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Analysis, determination of oxygen in

coal, 216

determination of oxygen in waste,

47
determination of sulphur com-

pounds, 99, 272, 273, 274
furnace gases, 44
" Orsat Muencke," apparatus for,

44, 45. 46

oxygen needed for explosion in

the, 216

sampling furnace and waste gases,

44
Anthracene cake, estimation of anthra-

cene in, 87

Anthracite, composition of, 8

Anthraquinone, formation of, from

anthracene cake, 87

Apparatus for determining flashing

point of oil, 227, 228

for gas analysis, 44, 215

Aqueous vapour, tension of, 310, 311

Argand burner No. 2, Metropolitan,

260, 266, 267

Arsenic, determination of, in coal and

coke, 27, 28, 29, 30, 31

Ash in coal and coke, determination of,

25
in various coals, 17, 18

of fuel in lime, 102

Assay of coal-tar, 81, 82, 83, 84
Atomic weights, 313, 314

Atmospheric air, solubility of, 313

BARIUM
carbonate, combining

weight, 2

carbonate molecular weight, 2

carbonate, symbol, 2

hydrate, combining weight, 2

hydrate, molecular weight, 2

hydrate, standard solution, 4

hydrate, symbol, 2

Benzene in coal-gas, 215
carbon bisulphide in, estimation

of, 292, 293

Benzene, distillation of, 88

in oil-gas tar, 236

sulphur in, estimation of, 293
Bichromate of potassium, standard

decinormal solution, 5

of potassium, use of, for estimation

of ferric oxide, 142
Binks' burette for testing ammoniacal

liquor, 119
Bituminous coal, composition of, 8

Bivalent substances, 2

Bog-ore (iron oxide), composition of,

estimation of water in, 139
estimation of iron in, 140
estimation of organic matter, 140

fouling of, 146

hydrates, various, 138

hydrates, calculations of, 149,

150

oxides, various, 138
British thermal units, definition of, 197,

Bromine water, 5

use of, in gas analysis, 215, 216

Burner, Argand, for gas testing, 260,

267
flat flame, for gas testing, 260

Bye-products of coal-gas tar, 75, 76, 77,

78, 79, 80

of oil-gas tar, 236, 237

CADMIUM chloride, solution for

\*^* estimation of sulphuretted hydro-

gen, 97, 98

Caking coal, description of, 9
Calcium carbonate, combining weight, 2

molecular weight, 2

symbol, 2

Calcium hydrate, combining weight, 2

molecular weight, 2

symbol, 2

standard solution, 5

Calcium oxide, combining weight, 2

molecular weight, 2
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Calcium symbol, 2

in lime, estimation of, 106, 107

Calorimeter for determining calorific

value of gas, 200

Boy's official instrument, 199, 247,

248, 274, 275, 276, 277, 278,

279

Junker's apparatus, 203, 204

Simmance-Abady apparatus, 198,

200, 201, 202

Calorific value, calculation of, from

constituents, 205
Calorific value of carbon, 48

carbon monoxide, 48, 204, 205
carburetted water-gas, 206

coal-gas, 206

Wigan Coal and Iron Co. Coals

Arley, 18

Blackbrook little delph, 18

Blackbrook, Rushy Park, 18

Blackley little delph, 18

Ilaigh, yard, 18

Haigh, 5 feet, 18

Lindsey Arley, 18

Laffack, Rushy Park, 18

Rushy Park mine, 18

Wigan cannel, 18

benzene, 204, 205

butane, 204

butylene, 204

ethane, 204

ethylene, 204, 205

hydrogen, 48, 204, 205

methane, 204, 205

pentane, 204

propane, 204

sulphur, 48

toluene, 204
various Gas Companies' gas, 203

Candle a standard of light, 177

balance, 182

English sperm, 177

rate of consumption of sperm, 183

working out of results, 183, 184
Cannel coal, 10

calorific value, 32
coke from, as fuel, 10

Cannel Coal, Lesmahagow, 10

Newbattle, composition of, 10

Carbolic acid, estimation of, in coal-tar,

82, 83
Carbonic acid, estimation of, in coal-

gas, 93> 97
estimation of, in furnace gas, 44
estimation of, in gas analysis, 215
estimation of, in oil-gas, 93, 97
estimation of, in waste gases, 47

percentage by volume, 214
reaction of, with incandescent car-

bon, 48

solubility of, 313
Carbon heat units, 48
Carbonate in lime and chalk, estima-

tion of, 104, 105

by Scheibler's calcimeter, 103

by Schrotter apparatus, 104

Carbon bisulphide for estimating sul-

phur in spent oxide, 174,175, 176

in benzene, estimation of, 292, 293
in gas, estimation of, 245, 247, 272,

273, 274
Carbonisation of coal-gas, production at

various temperatures, 72

effect of heat on gas and bye-pro-,

ducts, 71

peat, 9

Carburetted water gas, 225
carbonic acid, estimation of, 93, 97

composition of, 289

specific gravity of oil used in, 225,

.227

technical analysis of, 289
Chloride of ammonium in gas liquor,

122

Chromate potassium. See Potassium

Bichromate

Coal analysis, 7, 17, 18

Coal analysis of Aston Hall premier

coal, 17

Arley, 18

Arley, Lindsey, 18

Blackley little delph, 18

Blackbrook little delph, 18

Blackbrook Rushy Park, 18
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Coal analysis of Birley silkstone, 17

Derbyshire silkstone, 17

Hazelwood Coal and Iron Co., 17

Lidgate Colliery, 17

Laffack, Rushy Park, 18

Mirfield Coal Co., 17

Newton Coal and Iron Co., 17

Newton, Chamber, & Co.

1. Norfolk silkstone, 17

2. Thin seam, 17

3. Best silkstone, 17

4. Screened gas coal, 17

5. Silkstone soft, 17

Pelton main, 17

Pope & Pearson.
1. Screened silkstone, 17

2. Hard coal, 17

Ravenhead upper delph, 17

Rushy Park mine, 18

Sheepbridge Coal and Iron Co., 17

Staveley gas coal, top, 17

Staveley gas coal, bottom, 17

Unston Colliery Co., 17

Wigan and Whiston gas coal, 17

Wigan cannel, 18

Wigan Coal and Iron Co., 18

Woodleford gas coal, 17

Coal caking, 9

Coal, calorific value of, 18

calorific value of pound water eva-

porated per i Ib. of fuel, 18

cannel, 10

composition of, 18

experimentally testing of, 11-20

estimation of ash in, 27

estimation of arsenic, 27

estimation of moisture, 21

estimation of nitrogen^ 27

estimation of phosphorus, 24
estimation of specific gravity, 26

estimation of sulphur, 23

estimation of volatile matter and

fixed carbon, 26

for gas making, 17

Coal-gas, calorific value of, 206

calorific value of, estimation of, 198,

200, 203, 274-279

Coal-gas, cyanides in, estimation of,

101, 293

cyanides in, extraction of, 99, 100

hydrogen in, estimation of, 217

nitrogen compounds, distribution

of, 74

specific gravity, estimation of, 218

sulphuretted hydrogen in crude gas,

94, 95

sulphuretted hydrogen in purified

gas, 272

sulphur compounds, 272, 274
Coal-tar acid, washing of oil from, 83

alkaline, washing of oil from, 84
anthracene oil from, 84

assay of, 81, 82, 83, 84
carbolic acid from, 84
free carbon, estimation of, 86

light oils from, 83

specific gravity, estimation of, 85
Coefficient of expansion of oil, use of,

226

Coke as a fuel, 19

ash in estimation of, 25, 26

calorific value, 32-36
estimation of arsenic, 27

estimation of nitrogen, 27
estimation of specific gravity, 26,

27

oven, ammonia from, 112

Combustion, heat of various gases, 204,

205

Connecting rod for table photometer,

260, 261

pipe for table photometer, 261

Constituents of coal-gas, 17, 18

Consumption of gas in photometry,
correction of volume, 270, 271

Copper phosphate for estimating sul-

phuretted hydrogen, 6, 94
Creosote oil from coal tar, 84

Cuprous chloride, use of, in gas analysis,

216

Cyanogen compounds in coal-gas, esti-

mation of, IOO

estimation of, as Prussian blue,

101
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Cyanogen compounds in coal-gas, ex-

tracting, various methods for, 99

Cyanogen in purifying material and the

influence of ammonia on its for-

mation in purification, 288, 289
test for, in presence of hydro-

cyanic acid, 293

DARK
screen for table photometer,

264, 265

Decomposition of woody fibre, 7

Densities and weight of gases and

vapours, 303

Desiccator, use of, 23

Designation of normal solution, I

Destructive distillation, products of,

75-80

Di-tri-ortho-phosphate, preparation of,

6

Direct fired setting, 37

Disc, photometrical, 180

Dust laying, use of oil-gas tar in, 237,

238

TJFFECT of heat on ammonia, 71

-/ carbon disulphide, 71

coke, 71

cyanogen, 71

gas production, 71, 72

phenols, 71

pitch, 71

residuals, 73

sulphuretted hydrogen, 71

tar, 71, 72
Effect of humidity on the pentane lamp,

291, 292
Eschka's modification of process for

estimation of sulphur in coal, 24

Expansion of petroleum oil, coefficient

of, 226

Experimental coal-testing plant, 1 1

description of, n, 12

estimation of carbonic acid, 14, 16

Experimental estimation of sulphuretted

hydrogen, 14, 16

estimation of sperm value, 15

sketch of, 13

use of, 14, 15

working data, 15

FAHRENHEIT
scale, 297, 298

Ferric oxide, 142

Ferricyanide potassium, use as indi-

cator, 143

Ferrocyanide in gas liquor, estimation

of, 133
in spent oxide, estimation, of, 290

Ferrous sulphate solution for estimating

manganese dioxide, 172

Fertilisers and Feeding Stuffs Act, 1906,

89

Fery radiation pyrometer, description

and use of, 59
Fire-bricks and fireclays, 164

method of analysis, 165
estimation of alumina in, 166, 167

estimation of calcium, 167

estimation of ferric oxide, 166, 167

estimation of magnesium, 167
estimation of potassium, 168, 168

estimation of silica in, 165
estimation of sodium, 168, 169
determination of specific gravity,

169

determination of volume weight,

169
determination of porosity, 169

Fixed ammonia in gas liquor, 114, 121

Flame, effect of humidity on the pen-

tane, 291, 292
Flame temperature, 206

calculation of, 207, 209

temperature of gases, 211

temperature of liquid, 211

temperature of solid, 211

Flare lime, 102

Flat flame burner, 260

Furnace gases analysis, 47

X
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Furnace, regenerative, 39

regenerative, primary and secon-

dary air, 43, 44

GAS
analysis, 213

Gas, calorific value of various

gas companies, 203

governor for table photometer, 250

Gas liquor. See Liquor, Ammoniacal

meter for table photometer, 250
Gaseous firing, advantages of, 39

Gases, waste, analysis of, 44
Generator setting, 37, 41

Governor, gas, 250

Graphite, composition of, 8

HARCOURT'S,
A. V., Aerortho-

meter, 263, 269
standard of light, 241, 251, 252

Heat recorder, Watkins' patent, 49, 50

Seger's cones, 51, 54

Heisch & Hartley on Methven screen

as standard light, 179

Hochst test for anthracene, 87

Humidity, effect of, on light of pentane

flame, 291, 292

Hydrated ferric oxides, 138

estimation of, 149, 150

experimental purification value,

146, 147

Hydrocarbon vapours in gas, estima-

tion of, 215, 216

Hydrogen in coal-gas, amount of, 205

estimation of, 217

Hydrogen heating value, 204

sulphuretted, estimation of, 94, 95

solubility of, 313

Hydrochloric acid, combining weight, 2

molecular weight, 2

symbol, 2

standard solution, 5

Hydrometers, comparison of, 299, 300

ILLUMINATING power of gas,

1 supplied by London Gas Com-

panies, 203

calculated, 184, 185
Referees' instructions for testing,

241, 244
lost by admission of air, 312

Impurities in coal-gas, 92

Indicators, cochineal, 2

lacmoid, 4

litmus, 3

methyl orange, 3

phenolphthalein, 3

potassium ferricyanide, 143

turmeric, 118

Inverse squares, law of, 177

Iodine, combining weight, 2

for determining sulphur in gas, 98

molecular, 2

solution, N/io, 5

symbol, 2

Iron oxide, analysis of, 138
classification of various hydrates,

ISO
estimation of various hydrates, 149

estimation of water in, 139
estimation of organic matter, 140
estimation of ferric oxide, 140, 145

absorbing qualification, 146, 147

estimation of ferrous oxide, 148

various hydrates, 138

various oxides, 138

UNKER calorimeter, 203, 204

JELDAHL'S process for estimating
. nitrogen, 27

ATENT heat of steam, 316
/ Law of inverse squares in photo-

metry, 177
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Lesmahagow cannel, 10

Letheby's specific gravity globe, 219

Lewes, V. B., Prof., candles and

calories, 205
calorific value of pure coal-gas, 206

calorific value of carburetted water-

gas, 206

illuminating power from blue water-

gas, 212

Lewes -Thompson's calorimeter, de-

scription, 32, 33

Light measurement of the intensity of

gas, 177

Lignite, composition of, 8

Lime, analysis of flare, 102

analysis of, 105

analysis of, estimation of total

lime, 105

analysis of, estimation of calcium,

106, 107, 108

analysis of, estimation of silica,

108, 109

analysis of, estimation of alumina,
1 08, 109

Liquid fuel for boilers, 237

Liquor ammoniacal, 112

ammonium salts, volatile at ordinary

temperature, 114
ammonium salts, fixed at ordinary

temperature, 114

analysis, 115

analysis, use of Twaddel's hydro-

meter, 116

analysis, estimation of total am-

monia, Will's test, 118

analysis, estimation of free am-

monia, 1 20

analysis, estimation of fixed am-

monia, 121

analysis, estimation of carbonic

acid, 121

estimation of chlorides, 122

estimation of sulphur, 122

estimation of sulphocyanide, 123
estimation of sulphide, 124
estimation of sulphide and thio-

sulphate, 124

Liquor, estimation of total sulphur, 125
estimation of sulphur as poly-

sulphide, 125
estimation of sulphite by poly-

sulphide method, 126, 129
distribution of sulphur, 129
estimation of cyanogen compounds,

130
estimation of cyanide, 130
estimation of ferrocyanide, 132
estimation of thiocyanate, 133, 136
the reaction of cyanide and poly-

sulphide, 137
List of testing places, 240
Loan of apparatus for gas testing, 287
London No. 2 Argand burner, 260,
266

Lunge on coal-tar and ammonia, 74,
80

Lux, F., specific gravity balance for

gases, 221, 222

MAHLER
bomb calorimeter, 34, 35

Manganese dioxide in Weldon
mud, estimation of, 171, 172

percentage, 171, 174

Measuring rods for table photometer,

264, 265. 267

Meters, experimental, 250
Methven screen, standard of light, 178

dimensions of slot, 179

Methyl orange indicator, 3

Metropolitan Argand burner No. 2,

260, 262

Mirrors for table photometer, 264, 265,

267
Moisture in coal, determination of, 21

coke, determination of, 21

Monazite sands, analysis of, 291

NAKAMURA'S
method of estimat-

ing sulphur in coal, 23

Naphtha from coal-tar, 73
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Naphtha from peat, 9
from oil-gas tar, 236

Napthalene, estimation of, in oil-gas or

coal-gas

by Colman & Smith test, 151-

155

by Dickinson Gair's modifica-

tion, 155, 156

by Somerville method, 156

maximum vapour pressure, 312
removal from gas, 157

removal, Bell's method, 163

removal, Botley method for, 159

removal, C. Carpenter's method,

159, 160

removal, Coulson method, 162,

163

removal, Young & Glover method,

162

Newcastle fire-clay, analysis of, 164

Nitric acid, combining weight, 2

molecular weight, 2

symbol, 2

Nitrogen in coal and coke, determina-

tion of, 27

in coal, distribution of, 113

in coke, distribution of, 84

solubility of, 313

Non-caking coal, properties of, 9

Non-volatile ammonia in gas liquor, 121

oIL for gas making, analysis of,

225
coefficient of expansion, use of,

227

composition and valuation of, 233

distillation, collection of, 230

distillation, fractional, 229

flash-point apparatus, Abel, 227

flash-point apparatus, Pensky-Mar-

ten, 228

sample of American oil, 232

sample of Russian oil, 231

specific gravity, 225, 226

specific gravity of fractions, 230,

2.33

Oil, table of constants obtained for pure

hydrocarbons, 234
table of gasification results, 235

weight of fractions, method, 233

Oil-gas tar, 236

composition of, 236
distillation of, 237
for burning, 237
for dust laying, 237, 238

Olefines in coal-gas, 205
One-twelfth of a cubic foot measure,

281, 283

Open 6o-inch Letheby-Bunsen photo-

meter, 181

Orsat Muencke gas analysis apparatus,

44
use of, 45

Ounces of ammonia in gas liquor, 116

Oxide, ferric. See Iron Oxide

Oxalic acid, combining weight, 2

molecular weight, 2

symbol, 2

Oxygen in waste gases, 48

solubility of, 313

PARAFFINS
in coal-gas tar, 73

Paraffins in oil-gas tar, 236

Peat, acetic acid from, 9

air dried, 8

amount of water in, 8

composition of, 8

destructive distillation of, 9

gas per ton, 8, 9

illuminating power, 8, 9

naphtha from, 9

paraffin wax from, 9

sulphate of ammonia from, 9
tar from, 9

Pentane, preparation and testing, 254,

255

provision of, 255, 256

lamp, effect of humidity on, 291,

292

lamp, Ilarcourt standard, 251, 262

Permanganate of potassium, decinor-

mal solution, 5
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Permanganate of potassium, standard-

ising solution, 142

Phenanthracene, 78
Phenols from coal-tar, 78, 84
Phenolthalein solution, 3

Phosphorus in coal, estimation of, 24,

25

Photometer, Letheby-Bunsen, open,
181

table, 257
Photometrical disc, 180

scale for table photometer, 260, 261

sighting wheel for
"
Flicker," 187

Photometry burner, 241, 244, 266,

267
calculation of results, 183, 184,

241, 242, 243, 244
candle balance, 182, 184
Flicker photometer, 185, 188

fundamental law of, 177

generalised photometrical law, 177

Lambert cosine law, 177

law of inverse squares, 177
street photometry, 189
table for angles, 191

table for longitudes and horizontal

angles, 193-196

5 cubic foot rate, explanation of,

185
1 6 candle basis, explanation of, 185

Pitch, estimation of free carbon in, 86

estimation of softening point, 84
free carbon in, 86

in coal-gas tar, 83

specific gravity, 86

Potassium dichromate, decinormal solu-

tion, 5

Potassium dichromate used in oxide of

iron test, 144

permanganate decinormal solu-

tion, 5

Potassium hydrate, combining weight, 2

molecular weight, 2

solution, specific gravity, and per-

centage, 309
standard solution, 5

symbol, 2

Pounds of sperm per ton, method of

working out, 15

Pressure of gas, mode of testing, 249,

250, 280, 281

regulation by gas tap, 258
the gas governor, 258

Primary air supply to retort setting, 38
Prussian blue in spent oxide, 177

by Feld method, 290, 291
estimation of, in cyanogen liquor,

101

in gas liquor, 133

Purity of pentane, 255, 256

Pyrogallic acid, use of, in gas analysis,

47, 216

Pyrometers, Fery radiation, description

and use of, 59, 60

Siemens' electrical, description and

use of, 55, 59

Wanner, description and use of,

61, 62

QUALITY
of gas from various gas

companies, 203

O FACTION between carbon and

IV incandescent fuel, 48
Referees', Metropolitan Gas, apparatus

for estimating sulphur in gas,

245, 247, 273

Argand gas burner No. 2, 267

estimation of sulphuretted hydro-

gen in gas, 272
instruction for testing for illumi-

nating power, 241-244
instruction for testing with sperm

candles, 182, 183

prescription as to sulphuretted

hydrogen in gas, 244, 245
Reversible disc holder, 180

Revivification of ferric oxide, 148

Weldon mud, 170, 174

Regenerator setting, 37
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Recorder, Sarco automatic, for car-

bonic acid, 62, 68

Simmance - Abady automatic, for

carbonic acid and draught, 68

Regulating tap to table photometer, 258,

259, 260

Russian oil, analysis of, for gas making,

231

SAMPLING
furnace and waste

gases, 44
"Sarco" carbonic acid automatic

recorder, 62, 68

Scale of photometer, 265
Scheibler's calcimeter, 103

Schilling, N. H., effusion test of the

specific gravity of gas, 219, 220

Schrotter apparatus, 104

Screen, Methven, dimensions of, 178,

179

Secondary air supply to retort furnaces,

43

Seger cones used, 51, 53
Service gas-pipe, 240

Settings for coal-gas retort, 40, 41

Siemens electrical pyrometer, 55, 56, 57
Silica in fire-bricks, 164

in fire-clays, 164
Silver nitrate, N/io solution, 5

for estimation of chlorine, 6

Silkstone coal, result of test, 17

Simmance & Abady automatic CO2

recorder, 68

Slaking lime, increase in bulk, 106,

107

Sodium carbonate, N solution, 4
Sodium thiosulphate, N solution, 5

Sodium hydrate, combining weight, 2

molecular weight, 2

symbol, 2

standard solution, 5

Soda caustic solution, specific gravity
and percentage, 309

Soda lime tubes, for absorption of car-

bonic acid, 97

Solubility of ammonia, 313

Solubility, of atmospheric air, 313
carbon dioxide, 313
carbon monoxide, 313

hydrogen, 313

nitrogen, 313

oxygen, 313

sulphuretted hydrogen, 313
Soxhlet extraction apparatus for deter-

mining sulphur in spent oxide, 176

Specific gravity bottle, method of using
for oil, 225, 226

Specific gravity of coal, method of de-

termining, 26

of cannel gas, 10

Specific gravity of gas, Bunsen effusion

test, 218

Lux balance, 219, 221

Letheby specific gravity globe, 219

Schilling diffusion test, 219

Simmance-Abady bell, 222, 224

Specific gravity of gases and vapour,

303
of tar, 70, 86

of tar, determination of, 85

Specific gravity and weights of various

liquids, 302

Specific heat of gases, 301, 302

Spent lime, estimation of carbonic acid,

no
estimation of free lime, no, in

Spent oxide, analysis of, 174

estimation of sulphur, 175, 176

estimation of ferrocyanide, 1 76

Sperm candles, 182

Sulphate of ammonia, 4, 89, 90, 91

estimation of ammonia in, 90, 91

estimation of moisture in, 90
Fertilisers and Feeding Stuffs Act,

relating to, 89

Sulphates, estimation of, by barium

chloride, 15

Sulphide in gas liquor, estimation of,

124

Sulphite in gas liquor, estimation of,

126

Sulphur compounds in coal-gas, estima-

tion of, 273, 274
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Sulphur in coal, estimation of, 23
in coke, estimation of, 23
in benzene, estimation of, 293

Sulphuretted hydrogen in crude coal-

gas, estimation of, 95
in purified gas, 244, 245, 272

percentage by volume, correspond-

ing to weight in grains per cubic

foot, 315

Sulphuric acid, combining weight, 2

molecular weight, 2

percentage of SO3 in, 306, 307,

308

specific gravity of, 306, 307, 308

symbol, 2

weight of one cubic foot, 306, 307,

308
Standard lamp for testing illuminating

power, 241

Stop clock, 264

TABULAR
numbers for correcting

volumes of gas, 270, 271

Tabulated report on a sample of coal,

20

Tar, carburetted water-gas, 236
coal. See Coal Tar

effect of heat on, 70

laboratory distillation of, 81

separation of, from water, 83

specific gravity of, 70, 86

Tension, vapour, 310, 311

Testing places, list of, 240

Testing coal for gas making, 1 1

gas for illuminating power, 241,

243

Thermometers, comparison of, 297,

298

Thiocyanate ammonium, normal solu-

tion, 4
in gas liquor, 136

Thompson calorimeter for coke, 32

Time and mode for testing for illumi-

nating power, 241-243

U TUBES, for estimation of car-

bonic acid, 1 6

for estimation of sulphuretted

hydrogen, 96
Units of heat, definition of, 316
Univalent substances, 2

VAPOUR
tension, 310, 311

Volatile ammonia in gas liquor,

114
Volatile matter, determination of, 26

WANNER pyrometer, description

of, 6 1, 62

Water in coal, estimation, 21, 23
in coke, estimation, 21, 23
in oil, 230
in oxide, 139
in spent oxide, 175

volume of, at different tempera-

tures, 305

Water-gas analysis, 289
Watkins' patent heat recorder, use of,

50

description, 49
table of degrees, 51

Weights and measures, 295
Weldon mud, analysis of, 170

estimation, manganese dioxide,

172-174

estimation, moisture, 171

estimation of absorbing qualifica-

tion for sulphuretted hydrogen,

174

West furnaces, 38, 40, 41, 42

Will's test for ammonia, 118

Woody fibre, conversion of, 8

composition of, 8

decomposition of, 7

Wright, L. T., carbonisation of coal,

70
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Wright, L. T., productions of cyano-

gen, 71

specific gravity of tar, 70, 72

yield of gas at different tempera-

tures, 72

composition of tar, at different tem-

peratures, 72

A in benzole, 88

YIELD
of coke from coal, 17, 18, 20

gas from coal, 17, 18, 20

gas from peat, 8, 9

gas at various temperatures, 69,

70, 72

Young Glover system of removing

naphthalene in coal-gas, 162

ZINC
as a reducing agent, 144

sulphate standard solution,

101
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STANDARD PHOTOMETERS.

HARCOURT PENTANE LAMPS.

CARPENTER'S No. 2 "MET" BURNERS.

SIMMANCE-ABADY " FLICKER " PHOTOMETERS.

SIMMANCE-ABADY CALORIMETERS.

BOYS' CALORIMETERS.

RAPID TESTS FOR Co2, H2S, and NH3.

COLMAN'S NAPHTHALENE TESTS.

TEST HOLDERS AND METERS.

PRESSURE GAUGES AND RECORDERS.

SIMMANCE-ABADY RECORDERS FOR HIGH-PRESSURE.

SIMMANCE-ABADY RECORDING PYROMETERS.

SIMMANCE-ABADY C02MBUSTION RECORDERS.

AND ALL

LABORATORY APPARATUS
For Gas Works Use.

MANUFACTURERS :

ALEXANDER WRIGHT & CO. LTD

WESTMINSTER.
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TOWNSON & MERCER.
Manufacturers of Scientific Apparatus, and

Solutions for Gas Testing, and Research
Work.

Contractors to all the Principal Gas Companies.

Orsat Apparatus for Flue Gases.

Apparatus for Testing Sulphur in Spent Oxide.

Sole Agents for Becker's Balances.

Complete Laboratory Furnishers.

All Apparatus and Solutions as Gas Referees'

Notifications.

89 Bishopsgate St. Within, and 34 Camomile St., LONDON, E.C.

Telephone 2537 LONDON WALL. Telegrams "TOWNSON, LONDON."
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JOHN ALLAN & CO.'S Publications

DISTRIBUTION OF GAS.
By WALTER HOLE. Essentially a book for the up-to-date Gas Manager.
It contains over 700 pages and 500 Illustrations, and deals exhaustively
with Gas Distribution in all its phases, from the Gasholder to the Con-

sumer. Price 12s. 6d. net.

"Speaking of this book as a whole, we can, with confidence, recommend it."

Journal ofGas Lighting.

SELF-INSTRUCTION FOR STUDENTS IN GAS MANU-
FACTURE: Elementary, Advanced, Constructional.

These volumes are intended for the use of Students preparing for the

Examinations of the City and Guilds of London Institute. Crown 8vo.

Price 3s. 6d. each net.

MODERN RETORT SETTINGS:
Their Construction and Working.

By G. P. LEWIS. Crown 8vo. Price 3s. 6d. net.

THE GAS ENGINEER'S PRICE BOOK FOR ESTIMATES
AND VALUATIONS: With Notes on the Structural
Capacity of Works and Plant.

By FRED. C. MOON. Price 5s. net.

"THE GAS WORLD" ANALYSES OF ACCOUNTS OF GAS
UNDERTAKINGS. (Published Annually.)

Containing analyses of over one hundred gasworks accounts arranged on

a novel plan, admitting of easy comparison. Price 7s. 6d. net.

THE CITY AND GUILDS OF LONDON INSTITUTE'S
EXAMINATIONS: Answers to some 1906 Questions.

By WALTER GRAFTON, Lecturer in Gas Manufacture at the Poly-

technic, London, W. Price Is. 9d. net.

GAS PROGRESS.
A Quarterly Magazine which Gas Companies issue to consumers for

the purpose of educating the public in the manifold uses of Gas, and its

efficiency and economy in comparison with its rivals. It is particularly

useful in those districts where competition is keen. Prices and full

details will be sent on application.

LONDON: OFFICES OF "THE GAS WORLD," 8 Bouverie St., E.C
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/GIBBONS BROS, LTD:

Engineers and Contractors,

DUDLEY.
AND

Agents for

WATRINS'

Patent Heat Recorders

For the Gas Industries.

See Descriptive Article, pages 49, 5O.

Erectors of

RETORT BENCHES
With Generator or Regenerator

SETTINGS.
RETORT BENCH IRONWORK COMPLETE.

INSTALLATIONS OF INCLINED RETORTS
COMPLETE WITH

ELEVATING AND CONVEYING PLANT.
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West's Gas Improvement Co.
Li

ENGINEERS,

MILES PLATTING, MANCHESTER,

Limited,

And 104 QUEEN VICTORIA STREET, LONDON, E.C.

Specialists in . . .

Stoking Machinery for Gas Retorts,
also

Regenerator Furnaces and Settings,

Coke Conveying, Breaking, and Screening Plants,

Coal-Handling Plants of every Description,

Gravity Bucket Conveyors.



vi AD VERTISEMENTS.

JUST PUBLISHED.

Small Crown 8vo, 484 pages, with Diagrams, Leather, gilt edges.

Price IDs. 6d. net (Postage 3d.).

THE

GAS ENGINEER'S
POCKET-BOOK

COMPRISING

Gables, motes, anb flDemoran&a

RELATING TO THE

MANUFACTURE, DISTRIBUTION, AND USE OF COAL GAS,

AND THE CONSTRUCTION OF GAS WORKS

BY

HENRY O'CONNOR,
Fellow of the Royal Society, Edinburgh ;

Associate Member of the Institution

of Civil Engineers ; Past President of the Society of Engineers.

THIRD EDITION, REVISED.

LONDON :

CROSBY LOCKWOOD & SON
7 Stationers' Hall Court, Ludgate Hill.
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O'CONNOR'S

GAS ENGINEER'S POCKET BOOK
(CONTINUED).

EXTRACT FROM PREFACE.

IN placing this compilation before his readers, it may not be out

of place for the author to indicate the circumstances which have led

to the preparation of the Tables, Notes, and other matter comprised
in the volume.

Having frequently experienced the want of a book containing
those numerous tables, data, &c., which are every day becoming
more necessary to the Gas Engineer for reference, he has for many
years been in the habit of making and preserving, for his own use,

full notes from every available source. These notes form the basis

of the present work, and the fact that they were originally intended

for his own use has rendered it in many cases impossible for the

author to acknowledge the sources of his information.

The diagrammatic form of tabulating has been followed wher-

ever it seemed to be preferable, the Tables have been most carefully

checked, and every precaution taken to render them as accurate as

possible.

OPINIONS OF THE PRESS.

" The book contains a vast amount of information. The author goes consecu-

tively through the engineering details and practical methods involved in each of

the different processes or parts of a gas-works. He has certainly succeeded in

making a compilation of hard matters of fact absolutely interesting to read."

Gas World.

"A useful book of reference for the gas engineer and all interested in lighting
or heating by gas, while the analyses of the various descriptions of gas will be of

value to the technical chemist. All matter in any way connected with the manu-
facture and use of gas is dealt with. The book has evidently been carefully

compiled, and certainly constitutes a useful addition to gas literature." Builder.

"The volume contains a great quantity of specialised information, compiled,
we believe, from trustworthy sources, which should make it of considerable value

to those for whom it is specially produced." Engineer.

"There are many features in the book which will make it welcome to those

connected with the gas industry, and we can confidently recommend it as a useful

and reliable companion." Chemical TradeJournal.
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Electric Furnaces. By WILLIAM E. GIBBS, M.E. With 66 Illustrations.

Crown Svo, cloth ... ... ... ... ... ... ... 73. 6d.

AERIAL NAVIGATION* A Practical Handbook on the
Construction of Dirigible Balloons, Aerostats, Aeroplanes, and Airships.
By FREDERICK WALKER, C.E., Associate Member of the Aeronautic
Institute. Second Edition, thoroughly revised and enlarged. 176 pages.
With 128 Illustrations. Crown Svo, cloth Net 5$.

AERIAL OR WIRE-ROPE WAYS* Their Construction
and Management. By A. J. WALLIS-TAYLER, A.M.Inst.C.E.

. 254
pages, with 155 Illustrations. Demy Svo, cloth. Net 75. 6d.

AIR COMPRESSION* See COMPRESSED AIR WORK AND DIVING.
AIR GAS LIGHTING SYSTEMS* See PETROL AIR GAS.

ALTERNATING CURRENTS, THE PRINCIPLES OF*
For Students of Electrical Engineering. By E. T. LARNER, A.I.E.E.,
of the Engineering Department, G.P.O., London. 144 pages, with

69 Illustrations. Crown Svo, cloth. , Net 35. 6d.

ARMATURE WINDINGS OF DIRECT CURRENT
DYNAMOS. Extension and Application of a General Winding Rule.

By E. ARNOLD, Engineer, Assistant Professor in Electro-Technics and
Machine Design at the Riga Polytechnic School. Translated from the

original German by FRANCIS B. DE GR'ESS, M.E., Chief of Testing
Department, Crocker-Wheeler Company. Medium Svo, 120 pp., with
over 140 Illustrations ... ... ... ... ... ... Net I2S.

AVIATION* THE ART OF* A Handbook upon Aeroplanes
and their Engines, with Notes upon Propellers. By ROBERT W. A.
BREWER, A.M.I.C.E., M.I.M.E., Fellow of the Society of Engineers
(Gold Medallist), Member of the Institution of Automobile Engineers,
author of " The Motor Car," Recently Manager to Mr. Grahame-White.
Second Edition, Thoroughly Revised and Enlarged. Demy Svo, cloth,

294 pages, with numerous Illustrations and Dimensioned Drawings.
{Just Published. Net los. 6d.

AVIATION POCKET BOOK* Containing the Theory and
Design, of the Aeroplane, Structural Material, Examples of Actual
Machines, Meteorological Data, Military Information and Signalling,
&c., &c. By R. BORLASE MATTHEWS, A.M.I.C.E., A.M.I.E.E.,
Member of the Aero Club. About 220 pages, Fully Illustrated. Crown
Svo. ... ... ... ... ... ... ... \Jn Preparation.

AVIATION* See also FLYING MACHINES.
BALLOONS MODEL BALLOONS AND FLYING

MACHINES, with a Short Account of the Progress of Aviation. By
J. H. ALEXANDER, M.B., A.I.E.E., Associate of the Scottish Aero-
nautical Society. 136 pages, with 46 Illustrations, and five sheets of

Working Drawings. Crown Svo, cloth Net 35. 6d.
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BEAMS. EXPERIMENTS ON THEIR FLEXURE.
Resulting in the Discovery of New Laws of Failure by Buckling. By
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BLAST FURNACE CALCULATIONS AND TABLES
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BOILER AND FACTORY CHIMNEYS. Their Draught-
Power and Stability. With a chapter on "

Lightning Conductors." By
ROBERT WILSON, A.I.C.E., author of "A Treatise on Steam Boilers,'

7

etc. Crown 8vo, cloth 35. 6d.

BOILER CONSTRUCTION. A Practical Handbook for

Engineers, Boiler-Makers, and Steam Users. Containing a large
Collection of Rules and Data relating to Recent Practice in the

Design, Construction, and Working of all Kinds of Stationary, Loco-

motive, and Marine Steam-Boilers. By WALTER S. HUTTOX, Civil and
Mechanical Engineer. With upwards of 500 Illustrations. Fourth

Edition, carefully Revised and Enlarged. Medium 8vo, over 680 pages,
cloth, strongly bound ... ... ... ... ... ... ... i8s.

HEAT, RADIATION, AND CONDUCTION NON-CONDUCTING MATERIALS AND COVERINGS FOR
STEAM-BOILERSCOMPOSITION, CALORIFIC-POWER AND EVAPORATIVE-POWER OF FUELS COM-
BUSTION, FIRING STEAM-BOILERS, PRODUCTS OF COMBUSTION, ETC. CHIMNEYS FOR STEAM-
BOILEKS STEAM-BLAST FORCED-DRAUGHT FEED-WATER EFFECT OF HEAT ON WATER
EXPANSION OF WATER BY HEAT WEIGHT OF WATER AT DIFFERENT TEMPERATURES CONVEC-
TION CIRCULATION EVAPORATION PROPERTIES OF SATURATED STEAM EVAPORATIVE POWER
OF BOILERS PRIMING, ETC. WATER-HEATING-SURFACES OF STEAM-BOILERS TRANSMISSION OF
HEAT SMOKE-TUBES EVAPORATIVE POWER AND EFFICIENCY OF BOILERS WATER-CAPACITY
AND STEAM-CAPACITY OF BOILERS FIRE-GRATES, FIRE-BRIDGES, AND FIRE-BARS POWER OF
BOILERS CYLINDRICAL SHELLS AND FURNACE-TUBES OF BOILERS, ETC. TESTS OF MATERIALS
STRENGTH AND WEIGHT OF BOILER-PLATESEFFECT OF TEMPERATURE ON METALS RIVET-
HOLES RIVETS RIVETED-JOINTS OF STEAM-BOILERS CAULKING ENDS OF CYLINDRICAL-
SHELLS STAYS FOR BOILERS, ETC. STEAM-GENERATORS DESCRIPTION AND PROPORTIONS OF
CORNISH, LANCASHIRE, AND OTHER TYPES OF STATIONARY BOILERS BOILER-SETTING MULTI-
TUBULAR, LOCOMOTIVE, PORTABLE, MARINE, VERTICAL, AND WATER-TUBE BOILERS SUPER-
HEATERS COST OF STEAM PRODUCTION FURNACES FOR REFUSE-FUELS DESTRUCTORS, ETC.
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STEAM BOILERS : STEAM-BOILER EXPLOSIONS, ETC.

BOILERMAKER'S ASSISTANT. In Drawing, Templating,
and Calculating Boiler Work, etc. By J. COURTNEY, Practical

Boiler-Maker. Edited by D. K. CLARK, C.E. Eighth Edition.

Crown 8vo, cloth ... ... ... ... ... ... ... as-

BOILERMAKER'S READY RECKONER. With Examples
of Practical Geometry and Templating for the Use of Platers, Smiths,
and Riveters. By JOHN COURTNEY. Edited by D. K. CLARK,
M.Inst.C.E Crown 8vo, cloth 45*

BOILERMAKER'S READY RECKONER AND ASSIS-
TANT, being the two previous mentioned volumes bound together in

one volume. With Examples of Practical Geometry and Templating for

the Use of Platers, Smiths, and Riveters. By JOHN COURTNEY, Edited

by D. K. CLARK, M.Inst.C.E. Fifth Edition, 480 pp., with 140 Illustra-

tions. Crown 8vo, half bound 75^
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BOILER MAKING AND PLATING, A Practical Handbook
for Workshop Operations, including an Appendix of Tables. By JOSEPH
G. HORNER, A.M.I. M.E. Second Edition thoroughly Revised and
Enlarged. 380 pp. with 351 Illustrations. Large Crown Svo, cloth.

Net ps.

BOILERS (STEAM)* Their Construction and Management. By
R. ARMSTRONG. C.E. Illustrated. Crown Svo, cloth ... is. 6d.

BOILERS, Their Strength, Construction, and Economical Working.
By R. WILSON, C.E. Fifth Edition. i2mo, cloth 6s.

BRIDGE CONSTRUCTION IN CAST AND WROUGHT
IRON. A Complete and Practical Treatise on, including Iron Founda-
tions. In Three Parts. Theoretical, Practical, and Descriptive. By
WILLIAM HUMBER, A.M.Inst.C.E., and M.InstM.E. Third Edition,
revised and much improved, with 115 Double Plates (20 of which now
first appear in. this edition), and numerous Additions to the Text. In 2

vols., imp. 4to, half-bound in morocco Net 6 i6s. 6d.

BRIDGES AND VIADUCTS, IRON AND STEEL, A
Practical Treatise upon their Construction. For the Use of Engineers,
Draughtsmen, and Students. By FRANCIS CAMPIN, C.E. Crown Svo,
doth 3s. 6d.

BRIDGES (IRON) OF MODERATE SPAN: Their Con
struction and Erection. By H. W. PENDRED. With 40 illustrations.
Crown Svo, cloth 2S .

BRIDGES, OBLIQUE* A Practical and Theoretical Essay.
With 13 large PJates. By the late GEORGE WATSON BUCK, M.Inst.C.E.
Fourth Edition, revised by his Son, J. H. WATSON BUCK, M.Inst.C.E. ;

and with the addition of Description to Diagrams for Facilitating the
Construction of Oblique Bridges, by W. H. Barlow, M.Inst.C.E. Royal
Svo, cloth I2S .

BRIDGES, TUBULAR AND OTHER IRON GIRDER.
Describing the Britannia and Conway Tubular Bridges. With a Sketch
of Iron Bridges, Etc. By G. D. DEMPSEY, C.E. Crown Svo, cloth 25.

CALCULATOR (NUMBER, WEIGHT AND FRAC-
TIONAL). Containing upwards of 250,000 Separate Calculations, show-
ing at a Glance the Value at 422 Different Rates, ranging from j|gth of a
Penny to 2os. each, or per cwt., and ^20 per ton, of any number of
articles consecutively, from i to 470. Any number of cwts., qrs., and lbs.

;

from i cwt. to 470 cwts. Any number of tons, cwts., qrs., and Ibs., from
i to 1,000 tons. By WILLIAM CHADWICK, Public Accountant. Fifth

Edition, Revised and Improved. Svo, strongly bound i8s.

CALCULATOR (WEIGHT). Being a Series of Tables upon a
New and Comprehensive Plan, exhibiting at one Reference the exact
Value of any Weight from i Ib. to 15 tons, at 300 Progressive Rates,
from id. to 168.9. per cwt., and containing 186,000 Direct Answers, which,
with their Combinations, consisting of a single addition (mostly to be
performed at sight), will afford an aggregate of 10,266,000 Answers ; the
whole being calculated and designed to ensure correctness and promote
despatch. By HENRY HARBEN, Accountant. Sixth Edition, carefully
Corrected. Royal Svo, strongly half-bound ... ... ... i 55.
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CHAIN CABLES AND CHAINS* Comprising Sizes and
Curves of Links, Studs, Etc., Iron for Cables and Chains, Chain Cable
and Chain Making, Forming and Welding Links, Strength of Cables and

Chains, Certificates for Cables, Marking Cables, Prices of Chain Cables
and Chains, Etc., Etc. By THOMAS W. TRAILL, F.E.R.N., M.Inst.C.E.,

Engineer-Surveyor-in-Chief, Board of Trade, etc. With numerous Tables,

Illustrations, and Lithographic Drawings. Folio, cloth ... 2 2s.

CIVIL ENGINEERING. By HENRY LAW, M.Inst.C.E. Includ-

ing a Treatise on Hydraulic Engineering by G. R. BuRNELL, M.Inst.C.E.
Seventh Edition, Revised, with Large Additions on Recent Practice by
D. KINNEAR CLARK, M.Inst.C.E. Crown 8vo, cloth ... 6s. 6d.

COKE MODERN COKING PRACTICE, Including the

Analysis of Materials and Products. A handbook for those engaged
or interested in Coke Manufacture with recovery of Bye-Products. By
T. H. BYROM, F.I.C., F.C.S., Mem. Soc. Chem. Industry ;

Chief Chemist
to the Wigan Coal and Iron Co.

;
Author of " The Physics and Chemistry

of Mining"; and J. E. CHRISTOPHER, Mem. Soc. Chem. Industry.
168 pp., with numerous Illustrations. Demy 8vo, cloth. Net 8s. 6dL

COMPRESSED AIR WORK AND DIVING, A Handbook
for Engineers, comprising Deep Water Diving and the use of Compressed
Air for Sinking Caissons and Cylinders and for Driving Subaqueous
Tunnels. By G. W. M. BOYCOTT, Assoc. M.Inst.C.E. With numerous
Plates and other Illustrations. Medium 8vo, cloth. ... Net IDS. 6d.
STAGE DECOMPRESSION THE COMMON DIVING DRESS AND HELMET ROUQUAYROL-
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CONTINUOUS RAILWAY BRAKES. A Practical Treatise
on the several Systems in Use in the United Kingdom, their Construction
and Performance. By M. REYNOLDS. 8vo, cloth 95.

CRANES, the Construction of, and other Machinery for Raising
Heavy Bodies for the Erection of Buildings, Etc. By J. GLYNN, F.R.S.
Crown 8vo, cloth is. 6d.

CRUSHING AND GRINDING MACHINERY PRAO
TICE. A Handbook on the Machinery used in Crushing and Grinding
Operations on all classes of materials, including also a Glossary of
Technical Terms and Bibliography. By THOS. G. MARLOW, Grinding,
Drying, and Separating Machinery Specialist; Author of "Drying
Machinery and Practice.' With numerous Tables, Plates, and Illus-

trations. [In the press.

CURVES* TABLES OF TANGENTIAL ANGLES AND
MULTIPLES. For Setting-out Curves from 5 to 200 Radius. By
A. BEAZELEY, M.Inst.C.E. Seventh Edition, Revised. With an

Appendix on the use of the Tables for Measuring up Curves. Printed
on 50 Cards, and sold in a cloth box, waistcoat-pocket size... 35. 6d.

DRAINAGE OF LANDS, TOWNS AND BUILDINGS.
By G. D. DEMPSEY, C.E. Revised, with Large Additions on Recent
Practice in Drainage Engineering by D. KINNEAR CLARK, M.Inst.C.E.
Fourth Edition. Crown 8vo, cloth ... ... ... ... 45. 6d,
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DREDGES AND DREDGING* By CHARLES PRELINI, Author
of "Earth and Rock Excavation,"

"
Tunnelling," &c. 290 pp., with 82

Illustrations. Royal 8vo, cloth ... [fust Published. Net 125. 6d.

DRYING MACHINERY AND PRACTICE. A Handbook
on the Theory and Practice of Drying and Desiccating, with Classified

Description of Installations, Machinery, and Apparatus, including also

a Glossary of Technical Terms and Bibliography. By THOMAS G.

MARLOW, Grinding, Drying, and Separating Machinery Specialist.

346 pages, with 174 Illustrations, and numerous tables. Medium 8vo,
cloth Net I2S. 6d.

DYNAMIC ELECTRICITY AND MAGNETISM, ELE-
MENTS OF. A Handbook for Students and Electrical Engineers.

By PHILIP ATKINSON, A.M., Ph.D. Crown 8vo, cloth, 417 pp., with
120 Illustrations IOS. 6d.

DYNAMO BUILDING. HOW TO MAKE A DYNAMO.
A Practical Treatise for Amateurs. By A. CROFTS. Crown 8vo, cloth. 2s.

DYNAMO ELECTRIC MACHINERY. Its Construction,
Design and Operation. In Two Volumes (Sold separately).

Vol. I. DIRECT CURRENT MACHINES. By SAMUEL SHELDON,
A.M., Ph.D., and ERICH HAUSMANN, B.S., E.E. Eighth Edition,

completely rewritten. Large crown 8vo, cloth. 338 pp., 210 Illustrations.

Net i as.

Vol. II. ALTERNATING CURRENT MACHINES. By SAMUEL
SHELDON, A.M., Ph.D., and HOBART MASON, B.S., E.E., and ERICH
HAUSMANN, B.S., E.E. Eighth Edition, Completely Rewritten. Large
crown 8vo, cloth. 366 pp., with 236 Illustrations. Net 125.

DYNAMO MANAGEMENT. A Handybook of Theory and
Practice. For the use of Mechanics, Engineers, Students, and others
in charge of Dynamos. By G. W. LUMMIS-PATERSON, Electrical

Engineer. Fourth Edition, Revised and Enlarged.. 300 pp., with 117
Illustrations. Crown 8vo, cloth Net 45. 6d.

DYNAMO, MOTOR, AND SWITCHBOARD CIRCUITS
FOR ELECTRICAL ENGINEERS. A Practical Book dealing with

the subject of Direct, Alternating, and Polyphase Currents. By
WM. R. BOWKER, Consulting Electrical and Street Railway Engineer,
Prof, of Physics in the University of Southern California. Second Ed.,
Revised. Medium 8vo, cloth. With Diagrams Net 75. 6d.

DYNAMOS (ALTERNATING AND DIRECT CUR-
RENT). A Text-book on their Construction for Students, Engineer-
Constructors and Electricians-in-Charge. By TYSON SEWELL,A.M.I.E.E.,
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic,
Regent Street. 328 pp., with over 230 Illustrations. Large crown 8vo,
cloth ... ... ... ... ... ... ... ... Net 75. 6d.

EARTHWORK DIAGRAMS. These Diagrams or Scales have
been designed with the intention of reducing the labour connected with
the computation of earthwork quantities, and especially those of railways
and roads. By R. A. ERSKiNE-MuRRAY, A.M.Inst.C.E., and Y. D.

KlRTON, A.M.Can.Soc.C.E. On a sheet in a roll, net 55., or mounted
on card, net 75. 6d.
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EARTHWORK MANUAL. By ALEX. J. GRAHAM, C E. With
numerous Diagrams. Second Edition. i8mo, cloth ... 25. 6d.

EARTHWORK TABLES* Showing the Contents in Cubic Yards
of Embankments, Cuttings, &c., of Heights or Depths up to an average
of 80 feet. By JOSEPH BKOADBENT, C.E., and FRANCIS CAMPIN, C.E.
Crown 8vo, cloth 55.

EARTHWORK TABLES, HANDY GENERAL. Giving
the Contents in Cubic Yards of Centre and Slopes of Cuttings and
Embankments from 3 inches to 80 feet in Depth or Height, for use with
either 66 feet Chain or 100 feet Chain. By J. H. WATSON BUCK,
M.Inst.C.E. On a Sheet mounted in cloth case 35. 6d.

ELECTRIC LIGHT* Its Production and Use. By J. W. URQUHART.
Crown 8vo, cloth ... ... ... ... ... ... ... 75. 6d.

ELECTRIC LIGHT FITTING* A Handbook for Working
Electrical Engineers. By J. W. URQUHART. Crown 8vo, cloth 55.

ELECTRIC LIGHT FOR COUNTRY HOUSES, A Prac-
tical Handbook, including Particulars of the Cost of Plant and Working.
By J. H. KNIGHT. Crown 8vo, wrapper is.

ELECTRIC LIGHTING* By ALAN A. CAMPBELL SWINTON,
M.InstC.E., M.I.E.E. Crown 8vo, cloth is. 6d.

ELECTRIC LIGHTING AND HEATING* A POCKET-
BOOK. Comprising useful Formulae, Tables, Data, and Particulars

of Apparatus and Appliances for the Use of Central Station Engineers,
Contractors, and Engineers-in-Charge. By SYDNEY F. WALKER, R.N.,

M.I.E.E., M.I.M.E., A. M.InstC.E., Etc. F'cap 8vo, 448 pp., 270
Diagrams, and 240 Tables Net ?s. 6d.

ELECTRIC MOTORS: THEIR ACTION, CONTROL,
AND APPLICATION. By FRANCIS B. CROCKER, E.M., Ph.D.,
Professor of Electrical Engineering, Columbia University ;

Past Pres.

A.I.E.E.
;
Mem. British Inst. E.E.

;
and MORTON ARENDT, E.E.,

Assistant Professor of Electrical Engineering, Columbia University ;

Mem. A.I.E.E. 297 pages, with 158 Illustrations. Medium 8vo, cloth.

Net i os. 6d.

ELECTRIC POWER CONDUCTORS. By WM. A. DEL MAR,
A.C.G.I., Assoc. Mem. A.I.E.E., Assoc. I. E.E. Large crown 8vo, cloth.

336 pages, with numerous illustrations. Net 95.
MATERIALS AND GAUGES TESTING WIRE AND CABLE ELECTRICAL PROPERTIES INSTALLA-

TIONINSULATION AND INSULATED CONDUCTORS DEPRECIATION AND DETERIORATION-
DETERMINATION OF SlZE FOR GIVEN VOLTAGE DROP AND POWER LOSS THIRD RAIL CIRCUITS
DETERMINATION OF SIZE FOR GIVEN STRESS IN SPANS RAIL BONDS SPECIFICATIONS

TABLES OF INDUCTANCE, REACTANCE, AND CAPACITY, &c.

ELECTRIC POWER CONDUCTORS :-CONDUCTORS
FOR ELECTRICAL DISTRIBUTION, their Materials and Manufac-
ture. The Calculation of Circuits, Pole-line Construction, Under-
ground Working, and other Uses. By F. A. C. PERRINE, A.M., D.Sc.,
Mem.Am. Inst. E.E. Second Edition, Revised. Medium 8vo, 300 pp.,

fully illustrated Net ics.

ELECTRIC SHIP-LIGHTING. A Handbook on the Practical

Fitting and Running of Ship's Electrical Plant. By J. W. URQUHART.
Fourth Edition, Revised and Enlarged. 365 pages, with 90 Illustrations.
Crown 8vo, cloth ... ... ... ... ... ... ... 75. 6d.

ELECTRIC WIRING, DIAGRAMS AND SWITCH-
BOARDS. By NEWTON HARRISON, E.E., Instructor of Electrical

Engineering in the Newark Technical School. Crown 8vo, cloth Net RS.
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ELECTRIC WIRING, &c. continued.
THE BEGINNING OF WIRING CALCULATING THE SIZE OF WIRE A SIMPLE ELECTRIC LIGHT

CIRCUIT CALCULATED ESTIMATING THE MAINS, FEEDERS, AND BRANCHES USING THE BRIDGE
FOR TESTING THE INSULATION RESISTANCE WIRING FOR MOTORS WIRING WITH CLEATS,
MOULDING AND CONDUIT LAYING-OUT A CONDUIT SYSTEM POWER REQUIRED FOR LAMPS-
LIGHTING OF A ROOM SWITCHHOARDS AND THEIR PuRl'OSE SWITCHBOARDS DESIGNED FOR
SHUNT AND COMPOUND-WOUND DYNAMOS PANEL SWITCHBOARDS, STREET RAILWAY SWITCH-
BOARDS, LIGHTNING ARRESTERS THE GROUND DETECTOR LOCATING GROUNDS ALTERNATING
CURRENT ClKCUITS THE POWER FACTOR IN CIRCUITS CALCULATION OF SlZF.S OF WlRE FOR
SINGLE, Two AND THREE-PHASE CIRCUITS.

ELECTRICAL AND MAGNETIC CALCULATIONS.
For the use of Electrical Engineers and Artisans, Teachers, Students,
and all others interested in the Theory and Application of Electricity and

Magnetism. By A. A. ATKINSON, M.S., Professor of Physics and

Electricity in Ohio University, Athens, Ohio. Crown 8vo, cloth Net 95.

ELECTRICAL CALCULATIONS (ELEMENTARY)* A
Manual of Simple Engineering Mathematics, covering the whole field

of Direct Current Calculations, the Basis of Alternating Current

Mathematics, Networks and Typical Cases of Circuits, with Appendices
on Special Subjects. By T. O'CoNOR SLOANE, A.M., E.M., Ph.D.,
Author of "The Standard Electrical Dictionary." Large Crown 8vo,
cloth, 314 pp. with Diagrams Net 95.

ELECTRICAL DICTIONARY. A Popular Encyclopaedia of
Words and Terms used in the Practice of Electrical Engineering.
By T. O'CoNOR SLOANE, A.M., E.M., Ph.D. Fourth Edition, with

Appendix. 690 pages and nearly 400 Illustrations. Large Crown 8vo,
cloth Net 75. 6d.

ELECTRICAL ENGINEERING* A First-Year's Course for

Students. By TYSON SEWELL, A.M.I.E.E., Lecturer and Demonstrator
in Electrical Engineering at the Polytechnic, Regent Street, London.
Fifth Edition, Thoroughly Revised. Large Crown 8vo, cloth. 465 pp.,
with 277 I llustrations [ Just Published. Net 55.
OHM'S LAW UNITS EMPLOYED IN ELECTRICAL ENGINEERING SERIES AND PARALLEL

CIRCUITS CURRENT DENSITY AND POTENTIAL DROP IN THE CIRCUIT THE HEATING EFFECT
OF THE ELECTRIC CURRENT THE MAGNETIC EFFECT OF AN ELECTRIC CURRENT THE
MAGNETISATION OF IRON ELECTRO CHEMISTRY PRIMARY BATTERIES ACCUMULATORS-
INDICATING INSTRUMENTS AMMETKRS, VOLTMETERS, OHMME-IERS ELECTRICITY SUPPLY
METERS MEASURING INSTRUMENTS, AND THE MEASUREMENT OF ELECTRICAL RESISTANCE
MEASUREMENT OF POTENTIAL DIFFERENCE, CAPACITY, CURRENT S-TR-KNGTH, AND PERME-
ABILITY ARC LAMPS INCANDESCENT LAMPS MANUFACTURE AND INSTALLATION PHOTO-
MKTRY THE CONTINUOUS CURRENT DYNAMO DIRECT CURRENT MOTORS ALTERNATING
CURRENTS TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS POLYPHASE WORKING
\PPENDIX I., THE THREE WIRE SYSTEM APPENDIX II., QUESTIONS AND ANSWERS.

ELECTRICAL ENGINEERING (ELEMENTARY). In

Theory and Practice. A Class Book for Junior and Senior Students and
Working Electricians. By J. H. ALEXANDER. With nearly 200 illustra-

tions. Crown 8vo, cloth Net 35. 6d.
FUNDAMENTAL PRINCIPLES ELECTRICAL CURRENTS SOLENOID COILS, GALVANOMETERS.

VOLT-METERS MEASURING INSTRUMENTS ALTERNATING CURRENTS DYNAMO ELECTRIC
MACHINES CONTINUOUS CURRENT DYNAMOS INDUCTION, STATIC TRANSFORMERS, CONVERTERS
MOTORS PRIMARY AND STORAGE CELLS ARC LAMPS INCANDESCENT LAMPS SWITCHES,
FUSES, ETC. CONDUCTORS AND CABLES ELECTRICAL ENERGY METERS SPECIFICATIONS
GENERATION AND TRANSMISSION OF ELECTRICAL ENERGY GENERATING STATIONS.

ELECTRICAL ENGINEERING, GENERAL LECTURES
ON. By C. PROTEUS STEINMETZ, A.M., Ph.D. Third edition, com-
piled and edited by J. LEROY HAYDEN. 284 pages, with Diagrams.
Medium 8vo, cloth Net 8s. 6d.

ELECTRICAL ENGINEERING* See ALTERNATING CURRENTS.
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ELECTRICAL TRANSMISSION OF ENERGY. A
Manual for the Design of Electrical Circuits. By ARTHUR VAUGHAN
ABBOTT, C.E., Member American Institute of PLlectrical Engineers,
etc. Fifth Edition, Rewritten and Enlarged, with numerous Tables,

Plates, and other Illustrations. Royal 8vo, 700 pages. Strongly bound
in cloth ... ... Net 2is.

ELECTRICAL TRANSMISSION OF ENERGY THREE
PHASE TRANSMISSION. A Practical Treatise on the Economic
Conditions governing the Transmission of Electric Energy by Under-

ground and Overhead Conductors. By WILLIAM BREW, M.I.E.E., Late
Chief Expert Assistant, Dublin Corporation Electricity Supply. i86pp.,
with 83 Illustrations. Demy Svo, cloth Net 75. 6d.

ELECTRICITY AS APPLIED TO MINING* By ARNOLD
LUPTON, M.Inst.C.E., M.I.Mech.E., M.I.E.E., late Professor of Coal

Mining at the Yorkshire College, Victoria University : G. D. ASPINALL
PARR, M.I.E.E., A. M.I.Mech.E., Head of the Electrical Engineering
Department, Yorkshire College, Victoria University ;

and HERBERT
PERKIN, M.I.M.E., Assistant Lecturer in the Mining Department of the

Yorkshire College, Victoria University. Second Edition, Revised and

Enlarged,medium Svo, cloth, 300 pp., with about 170 illustrations. Net 125.
INTRODUCTORY DYNAMIC ELECTRICITY DRIVING OF THE DYNAMO THE STEAM TURBINE

DISTRIBUTION OF ELECTRICAL ENERGV STARTING AND STOPPING ELECTRICAL GENERATORS AND
MOTORS ELECTRIC CABLES CENTRAL ELECTRICAL PLANTS ELECTRICITY APPLIED TO
PUMPING AND HAULING ELECTRICITY APPLIED TO COAL CUTTING TYPICAL ELECTRIC PLANTS
RECENTLY ERECTED ELECTRIC LIGHTING BY ARC AND GLOW LAMPS MISCELLANEOUS APPLICA-
TIONS OF ELECTRICITY ELECTRICITY AS COMPARED WITH OTHER MODES OF TRANSMITTING
POWER DANGERS OF ELECTRICITY.

ELECTRICITY IN FACTORIES AND WORKSHOPS :

ITS COST AND CONVENIENCE. A Handybook for Power
Producers and Power Users. By A. P. HASLAM, M.I.E.E. 328 pp., with
numerous Illustrations. Large crown Cvo, cloth. ... ... Net 75. 6d.
THE ELECTRIC MOTOR AND ITS ACCESSORIES THE DIRECT CURRENT MOTOR THE

ALTERNATING CURRENT MOTOR THE STARTING AND SPEED REGULATION OF ELECTRIC
MOTORS THE RATING AND EFFICIENCY OF ELECTRIC MOTORS THE PROVISION OF ELECTRIC
ENERGY THE COST OF ENERGY AS AFFECTED BY CONDITIONS OF WORKING THE QUESTION
FOR THE SMALL POWER USER INDEPENDENT GENERATING PLANTS OIL AND GAS ENGINE
PLANTS INDEPENDENT GENERATING PLANTS STEAM PLANTS POWER STATION TARIFFS THE
APPLICATIONS OF ELECTRIC POWER THE USE OF ELECTRIC POWER IN TEXTILE FACTORIES-
ELECTRIC POWER IN PRINTING WORKS THE USE OF ELECTRIC POWER IN ENGINEERING
WORKSHOPS MISCELLANEOUS APPLICATIONS OF ELECTRIC POWEK THE INSTALLATION OF
ELECTRIC MOTORS THE LIGHTING OF INDUSTRIAL ESTABLISHMENTS.

ELECTRICITY. A STUDENT'S TEXT-BOOK. By
H. M. NOAD, F.R.S. 650 pp., 470 illustrations. Crown Svo ... ps.

ELECTRICITY, POWER TRANSMITTED BY, AND
APPLIED BY THE ELECTRIC MOTOR, including Electric Railway
Construction. By PHILIP ATKINSON, A.M., Ph.D., author of ' Elements
of Static Electricity." Fourth Edition, Enlarged, Crown Svo, cloth,

224 pp., with over 90 illustrations ... ... ... ... Net ps.

ELECTRO-PLATING AND ELECTRO-REFINING OF
METALS. Being a new edition of Alexander Watt's " Electro-De-

position." Revised and Largely Re-written by ARNOLD PHILIP,
Assoc. R.S.M., B.Sc., A.I.E.E., F.I.C., Principal Assistant to the

Admiralty Chemist, formerly Chief Chemist to the Engineering Depart-
ments of the India Office. Second Edition, Revised. 700 pp., with nu-

merous Illustrations, Large Cr. Svo, cloth Net I2S. 6d.



CIYIL, MECHANICAL, ELECTRICAL & MARINE ENGINEERING. \ i

ENGINEERING DRAWING. A WORKMAN'S
MANUAL. By JOHN MAXTON, Instructor in Engineering Drawing,
Koyal Naval College, Greenwich. Eighth Edition. 300 Plates and
Diagrams. Crown Svo, cloth ... ... ... ... ... 35. 6d.

ENGINEERING ESTIMATES, COSTS, & ACCOUNTS.
A Guide to Commercial Engineering. With numerous examples of
Estimates and Costs of Millwright Work, Miscellaneous Productions,
Steam Engines and Steam Boilers

; and a Section on the Preparation of

Costs Accounts. By A GENERAL MANAGER. Third Edition. Revised
and Corrected. 276 pages. 8vo, cloth ... ... ... Net 73. 6d.

ENGINEERING PROGRESS (1863*6).. By WM. HUMBER,
A.M.Inst.C.E. Complete in Four Vols. Containing 148 Double Plates,
with Portraits and Copious Descriptive Letterpress. Imperial 410, halt

morocco. Price, complete, 12 125. ;
or each volume sold separately at

3 35. per Volume. Descriptive List of Contents on application.

ENGINEER'S AND MILLWRIGHTS ASSISTANT, A
Collection of Useful Tables, Rules, and Data. By WILLIAM TEMPLETON.
Eighth Edition, with Additions. i8mo cloth... ... ... 25. 6d.

ENGINEER'S HANDBOOK. A Practical Treatise on Modern
Engines and Boilers, Marine, Locomotive, and Stationary. And contain-

ing a large collection of Rules and Practical Data relating to Recent
Practice in Designing and Constructing all kinds of Engines, Boilers, and
other Engineering work. The whole constituting a comprehensive Key
to the Board of Trade and other Examinations for Certificates of Com-
petency in Modern Mechanical Engineering. By WALTER S. HliTTON,
Civil and Mechanical Engineer, Author of " The Works' Manager's
Handbook for Engineers," etc. Seventh Edition, Revised and Enlarged.
576 pp., with 430 Illustrations. Med. 8vo, cloth i8s.

ENGINEER'S, MECHANIC'S, ARCHITECT'S,
BUILDER'S, ETC., TABLES AND MEMORANDA. Selected and

Arranged by FRANCIS SMITH. Seventh Edition, Revised, including
ELECTRICAL TABLES, FORMULAE, and MEMORANDA. Waistcoat-pocket
size, limp leather ... ... ... ... ... ... ... is. 6d.

ENGINEER'S YEAR-BOOK FOR 1912. Comprising For-

mulae, Rules, Tables, Data and Memoranda. Forming a Compendium
of the Modern Practice of Civil, Mechanical, Electrical, Marine, Gas, and
Mine Engineering. By H. R. KEMPE, M.Inst.C.E., M.I.Mech.E.,
M.I.E.E., Electrician to the Post Office, formerly Principal Staff Engineer,
Engineer-in-Chiefs Office, General Post Office, London, Author of "A
Handbook of Electrical Testing." With the collaboration of eminent
specialists. 1,500 pages. With 1,200 Illustrations, specially Engraved
for the work. Crown 8vo, leather ... \fust Published. IDS. 6d.
LIST OF CONTRIBUTORS: WM. H. BOOTH, C.E., F.G.S., M.Am.Soc.C.E. (Steam Engines and

Boilers, Steam Turbines, Fuels, Pumps, Cotton Mills, Cranes, Water Softening, Well-Sinking, &c.);
G. A. BURLS, M. Inst.C.E. (Internal Combustion Kngines. Motor Cars, and Aeroplanes); Prof.
C. A. CARUS-WILSON, M.A., M.I.E.E., A.M.Inst.C.E. (Electrical Engineering); BRYSSON CUN-
NINGHAM, B.E., A.M.Inst.C.E. (Harbour and Dock Engineering) ; ALEX. DREW, M.I.Mech.E.,
M.C.I. (Reinforced Concrete Construction); Prof". T. CLAXTON FIDLER, M.Inst.C.E. (Beams,
Girders, Bridges, and Joists); PERCY A. HILLHOUSE, B.Sc., M.I.N.A. (Naval Architecture and
Marine Engineering); W. HOWARD-SMITH, A.M.Inst.C.E. (Tramways, Railways); GEORGE HUGHES,
M.I.Mech.E., Chief Mechanical Engineer, Lancashire and Yorkshire Railway (Locomotives);
NEWTON B. K-^ox, E.M., M.l.M.M. (Metalliferous Mining and Mining Machinery); NORMAN E.
NOBLE (Woodworking Machinery); HENRY O'CONNOR, F.R.S.Edin., A.M.Inst.C.E. (Gas and Gas
Works); G. F. REDFERN & Co., Chartered Patent Agents (Patents, Trade Marks, and Designs);
E. J. SILCOCK, M.Inst.C.E.. F.G.S., F.S.I. (Sewerage, Sewage Disposal, and House Drainage);
FRED SIMPSON, A.M.Inst.C.E. (Refrigeration, Ice-Making, and Cold Storage); J. VEITCK WILSON
(Lubricants and Lubrication) ; The ENGINEERS AND CARRIAGE SUPERINTENDENTS of the principal
British Railway Companies (Locomotives and Rolling Stock

;
Permanent-Way Plant, &c.).
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ENGINEMAN'S POCKET COMPANION, and Practical

Educator lor Enginemen, Boiler Attendants, and Mechanics. By
MICHAEL REYNOLDS. With 45 Illustrations and numerous Diagrams.
Fifth Edition. Royal i8mo, strongly bound for pocket wear 354 6d.

EXCAVATION (EARTH AND ROCK). A Practical

Treatise, by CHARLES PRELINT, C.E. 365 pp., with Tables, many
Diagrams and Engravings. Royal 8vo, cloth i\et i6s.

FACTORY ACCOUNTS. Their Principles and Practice. A
Handbook for Accountants and Manufacturers. By E. GARCKE and
J. M. FELLS. Sixth Edition, Revised and considerably extended. 314
pages. Demy 8vo, cloth Net 6s.

FIRE PROTECTION IN BUILDINGS. A Praciical Treatise
for Engineers, Architects, Surveyors, and Property Owners. By
HAROLD G. HOLT, A.R.J.B.A. 300 pages, with Diagrams and Illus-

trations [In Preparation. Price about 45. 6d. net.

FIRES, FIRE
:ENGINES, AND FIRE BRIGADES. With a

History of Fire-Engines, their Construction, Use, and Management.
Hints on Fire-Brigades, fcc. By C. F. T. YOUNG. Svo, cloth i 45.

FLYING MACHINES OF TO-DAY. By WM. DUAXE ENNIS,
Professor of Mechanical Engineering in the Polytechnic Institute of

Brooklyn. 218 pages, with 123 Illustrations. Large Crown Svo,
cloth [Just Published. Net 6s.

FLYING MACHINES. See also AVIATION.

FOUNDATIONS AND CONCRETE WORKS, With
Practical Remarks on Footings, Planking, Sand and Concrete, Beton,
Pile-driving, Caissons, and Cofferdams. By E. DOBSON. Crown Svo.

is. 6d.

FUEL, ITS COMBUSTION AND ECONOMY. Consisting
of an Abridgment of "A Treatise on the Combustion of Coal and the
Prevention of Smoke." By C. W. WILLIAMS, A.Inst.C.E. With exten-
sive Additions by D. KINNEAR CLARK, M.lnst.C.E. Fourth Edition
Crown Svo, cloth 35. 6d.

FUELS: SOLID, LIQUID, AND GASEOUS. Their Analysis
and Valuation. For the Use of Chemists and Engineers. By H. J.

PHILLIPS, F.C.S., formerly Analytical and Consulting Chemist to the
Great Eastern Railway. Fourth Edition. Crown Svo, cloth 2s. od.

GAS AND OIL ENGINE MANAGEMENT. A Practical
Guide for Users and Attendants, being Notes on Selection, Construction
and Management. By M. Powis BALE, M.lnst.C.E., M.I.Mech.E.,
Author of "Woodworking Machinery," etc. Third Edition, enlarged.
Crown Svo, cloth Net 35. 6d.

GAS-ENGINE, A HANDBOOK ON THE. Comprising
a Practical Treatise on Internal Combustion Engines. For the Use of

Engine Builders, Engineers, Mechanical Draughtsmen, Engineering
Students, Users of Internal Combustion Engines, and others. By
HERMAN HAEDER, Civil Engineer, \Viesbaden. Translated from the

German, and edited by WILLIAM M. HUSKISSON, A.M.I.E.E. (9$ years
with Messrs. Crossley Bros., of Openshaw). With the addition ofnumerous
Useful Tables and other Matter. 330 pages, with over 500 Illustrations

and Tables. Small 410, cloth [Just Published. Net i8s.
" There can be no question as to the utility of the work, and the translator is to be congratulated

on the thoroughness with which he has discharged his task." Mechanical World.
"The work is in every respect of a very high standard, and may be strongly recommended to

those who wish to make a study of the technical details of the internal combustion engine.'' Journal
o_/ Gas Lighting'.
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GAS ENGINEER'S POCKET-BOOK. Comprising Tables,
Notes and Memoranda relating to the Manufacture, Distribution, and
Use of Coal Gas and the Construction of Gas Works. By H. O'CONNOR,
A.M.Inst.C.E. Third Ed., Revised. Crown 8vo, leather Net IDS. 6d.

GAS-ENGINE HANDBOOK. A Manual of Useful Information
for the Designer and the Engineer, By E. W. ROBERTS, M.E. With
Forty Full-page Engravings. Small F'cap. 8vo, leather Net 8s. 6d.

GAS-ENGINES AND PRODUCER-GAS PLANTS. A
Treatise setting forth the Principles of Gas Engines and Producer

Design, the Selection and Installation of an Engine, the Care of Gas
Engines and Producer-Gas Plants, with a Chapter on Volatile Hydro-
carbon and Oil Engines. By R. E. MATHOT, M.E. Translated from
the French. With a Preface by DUGALD CLERK, M.Inst.C.E., F.C.S.
Medium dvo, cloth, 310 pages, with about 150 Illustrations Net ias.
MOTIVE POWER AMD COST OK INSTALLATION- SELECTION OF AN ENGINE INSTALLATION

OK AN ENGINE FOUNDATION AND EXHAUST WATER CUMULATION LUBRICATION CONDITIONS
OK PERFECT OPERATION How TO START AN ENGINE PRECAUTIONS PERTURBATIONS IN THE
OPERATION OF ENGINES PRODUCER-GAS ENGINES PRODUCER-GAS PRESSURE GAS-PRODUCERS
SUCTION GAS-PRODUCERSOIL AND VOLATILE HYDROCARBON ENGINES THE SELECTION

OF AN ENGINE.

GAS ENGINES. With Appendix describing a Recent Engine with
Tube Igniter. By T. M. GOODEVE, M.A. Crown 8vo, cloth 2S, 6d.

GAS ENGINES. See also INTERNAL COMBUSTION ENGINES.

GAS LIGHTING. See also ACETYLENE.

GAS LIGHTING FOR COUNTRY HOUSES. See PETROL
AIR GAS.

GAS MANUFACTURE, CHEMISTRY OF. A Practical

Manual for the Use of Gas Engineers, Gas Managers and Students. By
HAROLD M. ROYLE, F.C.S., Chief Chemical Assistant at the Beckton
Gas Works. Demy 8vo, cloth. 340 pages; with numerous Illustrations

and Coloured Plate Net 125. 6d.
PREPARATION OF STANDARD SOLUTIONS ANALYSIS OF COALS DESCRIPTION OF VARIOUS

TYPES OF FURNACES PRODUCTS OF CARBONISATION AT VARIOUS TEMPERATURES ANALYSIS OF
CRUDE GAS ANALYSIS OF LIME ANALYSIS OF AMMONIACAL LIQUOR ANALYTICAL VALUATION
OK OXIDE OF IRON ESTIMATION OF NAPHTHAI.IN ANALYSIS OK FIRE-BRICKS AND FIRE-CLAY
ART OF PHOTOMETRY CARBURETTED WATER GAS APPENDIX CONTAINING STATUTORY AND

OFFICIAL REGULATIONS FOR TESTING GAS, VALUABLE EXCERPTS FROM VARIOUS IMPORTANT
PAPERS ON GAS CHEMISTRY, USEFUL TABLES, MEMORANDA, ETC.

GAS WORKS. Their Construction and Arrangement, and the
Manufacture and Distribution of Coal Gas. By S. HUGHES, C.E. Ninth
Edition. Revised, with Notices of Recent Improvements, by HENRY
O'CONNOR, A.M.Inst.C.E. Crown Svo, cloth 6*.

GEOMETRY. For the Architect, Engineer, and Mechanic. By
E. W. TARN, M.A.

,
Architect. Svo, cloth ... ps.

GEOMETRY FOR TECHNICAL STUDENTS. By E. H.
SPRAGUE, A.M.Inst.C.E. Crown Svo, cloth Net is.

GEOMETRY OF COMPASSES. By OLIVER BYRNE. Coloured
Plates. Crown Svo, cloth ... ... ... ... ... 33. 6d.

GUNNERY. See RECOIL OF GUNS.

HEAT, EXPANSION OF STRUCTURES BY. By JOHN
KEILY, C.E. Crown 8vo, cloth 35. 6d.
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HOISTING MACHINERY, Including the Elements of Crane
Construction and Descriptions of the Various Types of Cranes in Use.

By JOSEPH HORNER, A.M.I. M.E. Crown Svo, cloth, with 215 Illustra-

tions, including Folding Plates Net 75. 6d.

HYDRAULIC MANUAL. Consisting of Working Tables and

Explanatory Ttxt. Intended as a Guide in Hydraulic Calculations and
Field Operations. By Lowis D'A. JACKSON. Fourth Edition, Enlarged.
Large Crown Svo, cloth i6s.

HYDRAULIC POWER ENGINEERING. A Practical

Manual on the Concentration and Transmission of Power by Hydraulic
Machinery. By G. CROYDON MARKS, A.M.Inst.C.E. Second Edition,

Enlarged, with about 240 Illustrations. Svo, cloth ... Net ios. 6d.
SUMMARY OF CONTENTS : PRINCIPLES OF HYDRAULICS THE FLOW OF WATER-

HYDRAULIC PRESSURES MATERIAL TEST LOAD PACKING FOR SLIDING STRFACES PIPE JOINTS
CONTROLLING VALVES PLATFORM LIFTS WORKSHOP AND FOUNDRY CRANES WAREHOUSE

AND DOCK CRANES HYDRAI LIC ACCUMULATORS PRESSES FOR BALING AND OTHER PURPOSES
SHEET METAL WORKING AND FOKGING MACHINERY HYDRAULIC RIVETERS HAND AND POWER
PUMPS STEAM PUMPS TURBINES IMPULSE TURBINES REACTION TURBINES DESIGN OF
TURBINES IN DETAIL WATER WHEELS HYDRAULIC ENGINES RECENT ACHIEVEMENTS
PRESSURE OF WATER ACTION. OF PUMPS, ETC.

INTERNAL COMBUSTION ENGINES. Their Theory,
Construction, and Operation. By ROLLA C. CARPENTER, M.M.E.,
LL.D., and H. DIEDERICHS, M.E., Professors of Experimental Engi-
neering, Sibley College, Cornell University. 610 pages, with 373 Illus-

trations. Medium Svo, cloth A>/2is.
INTRODUCTION, DEFINITIONS AND CLASSIFICATIONS, INDICATED AND BRAKE HORSE-HOWER

THERMODYNAMICS OF THE GAS ENGINE THEORETICAL COMPARISON OF VARIOUS TYPES OF
INTERNAL COMBUSTION ENGINES THE VARIOUS EVENTS OF THE CONSTANT-VOLUME AND
CONSTANT-PRESSURE CYCLE AS MODIFIED BY PRACTICAL CONDITIONS THE TEMPERATURE
ENTROPY DIAGRAM APPLIED TO THE GAS ENGINE COMBUSTION GAS-ENGINE FUELS, THE
SOLID FUELS, GAS PRODUCERS THE GAS-ENGINE FUELS, LIQUID FUELS, CARBURETTERS AND
VAPORISERS GAS-ENGINE FUELS, THE GAS FUELS, THE FUEL MIXTURE EXPLOSIBILITY, PRES-
SURE AND TEMPERATURE THE HISTORY OF THE GAS ENGINE MODERN TYPES OF INTERNAL
COMBUSTION ENGINES GAS ENGINE AUXILIARIES, IGNITION, MUFFLERS, AND STARTING
APPARATUS REGULATION*OF INTERNAL COMBUSTION ENGINES THE ESTIMATION OF POWER
OF GAS ENGINES METHODS OF TISTIXG INTERNAL COMBUSTION ENGINES THE PERFORMANCE
OF GAS ENGINES AND GAS PRODUCERS COST OF INSTALLATION AND OF OPERATION.

IRON AND METAL TRADES COMPANION, For Ex-

peditiously Ascertaining the Value of any Goods bought or sold by
Weight, from is. per cwt. to 112.9. per cwt., and from one farthing per
pound to one shilling per pound. By THOMAS DOWNIE. Strongly
bound in leather, 396 pp 95.

IRON AND STEEL, A Work for the Forge, Foundry, Factory,
and Office. Containing ready, useful, and trustworthy Information for

Ironmasters and their Stock-takers
; Managers of Bar, Rail, Plate, and

Sheet Rolling Mills
;
Iron and Metal Founders

;
Iron Ship and Bridge

Builders
; Mechanical, Mining, and Consulting Engineers ; Architects,

Contractors, Builders, etc. By CHARLES HOARE, Author of "The
Slide Rule," etc. Ninth Edition. 32mo,leather 6s.

IRON AND STEEL CONSTRUCTIONAL WORK, as

applied to Public, Private, and Domestic Buildings. By FRANCIS
CAMPIN, C.E. Crown Svo, cloth 35. 6d.

IRON AND STEEL GIRDERS* A Graphic Table for Facili-

tating the Computation of the Weights of Wrought Iron and Steel

Girders, etc., for Parliamentary and other Estimates. By J. H. WATSON
BUCK, M.Inst.C.E. On a Sheet 2s, 6d.
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IRON-PLATE WEIGHT TABLES* For Iron Shipbuilders,
Engineers, and Iron Merchants. Containing the Calculated Weights of

upwards of 150,000 different sizes of Iron Plates from i ft. by 6 in. by
in. to 10 ft. by 5 ft. by I in. Worked out on the basis of 40 Ibs. to the.

square foot of Iron I in. in thickness. By H. BlJRLlNSON and W. H.
SIMPSON. 4to, half-bound i 55-

IRRIGATION (PIONEER). A Manual of Information for

Farmers in the Colonies. By E. O. MAWSON, M.Inst.C.E., Executive

Engineer, Public Works Department, Bombay. With Chapters on Light
Railways by E. R. CALTHROP, M.Inst.C.E., M.I.M.E. With Plates and

Diagrams. Demy 8vo, cloth ... ... ... ... Net IDS. 6d.
VALUE OF IRRIGATION, AND SOURCES OF WATER SUPPLY DAMS AND WEIRS CANALS

UNDERGROUND WATER METHODS OF IRRIGATION SEWAGE IRRIGATION IMPERIAL AUTOMATIC
SLUICE GATES THE CULTIVATION OF IRRIGATED CROPS, VEGETABLES, AND FRUIT TREES
LIGHT RAILWAYS FOR HEAVY TRAFFIC USEFUL MEMORANDA AND DATA.

LATHE PRACTICE* A Complete and Practical Work on the
Modern American Lathe. By OSCAR E. PERRIGO, M.E., Author of
" Modern Machine Shop Construction, Equipment, and Management,"
etc. Medium 8vo, 424 pp., 315 illustrations. Cloth ... i\'et 125.
HISTORY OF THE LATHE UP TO THE INTRODUCTION OF SCREW THREADS ITS DEVELOPMENT

SINCE THE INTRODUCTION OF SCREW THREADS CLASSIFICATION OF LATHES LATHE DESIGN.
THE BED AND ITS SUPPORTS THE HEAD-STOCK CASTING, THE SPINDLE, AND SPINDLE-CONE THE
SPINDLE BEARINGS, THE BACK GEARS, AND THE TRIPLE-GEAR MECHANISM THE TAIL STOCK,
THE CARRIAGE, THE APRON, ETC. TURNING RESTS, SUPPORTING RESTS, SHAFT STRAIGHTENERS,
ETC. LATHE ATTACHMENTS RAPID CHANGE GEAR MECHANISMS LATHE TOOLS, HIGH-SPEED
STEEL, SPEEDS AND FEEDS, POWER FOR CUTTING TOOLS, ETC. TESTING A LATHE LATHE WORK
ENGINE LATHES HEAVY LATHES HIGH-SPEED LATHES SPECIAL LATHES REGULAR TURRET

LATHES SPECIAL TURRET LATHES ELECTRICALLY-DRIVEN LATHES.

LATHE'WORK, A Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Turning. By PAUL N. HASLUCK.
Eighth Edition. Crown 8vo, cloth ... ... ... ... ... 55.

LAW FOR ENGINEERS AND MANUFACTURERS.
See EVERY MAN'S OWN LAWYER. A Handybook of the Principles of

Law and Equity. By a Barrister. Forty-ninth (1912) Edition, Revised
and Enlarged, including Abstracts of the Legislation of 1911 of especial
interest to Engineering Firms and Manufacturers. Large crown 8vo,

cloth, 838 pages ... ... [Just Published. Net 6s. 8d.

LEVELLING, PRINCIPLES AND PRACTICE OF. Showing
its Application to Purposes of Railway and Civil Engineering in the Con-
struction of Roads

;
with Mr. TELFORD'S Rules for the same. By

FREDERICK W. SIMMS, M.InstC.E. Ninth Edition, with LAW'S
Practical Examples for Setting-out Railway Curves, and TRAUTWINE'S
Field Practice of Laying-out Circular Curves. With seven Plates and
numerous Woodcuts. 8vo 8s. 6d.

LIGHTNING CONDUCTORS, MODERN. An Illustrated

Supplement to the Report of the Lightning Research Committee of 1905,
also the Phcenix Fire Office 1910 Rules, with Notes as to the Methods of

Protection, and Specifications. By KILLINGWORTH HEDGES,M.Inst.C.E.,
M.I.E.E., Honorary Secretary to the Lightning Research Committee.
Second Edition, with additions. 132 pp., with Illustrations. Medium
8vo, cloth ... Net 6s. 6d,
"... The information given is most valuable." Electrical Engineer.
"The work now appears with some additions that noticeably enhance its value." Scotsman



16 CROSBY LOCKWOOD & SON'S CATALOGUE.

LOCOMOTIVE ENGINE, The Autobiography of an old Loco-

motive Engine. BY ROBERT WEATHERBURN, M.I.M.E. With Illus-

trations and Portraits of GEORGE and ROBERT STEPHENSON. Crown
8vo. cloth AV/2S. 6d.

LOCOMOTIVE ENGINE DEVELOPMENT. A Popular
Treatise on the Gradual Improvements made in Railway Engines
between 1803 and 1903. By CLEMENT C. STRETTON, C.E. Sixth

Edition, Revised and Enlarged. Crown 8vo, cloth ... Net 4$. 6d.

LOCOMOTIVE ENGINE DRIVING. A Practical Manual for

Engineers in Charge of Locomotive Engines. By MICHAEL REYNOLDS,
M.S.E. Twelfth Edition. Crown 8vo, cloth, 35. 6d. ;

cloth boards

45. 6d.

LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By
G. D. DEMPSEY, C.E. With large additions treating of the Modern
Locomotive, by D. K. CLARK, M.Inst.C. . With Illustrations. Crown
8vo, cloth 35.

LOCOMOTIVE (MODEL) ENGINEER, Fireman and Engine-
boy. Comprising a Historical Notice of the Pioneer Locomotive

Engines and their Inventors. By MICHAEL REYNOLDS. Crown 8vo,

cloth, 35. 6d. ;
cloth boards 45. 6d.

LOCOMOTIVES, THE APPLICATION OF HIGHLY
SUPERHEATED STEAM TO. See STEAM.

MACHINERY, DETAILS OF. Comprising Instructions for

the Execution of various Works in Iron in the Fitting Shop, Foundry,
and Boiler Yard. By FRANCIS CAMPIN, C.E. Crown Svo, cloth 35

MACHINE SHOP TOOLS* A Practical Treatise describing in

every detail the Construction, Operation and Manipulation of both Hand
and Machine Tools

; being a work of Practical Instruction in all Classes
of Modern Machine Shop Practice, including Chapters on Filing,
Fitting and Scraping Surfaces

;
on Drills, Reamers, Taps and Dies

;

the Lathe and its Tools
; Planers, Shapers and their Tools

; Milling
Machines and Cutters

;
Gear Cutters and Gear Cutting ; Drilling

Machines and Drill Work, c. By W. H. VAN DERVOORT, M.E.,
Illustrated by 673 Engravings. Medium Svo ... ... Net 2 is.

MAGNETOS FOR AUTOMOBILISTS - How made and How
used. A handybook on their Construction and Management. By S. R.
BOTTONE. Second Edition Enlarged. 118 pages, with 52 Illustrations,

Crown Svo, cloth ... ... ... ... ... ... ... Net 2s.

MARINE ENGINEERING, An Elementary Manual for Young
Marine Engineers and Apprentices. By J. S. BREWER. Crown Svo,
cloth... is. 6d.

MARINE ENGINEER'S GUIDE to Board of Trade Examina-
tions for Certificates of Competency. Containing all Latest Questions
to Date, with Simple, Clear, and Correct Solutions ; 302 Elementary
Questions with Illustrated Answers, and Verbal Questions and Answers';
complete Set of Drawings with Statements completed. By A. C. WANNAN.
C.E., Consulting Engineer, and E. W. I. WANNAN, M.I.M.E., Certifi-

cated First Class Marine Engineer. With numerous Engravings
Fourth Edition, Enlarged. 500 pages Lge. Cr. Svo, cloth. Net IDS. 6d.
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MARINE ENGINEER'S POCKET-BOOK. Containing latest

Board of Trade Rules and Data for Marine Engineers. By A. C.WANNAN.
Fifth Edition, 186 pages, Illustrated. Square i8mo, with thumb Index,
leather Net ^s. 6d.

MARINE ENGINES AND BOILERS* Their Design and
Construction. A Handbook for the Use of Students, Engineers, and
Naval Constructors. Based on the Work "

Berechnung und Konstruktion
der Schiffsmaschinen und Kessel," by Dr. G. BAUER, Engineer-in-Chief
of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second
German Edition by E. M. DONKIN and S. BRYAN DONKIN, A.M.I.C.E.
Edited by LESLIE S. ROBERTSON, Secretary to the Engineering Standards

Committee, M.I.C.E., M.I.M.E., M.I.N.A., Etc. With numerous Illus-

trations and Tables. Medium 8vo, cloth Net 255.
SUMMARY OF CONTENTS : PART I. MAIN ENGINES: DETERMINATION OK

CYLINDER DIMENSIONS THE UTILISATION OF STEAM IN THE ENGINE STROKE OK PISTON
NUMBER OF REVOLUTIONS TURNING MOMENT BALANCING OF THE MOVING PAKTS ARRANGE-
MENT OF MAIN ENGINES DETAILS OF MAIN ENGINES THE CYLINDER VALVES VARIOUS
KINDS OF VALVE GEAR PISTON RODS PISTONS CONNECTING ROD AND CROS.->HEA'O VALVE
GEAR RODS BED PLATES ENGINE COLUMNS REVERSING AND TURNING GEAR. PART 11.

PUMPS: AIR, CIRCULATING FEED, AND AUXILIARY PUMPS. PART III.: SHAFTING, RE-
SISTANCE OF SHIPS, PROPELLERS: THRUST SHAFT AND THRUST BLOCK-TUNNEL
SHAFTS AND PLUMMER BLOCKS SHAFT COUPLINGS STERN TUBE THE SCREW PROPELLER
CONSTRUCTION OF THE SCREW. PART IV. PIPES AND CONNECTIONS: GENERAL
REMARKS, FLANGES, VALVES, ETC. UNDER-WATER FITTINGS MAIN STEAM, AUXILIARY STEAM,
AND EXHAUST PIPING FEED WATER, BILGE, BALLAST AND CIRCULATING PIPES. PART V.
STEAM BOILERS: FIRING AND THE GENERATION OF STEAM CYLINDRICAL BOILERS
LOCOMOTIVE BOILERS WATKR-TUBE BOILERS SMALL TUBE WATER-TUBE BOILERS SMOKE
Box FUNNEL AND BOILER LAGGING FORCED DRAUGHT BOILER FITTINGS AND MOUNTINGS.
PART VI. MEASURING INSTRUMENTS. PART VII. VARIOUS DETAILS: BOLTS.
NUTS, SCREW THREADS, ETC. PLATFORMS, GRATINGS, LADDERS FOUNDATIONS SEATINGS
LUBRICATION VENTILATION OF ENGINE ROOMS RULES FOR SPARE GEAR. PART VIII.
ADDITIONAL TABLES.

MARINE ENGINES AND STEAM VESSELS. By
R. MURRAY, C.E. Eighth Edition, thoroughly Revised, with Additions

by the Author and by GEORGE CARLISLE, C.E. Crown 8vo, cloth 45. 6d.

MARINE INDICATOR CARDS, containing an exhaustive course
of Indicator Diagrams specially arranged for Board of Trade First-Class

Candidates, and also intended for the use of Marine Engineers of all

Grades. By J. W. SOTHERN, M.I.E.S., Author of "The Marine Steam
Turbine," &c. 163 pages with 180 illustrations. Medium 8vo, cloth.

[Just Published. Net $s.

MARINE STEAM TURBINE, A Practical Description of the
Parsons Marine Turbine as presently constructed, fitted, and run,
intended for the use of Students, Marine Engineers, Superintendent
Engineers, Draughtsmen, Works' Managers, Foremen Engineers, and
others. By J. W. SOTHERN, M.I.E.S., Principal, Sothern's Marine

Engineering College, Glasgow. Illustrated by over 180 Diagrams, Photo-

graphs, and Detail Drawings. Third Edition, re-written up to date
and greatly enlarged. 354 pages. Medium 8vo, cloth ... 7V^ 125. 6d.

MARINE STEAM TURBINES. Forming the Supplementary
Volume to

" Marine Engines and Boilers." By DR. G. BAUER, Director
of the Vulcan Works, Stettin, and O. LASCHE, Director of the A.E.G.
Turbine Works, Berlin, assisted by E. LUDWIG and H. VOGEL.
Translated from the German and edited by M. G. S. SWALLOW. 214

pages, \\ith 103 Illustrations and 18 Tables. Medium 8vo, cloth.

[Just Published. Net los. 6d.
" The book is one of the best on the subject of Steam Turbine design." Practical Engineer." The work is solid from first page to last, and the book is one which every student ot turbine

theory and practice, and every manufacturer of Turbine machines should add to his library."
Mechanical Engineer.
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MASONRY DAMS FROM INCEPTION TO COM-
PLETION. Including numerous Formulas, Forms of Specification and

Tender, Pocket Diagram of Forces, etc. For the use of Civil and Mining
Engineers. By C. F. COURTNEY, M.Inst.C.E. 8vo, cloth ... 95,

MASTING, MAST^MAKING, AND RIGGING OF
SHIPS. Also Tables of Spars, Rigging, Blocks

; Chain, Wire, and

Hemp Ropes, etc., relative to every class of vessels. By R. KIPPING.
Crown 8vo, cloth 2S.

MATERIALS AND CONSTRUCTION. A Theoretical and
Practical Treatise on the Strains, Designing, and Erection of Works of
Construction. By F. CAMPIN. Crown 8vo, cloth ... ... 35.

MATERIALS, A TREATISE ON THE STRENGTH OR
By P. BARLOW, F.R.S.. P. W. BARLOW, F.R.S., and W. H. BARLOW,
F.R.S. Edited by WM. HUMBER, A.M.Inst.C.E. 8vo, cloth ... i8s.

MATHEMATICAL TABLES* For Trigonometrical, Astrono-

mical, and Nautical Calculations
; to which is prefixed a Treatise on

Logarithms, by H. LAW, C.E. With Tables for Navigation and Nautical

Astronomy. By Prof. J. R. YOUNG. Crown 8vo, cloth 45.
MEASURES: BRITISH AND AMERICAN CUSTOM-
ARY AND METRIC LEGAL MEASURES. For Commercial and
Technical Purposes, forming the Measure Section of Part I. of " The
Mechanical Engineer's Reference Book." By NELSON FOLEY, M.I.N.A.
Folio, cloth ... ... ... ... ... ... ... Net 75. 6d.

MECHANICAL ENGINEERING, Comprising Metallurgy,
Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical
Manipulation, Manufacture of the Steam Engine, etc. By FRANCIS
CAMPIN, C.E. Third Edition. Crown Svo. cloth 2s. 6d.

MECHANICAL ENGINEERING TERMS, LOCKWOOD'S
DICTIONARY. Embracing terms current in the Drawing Office,
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, etc.

Comprising upwards of 6,000 Definitions. Edited by J. G. HORNER,
A.M.I.M.E. Third Edition, Revised, with Additions. Crown Svo, cloth.

Net 75. 6d.

MECHANICAL ENGINEER'S COMPANION. Areas,
Circumferences, Decimal Equivalents, in inches and feet, millimetres,
squares, cubes, roots, etc.

; Strength of Bolts, Weight of Iron, etc.
;

Weights, Measures, and other Data. Also Practical Rules for Engine
Proportions. By R. EDWARDS, M.Inst.C.E. F'cap. Svo, cloth 35. 6d.

MECHANICAL ENGINEER'S POCKET-BOOK. Com-
prising Tables, Formulae, Rules, and Data : A Handy Book of Reference
for Daily use in Engineering Practice. By D. KINNEAR CLARK,
M.Inst.C.E., Sixth Edition, thoroughly Revised and Enlarged. By
H. H. P. POWLES, A.M.Inst.C.E., M.I.M.E. Small Svo, 700 pp., Leather.

Net 6s.
MATHEMATICAL TABLES MEASUREMENT OF SURFACES AND SOLIDS ENGLISH WEIGHTS

AND MEASURES FRENCH METRIC WEIGHTS AND MEASURES FOREIGN WEIGHTS AND MEASURES
MONEYS SPECIFIC GRAVITY, WEIGHT, AND VOLUME MANUFACTURED METALS STEEL PIPES
BOLTS AND NUTS SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD

TIN, ZINC STRENGTH OF MATERIALS STRENGTH OF TIMBER STRENGTH OK CAST IRON-
STRENGTH OF WROUGHT IRON STRENGTH OF STEEL TENSILE STRENGTH OF COPPER, LEAD,
ETC. RESISTANCE OF STONES AND OTHER BUILDING MATERIALS RIVETED JOINTS IN BOILER
PLATES BOILER SHELLS WIRE ROPES AND HEMP ROPES CHAINS AND CHAIN CABLES-
FRAMING HARDNESS OF METALS, ALLOYS, AND STONES LABOUR OF ANIMALS MECHANICAL
PRINCIPLES GRAVITY AND FALL OF BODIES ACCELERATING AND RETARDING FORCES MILL
GEARING, SHAFTING, ETC. TRANSMISSION OF MOTIVE POWER HEAT COMBUSTION : FUELS
WARMING, VENTILATION, COOKING STOVES STEAM STEAM ENGINES AND BOILERS RAILWAYS
-TRAMWAYS STEAM SHIPS PUMPING STEAM ENGINES AND PUMPS COAL GAS GAS ENGINES,ETC. AIR IN MOTION COMPRESSED AIR HoT-AiK ENGINES WATER POWER SPEED OF
CUTTING TOOLS COLOURS ELECTRICAL ENGINEERING.
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MECHANICAL HANDLING OF MATERIAL. A Treatise

on the Handling of Material such as Coal, Ore, Timber, etc., by
Automatic or Semi-Automatic Machinery, together with the Various
Accessories used in the Manipulation of such Plant, and Dealing fully
with the Handling, Storing, and Warehousing of Grain. By G. F.

ZIMMER, A.M.Inst.C.E. 528 pp. Royal 8vo, cloth, with 550 Illustrations

(including Folding Plates) specially prepared for the Work ... Net 255.

MECHANICS* Being a concise Exposition of the General Principles
of Mechanical Science and their Applications. By C. TOMLINSON,
F.R.S. Crown Svo, cloth is. 6d.

MECHANICS CONDENSED. A Selection of Formulse, Rules,
Tables, and Data for the Use of Engineering Students, etc. By
W. G. C. HUGHES, A.M.I.C.E. Crown 8vo. cloth 2s. 6d.

MECHANICS OF AIR MACHINERY* By Dr. j. WIESBACH
and Prof. G. HERRMANN. Authorised Translation with an Appendix on
American Practice by A. TROWBRIDGE, Ph.B., Adjunct Professor of
Mechanical Engineering, Columbia University. Royal Svo, cloth

Net 1 8s.

MECHANICS* WORKSHOP COMPANION* Comprising
a great variety of the most Useful Rules and Formulas in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results
for Facilitating Mechanical Operations. By WILLIAM TEMPLETON,
Author of

" The Engineer's Practical Assistant," etc., etc. Nineteenth
Edition, Revised, Modernised, and considerably Enlarged by W. S.

HUTTON, C.E., Author of "The Works' Manager's Handbook," etc.

F'cp. Svo, nearly 500 pp., with 8 Plates and upwards of 270 Diagrams,
leather Net 55.

MECHANISM AND MACHINE TOOLS* By T. BAKER,
C.E. With Remarks on Tools and Machinery by J. NASMYTH, C.E..
Crown Svo, cloth 2s. 6d.

MENSURATION AND MEASURING* With the Mensura-
tion and Levelling of Land for the Purposes of Modern Engineering.
By T. BAKER, C.E. New Edition by E. NUGENT, C.E. Crown Svo,
cloth is. 6d.

METAL - TURNING* A Practical Handbook for Engineers,
Technical Students, and Amateurs. By JOSEPH HORNER, A.M.I.Mech.E.,
Author of " Pattern Making," etc. Large Crown Svo, cloth, with 488
Illustrations ... ... ... ... ... ... ... Net ps.
SUMMARY OF CONTENTS: INTRODUCTION RELATIONS OF TURNERY AND MACHINE SHOP

SEC. I. THE LATHE, ITS WORK: AND TOOLS FORMS AND FUNCTIONS OF TOOLS REMARKS ON
TURNING IN GENERAL SEC. II. TURNING BETWEEN CENTRES CENTRING AND DRIVING USE OF
STEADIES -EXAMPLES OF TURNING INVOLVING LINING-OUT FOR CENTRES MANDREL WORK
SEC. III. WORK SUPPORTED AT ONE END FACE PLATE TURNING ANGLE PLATE TURNING
INDEPENDENT JAW CHUCKS CONCENTRIC, UNIVERSAL, TOGGLE, AND APPLIED CHUCKS SEC. IV.
INTERNAL WORK DRILLING, BORING, AND ALLIED OPERATIONS SEC. V. SCREW CUTTINGS AND
TURRET WORK SEC. VI. MISCELLANEOUS SPECIAL WORK MEASUREMENT, GRINDING TOOL
HOLDERS SPEED AND FEEDS, TOOL STKELS STEEL MAKERS' INSTRUCTIONS.

METRIC TABLES* In which the British Standard Measures and
Weights are compared with those of the Metric System at present in
Use on the Continent. By C. H. DOWLING, C.E. Svo, cloth ios. 6d.
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MILLING MACHINES: their Design, Construction, and Work-

ing. A Handbook for Practical Men and Engineering Students.

By JOSEPH HORNER, A.M.I. Mech.E., Author of "Pattern Making,"
etc. With 269 Illustrations. Medium 8vo, cloth ... Net 125. 6d.
LEADING ELEMENTS OF MILLING MACHINE DESIGN AND CONSTRUCTION PLAIN AND

UNIVERSAL MACHINES ATTACHMENTS AND BRACINGS VERTICAL SPINDLES MACHINES PLANO-
MILLERS OR SLABBING MACHINES SPECIAL MACHINES CUTTERS MILLING OPERATIONS
INDEXING, SPIRAL WORK, AND WORM, SPUR, AND BEVEL GEARS, ETC. SPUR AND BEVEL GEARS
FEEDS AND SPEEDS.

MOTOR CAR (THE MODERN), ITS MANAGEMENT,
MECHANISM AND MAINTENANCE. A Practical Handbook for

the Use of Owners and Drivers. By W. GALLOWAY DUNCAN, M.I.M.E.,
M.I.A.E., Lecturer on Automobile Engineering, \Villesden Polytechnic.
Late Principal of H.M. Government School of Engineering, Dacca,
India. Second Edition, Revised. 120 pages, with Illustrations. Crown
8vo, cloth... \JustPubttsked. Net is. 6d.

MOTOR CAR CATECHISM* Containing about 320 Questions
and Answers Explaining the Construction and Working of a Modern Motor
Car. For the Use of Owners, Drivers, and Students. By JOHN HENRY
KNIGHT. Third Edition, Revised and Enlarged, with an additional

chapter on Motor Cycles. Crown 8vo, with Illustrations.

[Just Published. Net is. 6d.

MOTOR CAR CONSTRUCTION. A Practical Manual for

Engineers, Students, and Motor Car Owners. WT
ith Notes on Wind

Resistance and Body Design. By ROBERT W. A. BREWER, Fellow of

the Society of Engineers (Gold Medallist and Bessemer Prizeman),
Assoc.M.Inst.C.E., M.I. Mech.E., M. 1.Automobile E., Author of

fc ' The
Art of Aviation." 250 pp. With numerous Illustrations. Demy 8vo,
cloth [Just Published. Net 55.
HISTORY OF THE INTERNAL COMBUSTION ENGINE MECHANICAL DETAILS OF CONSTRUCTION

CONNECTING RODS, CRANKS AND VALVES VALVE ACTUATING MECHANISM STRATIFICATION
THERMAL EFFICIENCY CAUSE AND EXTENT OF HEAT LOSSES TESTING OF GAS ENGINES
AND CALCULATIONS OF RESULTS IGNITION MECHANISM POWER AND WEIGHT OF PETROL
ENGINES FRICTION AND LUBRICATION OF ENGINES TWO-CYCLE AND FOUR-CYCLE ENGINES
CONTRASTED CLUTCHES AND CHANGE SPEED GEARS TRANSMISSION GEAR LlVE AXLES, BEVEL,
AND WORM DRIVE THE DIFFERENTIAL GEAR 1 '.RAKES A REVIEW OF MODERN PRACTICE
FRAMES SUSPENSION FRONT AXLES AND STEERING GEARS RADIATION CARHURATION-^LIQUID
FUEL CARBURETTERS AND THE FLOW OF FUEL WIND RESISTANCE AND BODY DESIGN.

MOTOR CARS FOR COMMON ROADS. By A. J. WALLIS-
TAYLER, A.M.Inst.C.E. 212 pp., with 76 Illustrations. Crown 8vo,
cloth 45. 6d

MOTOR VEHICLES FOR BUSINESS PURPOSES* A
Practical Handbook for those interested in the Transport of Passengers
and Goods. By A. J. WALLIS-TAYLER, A.M.Inst.C.E. With 134 Illus-

trations. Demy 8vo, cloth Net 95.

NAVAL ARCHITECT'S AND SHIPBUILDER'S
POCKET-BOOK. Of Formulae, Rules, and Tables, and Marine

Engineer's and Surveyor's Handy Book of Reference. By CLEMENT
MACKROW, M.I.N.A. Tenth Edition. Fcap., leather Net 125. 6d.
SIGNS AND SYMBOLS, DECIMAL FRACTIONS TRIGONOMETRY PRACTICAL GEOMETRY

MENSURATION CENTRES AND MOMENTS OF FIGURES MOMENTS OF INERTIA AND RADII
GYRATION ALGEBRAICAL EXPRESSIONS FOR SIMPSON'S RULES MECHANICAL PRINCIPLES-
CENTRE OF GRAVITY LAWS OF MOTION DISPLACEMENT, CENTRE OF BUOYANCY CENTRE
OF GRAVITY OF SHIP'S HULL STABILITY CURVES AND METACENTRES SEA AND SHALLOW-
WATER WAVES ROLLING OF SHIPS PROPULSION AND RESISTANCE OF VESSELS SPEED TRIALS
SAILING, CENTRE OF EFFORT DISTANCES DOWN RIVERS, COAST LINES STEERING AND RUDDERS
OK VESSELS LAUNCHING CALCULATIONS AND VELOCITIES WEIGHT OF MATERIAL AND GEAR
GUN PARTICULARS AND WEIGHT STANDARD GAUGES RIVETED JOINTS AND RIVETING-

STRENGTH AND TESTS OF MATERIALS BINDING AND SHEARING STRESSES STRENGTH OK
SHAFTING, PILLARS, WHEELS, ETC., ETC.
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NAVAL ARCHITECTURE* An Exposition of the Elementary
Principles. By J. PEAKE. Crown Svo, cloth 38. 6d.

NAVIGATION AND NAUTICAL ASTRONOMY. In

Theory and Practice. By Prof. J. R. YOUNG. Crown Svo, cloth 25. 6d.

NAVIGATION, PRACTICAL. Consisting of the Sailor's Sea

Book, by J. GREENWOOD and W. H. ROSSER
; together with Mathe-

matical and Nautical Tables for the Working of the Prbblems, by
H. LAW, C.E., and Prof. J. R. YOUNG 75.

PATTERN MAKING. Embracing the Main Types of

Engineering Construction, and including Gearing, Engine Work,
Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts,

Pumps and Cocks, the Moulding of Patterns in Loam and Greensand,
Weight of Castings, etc. By J. G. HORNER, A.M.I. M.E. Fourth Edition,
thoroughly Revised and much Enlarged. 420 pp. with about 500 Illus-

trations. Large Crown Svo, cloth ... \Just Published. J\et 75. 6d.

PATTERN MAKING. A Practical Work on the Art of Making
Patterns for Engineering and Foundry Work, including (among other

matter) Materials and Tools, Wood Patterns, Metal Patterns, Pattern

Shop Mathematics, Cost, Care, etc., of Patterns. By F. W. BARROWS.
Fully Illustrated by Engravings made from Special Drawings by the
Author. Crown Svo, cloth Net 6s.

PETROL AIR GAS. A Practical Handbook on the Installation

and Working of Air Gas Lighting Systems for Country Houses. By
HENRY O'CONNOR, F.K.S.E., A.M.Inst.C.E., &CM author of " The Gas
Engineer's Pocket Book." So pages with Illustrations. Crown Svo,
cloth. Net is. 6d.

PETROLEUM MINING AND OIL-FIELD DEVELOP-
MENT. A Guide to the Exploration of Petroleum Lands, and a

Study of the Engineering Problems connected with the Winning of
Petroleum. Including Statistical Data of important Oil Fields. Notes
on the Origin and Distribution of Petroleum, and a description of the
Methods of Utilising Oil and Gas Fuel. By A. BEEBY THOMPSON,
A.M.I.Mech.E., F.G.S., Author of "The Oil Fields of Russia." 384
pages, 114 illustrations, including 22 full-page plates. Demy Svo, cloth.

Net 155.
PIONEER ENGINEERING* A Treatise on the Engineering

Operations connected with the Settlement of Waste Lands in New
Countries. By E. DOBSON, M.Inst.C.E. Second Edition. Crown Svo,
cloth ... ... 45. 6d.

PNEUMATICS, Including Acoustics and the Phenomena of Wind
Currents, for the Use of Beginners. By CHARLES TOMLINSON, F.R.S.
Crown Svo, cloth is. 6d.

PORTLAND CEMENT, THE MODERN MANUFAC
TLJRE OF. A Handbook for Manufacturers, Users, and all interested
in Portland Cement. By PERCV C. H. WEST, Fellow of the Chemical
Society and of the Society of Chemical Industry. Vol. I. "Machinery
and Kilns." 280 pages, with 159 Illustrations and numerous tables.

Royal Svo, cloth Net ias. 6d.

PRODUCER GAS PRACTICE (AMERICAN) AND
INDUSTRIAL GAS ENGINEERING. By NISBET LATTA, M.Amer.
Soc.M.E., M.Amer. Gas Inst. 558 pp., with 247 Illustrations. Demy
4to, cloth Net 255.
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PRODUCER GAS PRACTICE. continued.
PRODUCER OPERATION CLEANING THE GAS WORKS DETAILS PRODUCER TYPES MOVING

GASES SOLID FUELS PHYSICAL PROPERTIES OF GASES CHEMICAL PROPERTIES OF GASES GAS
ANALYSIS GAS POWER GAS ENGINES INDUSTRIAL GAS APPLICATIONS FURNACES AND KILNS
BURNING LIME AND CEMENT PRE-HEATING AIR DOHERTY COMBUSTION ECONOMIZER COM-
BUSTION IN FURNACES HEAT TEMPERATURE, RADIATION, AND CONDUCTION HEAT MEASURE-
MENTS : PYROMETKY AND CALORIMETRY PIPES, FLUES, AND CHIMNEYS MATERIALS: FIRECLAY,
MASONRY, WEIGHTS. AND ROPE USEFUL TABLES OIL FUEL PRODUCER GAS.

PRODUCER GAS. See also GAS ENGINESAND PRODUCER GAS PLANTS.

PUMPS AND PUMPING. A Handbook for Pump Users. Being
Notes on Selection, Construction, and Management. By M. Powis
BALE, M.InstC.E., M.I.Mech.E. Fifth Edition. Crown 8vo, cloth, 35. 6d.

PUNCHES, DIES, AND TOOLS FOR MANUFACTUR-
ING IN PRESSES. By JOSEPH V. WOODWORTH. Medium 8vo, cloth,

482 pages with 700 Illustrations Net i6So

RECLAMATION OF LAND FROM TIDAL WATERS.
A Handbook for Engineers, Landed Proprietors, and others interested

in Works of Reclamation. By A. BEAZELEY, M.Inst.C.E. Svo, cloth

Net i os. 6d.

RECOIL OF GUNS WITH RECOIL CYLINDERS, THE
THEORY OF. By Professor F. RAUSENBERGER. Specially printed
from "

Artilleristische Monatshefte." Translated by ALFRED SLATER.
loo pages, with 3 plates. Demy Svo, cloth ... ... Net ios. 6d.

REFRIGERATION AND ICE-MAKING POCKET-BOOK.
By A. J. WALLIS-TAYLER, A.M.lnst.C.E., Author of ''

Refrigerating and

Ice-making Machinery," etc. Fifth Edition, Revised. Cr. Svo, cloth.

Net 35. 6d.

REFRIGERATION, COLD STORAGE, AND ICE-
MAKING. A Practical Treatise on the Art and Science of Refrigera-
tion. By A. J. WALLIS-TAYLER, A.M.lnst.C.E. Containing the 'Ihird

Edition of
"
Refrigerating and Ice-Making Machinery." Third Edition,

Thoroughly revised. 654 pp., 414 Illus. Medium Svo, cloth.

[Just Published. Net ios. 6d.

REINFORCED CONCRETE. A Handbook for Architects,

Engineers and Contractors. By F. D. WARREN, Massachusetts
Institute of Technology, with Illustrations, 271 pages. Crown Svo c;oth.

Net ios. 6d.

REINFORCED CONCRETE DESIGN. A Graphical Hand-
book by JOHN HAWKESWORTH, C.E., consisting of a series of Plates

showing graphically, by means of plotted curves, the required design for

Slabs, Beams and Columns, under various conditions of external loading,
together with practical examples explaining the method of using each
Plate. With an Appendix containing the requirements of the Building
Code of New York City in regard to Reinforced Concrete. 64 pages.
15 Full-page Plates. 4to, cloth Net 125.

REINFORCED CONCRETE DESIGN SIMPLIFIED.
Diagrams, Tables, and other Data for Designing and Checking accurately
and speedily. By JOHN C. GAMMON, B.Sc. Eng. (London) ; Assoc.

City Guilds Institute
;
Member of the Concrete Institute

;
Assistant

Engineer, Public Works Department, India. With an Introduction by
H. KEMPTON DYSON, Secretary of The Concrete Institute

; Lecturer on
Reinforced Concrete, London County Council School of Building.
Demy 410, cloth. 122 pages. With Thumb Index. Jitst Published.

Net ios. 6d.
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REINFORCED CONCRETE DIAGRAMS. For the Calcu-

lation of Beams, Slabs, and Columns in Reinforced Concrete. By
G. S. COLEMAN, A.M.Inst.C.E. Royal 4to, cloth ... Net 35. 6d.

RIVER BARS. The Causes of their Formation, and their Treat-

ment by
" Induced Tidal Scour"

;
with a Description of the Successful

Reduction by this Method of the Bar at Dublin. By I. J. MANN, Assist.

Eng. to the Dublin Port and Docks Board. Royal 8vo, cloth 75. 6d.

ROADS AND STREETS. By H. LAW, C.E, and D. K. CLARK,
C.E. Revised, with Additional Chapters by A. J. WALLIS-TAYLER,
A.M.Inst.C.E. Seventh Edition. Crown 8vo, cloth 6s.

ROOFS OF WOOD AND IRON. Deduced chiefly from the
Works of Robison, Tredgold, and Humber. By E. W. TARN, M.A.,
Architect. Fifth Edition. Crown Svo, cloth is. 6d.

SAFE RAILWAY WORKING. A Treatise on Railway Acci-

dents, their Cause and Prevention ;
with a Description of Modern Appli-

ances and Systems. By CLEMENT E. STRETTON, C.E. Third Edition,
Enlarged. Crown Svo, cloth ... ... ... ... ... 35. 6d.

SAFE USE OF STEAM. Containing Rules for Unprofessional
Steam Users. By an ENGINEER. Eighth Edition. Sewed ... 6d.

SAILMAKING. By SAMUEL B. SADLER, Practical Sailmaker, late

in the employment of Messrs. Ratsey and Lapthorne, of Cowes and
Gosport. Second Edition, Revised. 4to, cloth ... Net I2S. 6d.

SAILOR'S SEA BOOK. A Rudimentary Treatise on Navigation.
By JAMES GREENWOOD, B.A. With numerous Woodcuts and Coloured
Plates. New and Enlarged Edition. By VV. H. ROSSER. Crown Svo,
cloth 2S . 6d.

SAILS AND SAILMAKING* With Draughting, and the Centre of
Effort of the Sails. Weights and Sizes of Ropes ; Masting, Rigging and
Sails of Steam Vessels, etc. By R. KIPPING, N.A. Crown Svo, cloth

as. 6d.

SCREW-THREADS, and Methods of Producing Them. With
numerous Tables and complete Directions for using Screw-Cutting
Lathes. By PAUL N. HASLUCK, Author of "

Lathe-Work," etc. Sixth
Edition. Waistcoat-pocket size ... ... ... ... is. 6d.

SEA TERMS, PHRASES, AND WORDS (Technical Dic-

tionary. French-English, English-French), used in the English and
French Languages. For the Use of Seamen, Engineers, Pilots, Ship-
builders, Shipowners, and Shipbrokers. Compiled by W. PIRRIE, late of
the African Steamship Company. F'cap. Svo, cloth 55.

SEWERAGE OF SEA COAST TOWNS. By HENRY C.

ADAMS, A.M.Inst.C.E., M.I.Mech.E., A.M.I.E.E., M.R.San.Inst, &c.

132 pages with Illustrations. Crown Svo, cloth.

{.Just Published. Net 5&.

SEWERAGE SYSTEMS. Their Design and Construction. A
Practical Treatise upon the Principles of the Design, Construction, and
Maintenance of Town Sewage Systems, with Examples of Existing
Works. By HUGH S. WATSON, A.M.Inst.C.E. With Legal Notes by
ELIDYR B. HERBERT, Barrister- at-Law. 330 pages. Illustrated by 150
Diagrams and Working Drawings Royal Svo, cloth. Net IDS. 6d.
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SHIPBUILDING INDUSTRY OF GERMANY. Compiled
and Edited by G. L.EHMANN-FELSKOWSKI, With Coloured Prints, Art

Supplements, and numerous Illustrations throughout the text. Super-

royal 4to, cloth j\'et IDS. 6d.

SHIPS AND BOATS. By W. BLAND. With numerous Illus-

trations and Models. Tenth Edition. Crown 8vo, cloth ... is. 6d.

SHIPS FOR OCEAN AND RIVER SERVICE. Principles
of the Construction of. By H. A. SOMMERFELDT. Crown 8vo. is. 6d.
ATLAS OF ENGRAVINGS. To illustrate the above. Twelve large

folding Plates. Royal 410, cloth 75. 6d.

SMITHY AND FORGE. Including the Farrier's Art and Coach
Smithing. By W. J. E. CRANE. Crown 8vo, cloth 2s. 6d.

STATIONARY ENGINE DRIVING. A Practical Manual
for Engineers in Charge of Stationary Engines. By MICHAEL
REYHOLDS, M.S.E. Eighth Edition. Crown 8vo, cloth 35. 6d. ;

cloth boards > ... 45. 6d.

STATIONARY ENGINES. A Practical Handbook of their

Care and Management for Men-in-Charge. By C. HURST. Crown Svo
Net is.

STEAM: THE APPLICATION OF HIGHLY SUPER-
HEATED STEAM TO LOCOMOTIVES. Being a reprint from a
Series of Articles appearing in "The Engineer." By ROBERT GARBE,
Privy Councillor, Prussian State Railways. Translated from the German.
Edited by LESLIE S. ROBERTSON, Secretary of the Engineering Standards
Committee, M.Inst.C.E., M.I.Mech.E., M.Inst.N.A., etc. Medium Svo,
cloth 75. 6d.

STEAM AND THE STEAM ENGINE. Stationary and
Portable. Being an Extension of the Treatise on the Steam Engine of

Mr. J. SEWELL. By D. K. CLARK, C.E. Fourth Edition. Crown 8vo,
cloth 35. 6d.

STEAM AND MACHINERY MANAGEMENT. A Guide
to the Arrangement and Economical Management of Machinery, with
Hints on Construction and Selection. By M. Powis BALE, M.Inst.M.E.
Crown Svo, cloth 2s. 6d.

STEAM ENGINE. A Practical Handbook compiled with especial
Reference to Small and Medium-sized Engines. For the Use of Engine
Makers, Mechanical Draughtsmen, Engineering Students, and users of

Steam Power. By HERMAN HAEDER, C.E. Translated from the German,
with additions and alterations, by H. H.P. PowLES, A.M.I.C.E., M.I.M.E.
Third Edition, Revised. With nearly 1,100 Illustrations. Crown Svo,
cloth Aetjs. 6d.

" This is an excellent book, and should be in the hands of all who are interested in the construction
and design of medium-sized stationary engines. ... A careful study of its contents and the arrange-
ment of the sections leads to the conclusion that there is probably no other book like it in this country.
The volume aims at showing the results of practical experience, and it certainly may claim a complete
achievement of this idea." Nature.

STEAM ENGINE. A Treatise on the Mathemat :

cal Theory of,

with Rules and Examples for Practical Men. By T. BAKER, C.E.
Crown Svo, cloth is. tfd.

STEAM ENGINE. For the Use of Beginners. By Ur. LARDNER.
Crown Svo, cloth is. <$d.
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STEAM ENGINE* A Text-Book on the Steam Engine, with a

Supplement on Gas Engines and Part II. on Heat Engines. By T. M.
GOODEVE, M.A., Barrister-at-La\v, Professor of Mechanics at the Royal
College of Science, London ; Author of "The Principles of Mechanics."
" The Elements of Mechanism," etc. Fourteenth Edition. Crown 8vo,
cloth 6s.

STEAM ENGINE (PORTABLE) : ITS CONSTRUE
TION AND MANAGEMENT. A Practical Manual for Owners and
Users of Steam Engines generally. By W. D. WANSBROUGH. 180

pages, with 118 Illustrations. Demy 8vo, cloth.

\_Just Published. Net 4&. 6d.
THE EVOLUTION OF THE PORTABLE STEAM ENGINE THE PORTABLE STEAM ENGINE OF

TO-DAY SOME STANDARD TYPES OF SINGLE-CYLINDER ENGINES THE COMPOUND PORTABLE
ENGINE SOME SPECIAL TYPES OF PORTABLE ENGINE PRACTICAL HINTS ON USE AND MANAGE-
MENTTHE SLIDE-VALVE AND ITS ACTION THE INDICATOR DIAGRAM INDEX.

STEAM ENGINEERING IN THEORY AND PRACTICE.
By GARDNER D. Hiscox, M.E. With Chapters on Electrical Engineer-
ing. By NEWTON HARRISON, E.E., Author of "

Electric Wiring, Dia-

grams, and Switchboards." 450 pages. Over 400 Detailed Engravings
Net I2s. 6d.

HISTORICAL STEAM AND ITS PROPERTIES APPLIANCES FOR THE GENERATION OF STEAM
TYPES OF BOILERS CHIMNEY AND ITS WORK HEAT ECONOMY OK THE FEED WATER

STEAM PUMPS AND THEIR WORK INCRUSTATION AND ITS WORK STEAM ABOVE ATMOSPHERIC
PRESSURE FLOW OF STEAM FROM NOZZL'ES SUPERHEATED STEAM AND ITS WORK ADIABATIC
EXPANSION OF STEAM INDICATOR AND ITS WORK STEAM ENGINE PROPORTIONS SLIDE
VALVE ENGINES AND VALVE MOTION CORLISS ENGINE AND ITS VALVE GEAR COMPOUND
ENGINE AND ITS THEORY TRIPLE AND MULTIPLE EXPANSION ENGINE STEAM TURBINE
REFRIGERATION ELEVATORS AND THEIR MANAGEMENT COST OF POWER STEAM ENGINE
TROUBLES ELECTRIC POWER AND ELECTRIC PLANTS.

STEAM TURBINE. See MARINE STEAM TURBINE.

STONE BLASTING AND QUARRYING. For Building
and other Purposes. With Remarks on the Blowing up of Bridges.
By Gen. Sir J. BURGOYNE, K.C.B. Crown 8vo, cloth is. 6d.

STONE-WORKING MACHINERY. A Manual dealing with
the Rapid and Economical Conversion of Stone. With Hints on the

Arrangement and Management of Stone Works. By M. Powis BALE,
M.Inst.C.E. Crown 8vo, cloth -, 95.

STRAINS, HANDY BOOK FOR THE CALCULATION
OF. In Girders and Similar Structures and their Strength. Consisting
of Formulas and Corresponding Diagrams, with numerous details for

Practical Application, etc. By WILLIAM HUMBER, A. M.Inst.C.E., etc.

Sixth Edition. Crown 8vo, with nearly 100 Woodcuts and 3 Plates,
cloth ... ... ... ... ... ... ... ... 75. 6d.

STRAINS ON STRUCTURES OF IRONWORK. With
Practical Remarks on Iron Construction. By F. W. SHEILDS,
M.Inst.C.E. 8vo, cloth 55.

SUBMARINE TELEGRAPHS. Their History, Construction,
and Working, together with an appendix on "Wireless Telegraphy."
Compiled from Authoritative and Exclusive Sources. By CHARLES
BRIGHT, F.R.S.E., M.Inst.C.E., M.I.Mech.E., M.I.E.E. Super royal
8vo, nearly 800 pages, fully Illustrated, including a large number of Maps
and Folding Plates, strongly bound in cloth Net 3 35.

SUPERHEATED STEAM, THE APPLICATION OF, TO
LOCOMOTIVES. See STEAM.
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS
AND SURVEYORS. Including the Setting-out ofWorks for Construc-
tion and Surveys Abroad, with many Examples taken from Actual

Practice. A Handbook for Use in the Field and the Office, intended also

as a Text-book for Students. By JOHN WHITELAW, Jun., A.M.Inst.C.E. r

Author of " Points and Crossings." With about 260 Illustrations. Second
Edition. Demy 8vo, cloth Net ios. 6(K

SURVEYING WITH THE CHAIN ONLY SURVEYING WITH THE AID OF ANGULAR INSTRUMENTS
LEVELLING ADJUSTMENT OF INSTRUMENTS RAILWAY (INCLUDING ROAD) SURVEYS AND SETTING-
OUT TACHEOMETRY OR STADIA SURVEYING TUNNEL ALIGNMENT AND SETTING OUT SURVEYS
FOR WATER SUPPLY WORKS HYDROGRAPHICAL OR MARINE SURVEYING ASTRONOMICAL OBSERVA-
TIONS USED IN SURVEYING EXPLANATION OF ASTRONOMICAL TERMS SURVEYS ABROAD IN

JUNGLE, DENSE FOREST, AND UNMAPPED OPEN COUNTRY TRIGONOMETRICAL OR GEODETIC
SURVEYS.

SURVEYING SHEETS FOR PROFESSIONAL AND
EDUCATIONAL USE. A series of 26 Blank Ruled Forms for use in

the Field, of which 20 are ruled under the following headings : Chaining ;

Traverse
;

Prismatic Compass ;
Tacheometer ; Setting-out Curve ;

Levelling. By a Professional Instructor. Oblong royal 8vo, paper wrapper
with stiff back... Net is. 6<k

SURVEYING, LAND AND ENGINEERING. For Students
and Practical Use. By T. BAKER, C.E. Twentieth Edition, by F. E.

DIXON, AM.Inst.C.E. With Plates and Diagrams. Crown Svo, cloth

SURVEYING, LAND AND MARINE. In Reference to tTe

Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns*
Water Supplies ; Docks and Harbours. With Description and Use of

Surveying Instruments. By W. DAVIS HASKOLL, C.E. Second Edition,
Revised, with Additions. Large Crown Svo, cloth ... ... 95.

SURVEYING, PRACTICAL* A Text-book for Students Pre-

paring for Examinations or for Survey Work in the Colonies. By
GEORGE W. USILL, A.M.Inst.C.E. Tenth Edition, thoroughly Revised
and Enlarged by ALEX. BEAZELEY, M.lnst.C.E. With 4 Lithographic
Plates and 360 Illustrations. Large crown Svo, 75. 6d. cloth

; or, on
thin paper, leather, gilt edges, rounded corners, for pocket use. I2S. 6d.
ORDINARY SURVEYING SURVEYING INSTRUMENTS TRIGONOMETRY REQUIRED IN SURVEYING

CHAIN-SURVEYINGTHEODOLITE SURVEYING TRAVERSING TOWN-SURVEYING LEVELLING
CONTOURING SETTING OUT CURVES OFFICE WORK LAND QUANTITIES COLONIAL LICENSING
REGULATIONS HYPSOMETER TABLES INTRODUCTION TO TABLES OF NATURAL SINES, ETC.
NATURAL SINES AND Co-SiNEs NATURAL TANGENTS AND CO-TANGENTS NATURAL SECANTS
AND CO-SECANTS.

SURVEYING, TRIGONOMETRICAL. An Outline of the

Method of Conducting a Trigonometrical Survey. For the Formation of

Geographical and Topographical Maps and Plans, Military Recon-

naissance, Levelling, etc., with Useful Problems, Formulae and Tables.

By Lieut.-General FROME, R.E. Fourth Edition, Revised and partly
Re-written by Major-General Sir CHARLES WARREN, G.C.M.G., R.E.
With 19 Plates and 115 Woodcuts. Royal Svo, cloth i6s.

SURVEYING WITH THE TACHEOMETER. A Practical

Manual for the Use of Civil and Military Engineers and Surveyors,
including two series of Tables specially computed for the Reduction of

Readings in Sexagesimal and in Centesimal Degrees. By NEIL
KENNEDY, M.lnst.C.E. 112 pp. With Diagrams and Plates. Third

Edition, Revised. Demy Svo, cloth [Just Published. Net ios. 6d.
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SURVEY PRACTICE. For Reference in Surveying, Levelling,
and Setting-out ;

and in Route Surveys of Travellers by Land and Sea.

With Tables, Illustrations, and Records. By L. D'A. JACKSON,
A.M.InstC.E. Third Edition. Svo, cloth ... ... 125. 6d.

SURVEYOR'S FIELD BOOK FOR ENGINEERS AND
MINING SURVEYORS. Consisting of a Series of Tables, with Rules,

Explanations of Systems, and Use of Theodolite for Traverse Surveying
and Plotting the work with minute accuracy by means of Straight Edge
and Set Square only ; Levelling with the Theodolite, Setting-out Curves
with and without the Theodolite, Earthwork Tables, etc. By W. DAVIS
HASKOLL, C.E. With numerous Woodcuts. Fifth Edition, Enlarged.
Crown Svo, cloth I2S.

TECHNICAL TERMS, ENGLISH-FRENCH, FRENCH^
ENGLISH: A Pocket Glossary; with Tables suitable for the Archi-

tectural, Engineering, Manufacturing, and Nautical Professions. By
JOHN JAMES FLETCHER. Fourth Edition, 200 pp. Waistcoat-pocket
size, limp leather ... ... ... ... ... ... ... is. 6d.

TECHNICAL TERMS, ENGLISH-GERMAN, GERMAN-
ENGLISH: A Pocket Glossary suitable for the Engineering, Manu-
facturing, and Mining Industries. Compiled by J. G. HORNER,
A.M.I.Mech.E., Translated and Revised by ALFRED SCHLOMANN, Editor
of "Illustrated Technical Dictionaries in Six Languages." Waistcoat-

pocket size ... ... ... ... ... ... ... [In preparation.
TECHNICAL TERMS, ENGLISH-SPANISH, SPANISH-

ENGLISH: A Pocket Glossary suitable for the Engineering, Manufactur-

ing, and Mining Industries. By R. D. MONTEVERDE, B.A. (Madrid).
316 pp. Waistcoat-pocket size, limp leather Net zs. 6d.

TELEPHONES: THEIR CONSTRUCTION, INSTAL-
LATION. WIRING, OPERATION AND MAINTENANCE. A
Practical Reference Book and Guide for Electricians, Wiremen, Engi-
neers, Contractors, Architects, and others interested in Standard Tele-

phone Practice. By W. H. RADCLIFFE and H. C. GUSHING, JR.
1 80 pages. With 125 Illustrations. Fcap. Svo, cloth. Net 4s. 6d.

TELEPHONES: FIELD TELEPHONES FOR ARMY
USE : INCLUDING AN ELEMENTARY COURSE IN ELECTRI-
CITY AND MAGNETISM. By Lieut. E. J. STEVENS, R.A.,
A.M.I.E.E., Instructor, School of Signalling, Aldershot, Late Instructor
in Electricity, Ordnance College, Woolwich. Second Edition, Revised
and Enlarged. Crown Svo, cloth, 138 pp. With Illustrations

[Just Published. Net 25. 6d.
BATTERIES ELECTRICAL CIRCUITS MAGNETISM INDUCTION MICROPHONES AND RE-

CEIVERS PORTABLE AND FIELD TELEPHONE SETS SELF-INDUCTION, INDUCTIVE CAPACITY
STEVENS-LYON SIGNAL LAMP, ETC.

TELEPHONY: A COMPREHENSIVE AND DETAILED
EXPOSITION OF THE THEORY AND PRACTICE OF THE
TELEPHONE ART. By. SAMUEL G. McMEEN, Memb. Am. Inst.

Electrical Engineers, and KEMPSTER B. MILLER, Memb. Am. Inst.

Electrical Engineers. 950 pp., with 670 Illustrations. Royal Svo. cloth.

{Just Published. Net 175.
*** Graphic in its treatment, this work is easy to understand and will add to the knowledge of

the experienced telephone operator. It covers the Installation, maintenance and operation of all

types of telephone systems.

TELEPHONY* See also WIRELESS TELEPHONY and WIRELESS
TELEGRAPHY.
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THREE PHASE TRANSMISSION. See ELECTRICAL TRANS-
MISSION OF ENERGY.

TOOLS FOR ENGINEERS AND WOODWORKERS.
Including Modern Instruments of Measurement. By JOSEPH HORNER,
A.M.Inst.M.E., Author of "Pattern Making," etc. Demy 8vo, with

456 Illustrations Net ps.

TOOTHED GEARING. A Practical Handbook for Offices and

Workshops. By J. HORNER, A.M.I.M.E. Second Edition, with a New
Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, cloth

TRAMWAYS: THEIR CONSTRUCTION AND WORK-
ING. Embracing a Comprehensive History of the System ;

with an
exhaustive Analysis of the Various Modes of Traction, including Horse

Power, Steam, Cable Traction, Electric Traction, c. ; a Description of

the Varieties of Rolling Stock
;
and ample Details of Cost and Working

Expenses, New Edition, thoroughly revised, and Including the Progress

recently made in Tramway Construction, etc. By D. KINNEAR CLARK,
M.Inst.C.E. With 400 Illustrations. 8vo, 780 pp. buckram ... 285.

TRUSSES OF WOOD AND IRON. Practical Applications
of Science in Determining the Stresses, Breaking Weights, Safe Loads,
Scantlings, and Details of Construction. With Complete Working
Drawings. By W. GRIFFITHS, R.I.B.A. Oblong 8vo, cloth 45. 6d.

TUNNELLING. A Practical Treatise. By CHARLES PRELINI, C.E.
With additions by CHARLES S. HILL, C.E. With 150 Diagrams and
Illustrations. Royal 8vo, cloth Net i6s.

TUNNELLING, PRACTICAL. Explaining in detail Setting-out
the Works, Shaft- sinking, and Heading-driving, Ranging the Lines and
Levelling underground, Sub-Excavating, Timbering and the Construction
of the Brickwork of Tunnels. By F. W. SIMMS, M.Inst.C.E. Fourth
Edition, Revised and Further Extended, including the most recent (1895)
Examples of Sub-aqueous and other Tunnels, by D. KINNEAR CLARK,
M.Inst.C.E. With 34 Folding Plates. Imperial 8vo, cloth ... 2 2s.

TUNNEL SHAFTS. A Practical and Theoretical Essay on the
Construction of large Tunnel Shafts. By J. H. WATSON BUCK,
M.Inst.C.E., Resident Engineer, L. and N. W. R. With Folding Plates,
8vo, cloth I2S.

WAGES TABLES. At 54, 52, 50 and 48 Hours per Week. Show-
ing the Amounts of Wages from One quarter of an hour to Sixty-four
hours, in each case at Rates of Wages advancing by One Shilling from
4s. to $$s. per week. By THOS. GARBUTT, Accountant. Square Crown
8vo, half-bound

'

6s.

WATER ENGINEERING. A Practical Treatise on the Measure-
ment, Storage, Conveyance, and Utilisation of Water for the Supply of

Towns, for Mill Power, and for other Purposes. By CHARLES SLAGG,
A. M.Inst.C.E. Second Edition. Crown Svo, cloth 75. 6d.

WATER, FLOW OF. A New Theory of the Motion of Water
under Pressure and in Open Conduits and its practical Application. By
LOUIS SCHMEFR, Civil and Irrigation Engineer. 234 pages, with Illus-

trations. Medium Svo, cloth Net 125. 6d.
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WATER, POWER OF, As Applied to Drive Flour Mills and to

give Motion to Turbines and other Hydrostatic Engines. By JOSEPH
GLYNN, F.R.S., etc. New Edition. Illustrated. Crown 8vo, cloth 25.

WATER SUPPLY OF CITIES AND TOWNS. By
WILLIAM HUMBER, A.M.InstCE. and M.Inst.M.E., Author of " Cast
and Wrought Iron Bridge Construction," etc., etc. Illustrated with 50
Double Plates, i Single Plate, Coloured Frontispiece, and upwards of

250 Woodcuts, and containing 400 pp. of Text. Imperial 4to, elegantly
and substantially half-bound in morocco ... ... ... Net 6 6s.

LIST OF CONTENTS: I. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE
BEEN ADOPTED FOR THE SUPPLY OF WATER TO ClTIES AND TOWNS II. WATER AND THE
FOREIGN MATTER USUALLY ASSOCIATED WITH IT. 111. RAINFALL AND EVAPORATION. IV.
SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS. V. MEASUREMENT
AND ESTIMATION OF THE FLOW OF WATER. VI. ON THE SELECTION OF THE SOURCE OF
SUPPLY. VII. WELLS. VIII. RESERVOIRS. IX. THE PURIFICATION OF WATER. X. PUMPS.
XI. PUMPING MACHINERY. XII. CONDUITS. XIII. DISTRIBUTION OF WATER. XIV. METERS,
SERVICE PIPES, AND HOUSE FITTINGS. XV. THE LAW AND ECONOMY OF WATER WORKS.
XVI. CONSTANT AND INTERMITTENT SUPPLY. XVII. DESCRIPTION OF PLATES APPENDICES,
GIVING TABLES OF RATES OF SUPPLY, VELOCITIES, ETC., ETC., TOGETHER WITH SPECIFICATIONS
OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH WILL BE FOUND : ABERDEEN, BTDEFORD,
CANTERBURY, DUNDEE, HALIFAX, LAMBETH, ROTHERHAM, DUBLIN, AND OTHERS.

" The most systematic and valuable work upon water supply hitherto produced in English, or in

any other language. Mr. Humber's work is characterised almost throughout by an exhaustiveness-
much more distinctive of French and German than of English technical treatises." Engineer.

WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATERWORKS. A Practical Treatise for the
Use of Engineers and Students of Engineering. By W. K. BURTON,
A.M.InstCE., Consulting Engineer to the Tokyo Waterworks. Third

Edition, Revised. Edited by ALLAN GREENWELL, F.G.S., A.M.Inst.C.E.,
with numerous Plates and Illustrations. Super-royal 8vo, buckram. 255.
I. INTRODUCTORY. II. DIFFERENT QUALITIES OF WATER. III, QUANTITY OF WATER TO BE

PROVIDED. IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OK SUPPLY is SUFFICIENT. V.
ON ESTIMATING THE STORAGE CAPACITY REQUIRED TO BE PROVIDED. VI. CLASSIFICATION OF
WATERWORKS. VII. IMPOUNDING RESERVOIRS. VIII. EARTHWORK DAMS. IX. MASONRY
DAMS. X. THE PURIFICATION OF WATER. XI. SETTLING RESERVOIRS. XII. SAND FILTRA-
TION. XIII. PURIFICATION OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF
LIME, NATURAL FILTRATION. XIV. SERVICE OR CLEAN WATER RESERVOIRS WATER TOWERS
STAND PIPES. XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS. XVI. PUMPING MACHINERY. XVII. FLOW OF WATER IN CONDUITS PIPES AND*
OPEN CHANNELS. XVIII. DISTRIBUTION SYSTEMS. XIX. SPECIAL PROVISIONS FOR THE EXTINC-
TION OF FIRES. XX. PIPES FOR WATERWORKS. XXI. PREVENTION OF WASTE OF WATER.
XXII. VARIOUS APPLIANCES USED IN CONNECTION WITH WATERWORKS.

APPENDIX I. BY PROF. JOHN MILNE, F.R.S. CONSIDERATIONS CONCERNING THE PROBABLE
EFFECTS OF EARTHQUAKES ON WATERWORKS AND THE SPECIAL PRECAUTIONS TO BE TAKEN IN

EARTHQUAKE COUNTRIES.

APPENDIX II. BY JOHN DE RIJKE, C.E. ON SAND DUNES AND DUNE SANDS AS A SOURCE OP
WATER SUPPLY.

"We congratulate the author upon the practical commonsense shown in the preparation of this

work. . . . The plates and diagrams have evidently been prepared with great care, and cannot
fail to be of great assistance to the student." Builder.

WATER SUPPLY, RURAL. A Practical Handbook on the

Supply of Water and Construction of Water Works for small Country
Districts. By ALLAN GREENWELL, A.M.Inst.C.E., and W. T. CURRY,
A.M.Inst.C.E., F.G.S. With , Illustrations. Second Edition, Revised.
Crown 8vo, cloth ... ... ... ... ... ... ... 55.

"The volume contains valuable information upon all matters connected with water supply. . . .

It is full of details on points which are continually before water-works engineers." Nature.

WELLS AND WELL-SINKING. By J. G. SWINDELL, A.R.I.B.A.,
and G. R. BURNELL, C.E. Revised Edition. Crown 8vo, cloth 25.
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WIRELESS TELEGRAPHY: ITS THEORY AND
PRACTICE. A Handbook for the use of Electrical Engineers, Students,
and Operators. By JAMES ER'SKIXE-MURRAY, D.Sc., Fellow of the

Royal Society of Edinburgh, Member of the Institution of Electrical

Engineers. Third Edition, thoroughly Revised and Enlarged, 400
pages, with 190 Diagrams and Illustrations. Demy Svo, cloth.

Net i os. 6d.
ADAPTATIONS OF THE ELECTRIC CURRENT TO TELEGRAPHY EARLIER ATTEMPTS AT WIRE-

LESS TELEGRAPHY APPARATUS USED IN THE PRODUCTION OF HIGH FREQUENCY CURRENTS
DETECTION OF SHORT-LIVED CURRENTS OF HIGH FREQUENCY BY MEANS OF IMPERFECT
ELECTRICAL CONTACTS DETECTION OF OSCILLATORY CURRENTS OF HIGH FREQUENCY BY
THEIR EFFECTS ON MAGNETISED IRON THERMOMETRIC DETECTORS OF OSCILLATORY CURRENTS
OF HIGH FREQUENCY ELECTROLYTIC DETECTORS AND CRYSTALLINE RECTIFIERS THE
MARCONI SYSTEM THE LODGE-MUIRHEAD SYSTEM THE FESSENDEN SYSTEM THE HOZIER-
BROWN SYSTEM WIRELESS TELEGRAPHY IN ALASKA THE DE FOREST SYSTEM THE
POULSEN SYSTEM THE TELEFUNKEN SYSTEM THE LEVEL AND OTHER SHOCK-EXCITATION
SYSTEMS DIRECTED SYSTEMS SOME POINTS IN THE THEORY OF JIGS AND JIGGERS ON
THEORIES OF TRANSMISSION WORLD-WAVE TELEGRAPHY ADJUSTMENTS, ELECTRICAL
MEASUREMENTS AND FAULT TESTING ON THE CALCULATION OF A SYNTONIC WIRELESS
TELEGRAPH STATION TABLES AND NOTES.

". . . . A serious and meritorious contribution to the literature on this subject. The Author
brings to bear not only great practical knowledge, gained by experience in the operation of wireless

telegraph stations, but also a very sound knowledge of the principles and phenomena of physical
science. His work is thoroughly scientific in its treatment, shows much originality throughout, and
merits the close attention of all students of the subject." Engineering.

WIRELESS TELEPHONES AND HOW THEY WORK.
By JAMES ERSKINE MURRAY, D.Sc., F.R.S.E., M.I.E.E., Lecturer on
Wireless Telegraphy and Telephony at the Northampton Institute,
London

;
Fellow of the Physical Society of London

;
Author of " Wire-

less Telegraphy," and Translator of Herr Ruhmer's "Wireless Tele-

phony." Second Edition, Revised. 76 pages. With Illustrations and
Two Plates. Crown Svo, cloth Net is. 6d.
How WE HEAR HISTORICAL THE CONVERSION OF SOUND INTO ELECTRIC WAVES WIRELESS

TRANSMISSION THE PRODUCTION OF ALTERNATING CURRENTS OF HIGH FREQUENCY How THE
ELECTRIC WAVES ARE RADIATED AND RECEIVED THE RECEIVING INSTRUMENTS DETECTORS
ACHIEVEMENTS AND EXPECTATIONS -GLOSSARY OF TECHNICAL WORDS INDEX.

WIRELESS TELEPHONY IN THEORY AND PRAC
TICE. By ERNST RUHMER. Translated from the German by
J. ERSKINE-MURRAY, D.Sc., M.I.E.E., etc. Author of "A Handbook
of Wireless Telegraphy." With numerous Illustrations. Demy Svo,
cloth Net ios. 6d.
" A very full descriptive at count of the experimental work which has been carried out on Wireless

Telephony is to be found in Professor Ruhmer's book. . . . The volume is profusely illustrated

by both photographs and drawings, and should prove a useful reference Work for those directly or

indirectly interested in the subject." Nature.
"The explanations and discussions are all clear and simple, and the whole volume is a very

readable record of important and interesting work." Engineering.

WORKSHOP PRACTICE. As applied to Marine, Land, and
Locomotive Engines, Floating Docks, Dredging Machines, Bridges,

Shipbuilding, etc. By J. G. WINTON. Fourth Edition, Illustrated.

Crown Svo, cloth 35. 6d.

WORKS' MANAGER'S HANDBOOK. Comprising Modern
Rules, Tables, and Data. For Engineers, Millwrights, and Boiler

Makers
; Toolmakers, Machinists, and Metal Workers ; Iron and Brass

Founders, etc. By W. S. HUTTON, Civil and Mechanical Engineer,
Author of

" The Practical Engineer's Handbook," Seventh Edition,

carefully Revised and Enlarged. Medium Svo, strongly bound 155.
STATIONARY AND LOCOMOTIVE STEAM-ENGINES, GAS PRODUCERS, GAS-NGINES, OIL-ENGINES,

ETC. HYDRAULIC MEMORANDA : PIPES, PUMPS, WATER-POWER, ETC. MILLWORK : SHAFTING
GEARING, PULLEYS, ETC. STEAM BOILERS, SAFETY VALVES, FACTORY CHIMNEYS, ETC
HEAT, WARMING, AND VENTILATION MELTING, CUTTING, AND FINISHING METALS

ALLOYS AND CASTING WHEEL-CUTTING. SCREW-CUTTING, ETC. STRENGTH ANB WEIGT OF
MATERIALS WORKSHOP DATA, ETC.
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PUBLICATIONS OF THE
ENGINEERING STANDARDS COMMITTEE.

MESSRS.
CROSBY LOCKWOOD and SONt having been appointed

OFFICIAL PUBLISHERS to the ENGINEERING STANDARDS
COMMITTEE, beg to invite attention to the List given below

of the Publications already issued by the Committee, and will be prepared
to supply copies thereof and of all subsequent Publications as issued.

The Committee as now constituted is supported by the Institution of Civil

Engineers, the Institution of Mechanical Engineers, the Institution of Naval

Architects, the Iron and Steel Institute, and the Institution of Electrical

Engineers.
The Reports are Foolscap Folio, Sewed, except where otherwise stated.

Reports already published :

1. BRITISH STANDARD SECTIONS (9 lists). (Included in No. 6).

ANGLES, EQUAL AND UNEQUAL BULB ANGLES, TEES AND PLATES Z
AND T BARS CHANNELS BEAMS is. Net.

2. TRAMWAY RAILS AND FISH-PLATES 2is. Net.

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH. By
Professor W. C. UNWIN, F.R.S.' 55. Net.

4. PROPERTIES OF STANDARD BEAMS. (Included in No. 6.)

Demy 8vo, sewed ... ... ... .. ... ... ... is. Net.

5. STANDARD LOCOMOTIVES FOR INDIAN RAILWAYS.
Superseded.

6. PROPERTIES OF BRITISH STANDARD SECTIONS. Diagrams
and Definitions, Tables, and Formulae. Demy 8vo, cloth 2S. 6d. Net.

7. TABLES OF BRITISH STANDARD COPPER CON-
DUCTORS 55. Net.

8. TUBULAR TRAMWAY POLES Ss. Net.

9- BULL-HEADED RAILWAY RAILS 2 is. Net.
10. TABLES OF PIPE FLANGES 2s. 6d. Net.
n. FLAT-BOTTOMED RAILWAY RAILS 2 is. Net.
12. SPECIFICATION FOR PORTLAND CEMENT ... 55. Net.

13. STRUCTURAL STEEL FOR SHIPBUILDING 55. Net.

14. STRUCTURAL STEEL FOR MARINE BOILERS ... 55. Net.

15. STRUCTURAL STEEL FOR BRIDGES AND GENERAL BUILD-
ING CONSTRUCTION 55. Net.

1 6. SPECIFICATIONS AND TABLES FOR TELEGRAPH
MATERIALS 2is. Net.

17. INTERIM REPORT ON ELECTRICAL MACHINERY
Superseded.

19. REPORT ON TEMPERATURE EXPERIMENTS ON FIELD
COILS OF ELECTRICAL MACHINES ... IDS. 6d. Net.

20. BRITISH STANDARD SCREW THREADS ... 2s. 6d. Net.
21. BRITISH STANDARD PIPE THREADS ... 2s. 6d. Net.

22. REPORT ON EFFECT OF TEMPERATURE ON INSULATING
MATERIALS 5s. Net

23. STANDARDS FOR TROLLEY GROOVE AND WIRE is. Net.

24. MATERIAL USED IN THE CONSTRUCTION OF RAILWAY
ROLLING STOCK 2is. Net.

25. ERRORS IN WORKMANSHIP. Based on Measurements carried out
for the Committee by the National Physical Laboratory I OS. 6d. Net.

P.T.O.
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PUBLICATIONS OF THE ENGINEERING STANDARDS COMMITTEE (contd.'y

26. SECOND REPORT ON STANDARD LOCOMOTIVES FOR
INDIAN RAILWAYS Superseded.

27. STANDARD SYSTEMS OF LIMIT GAUGES FOR RUNNING
FITS 55. Net.

28. NUTSt BOLT-HEADS, AND SPANNERS ... 2s. 6d. Net.

29. INGOT STEEL FORCINGS FOR MARINE PURPOSES. 53. Net.

30. INGOT STEEL CASTINGS FOR MARINE PURPOSES. 55. Net.

31. STEEL CONDUITS FOR ELECTRICAL WIRING ... 55. Net.

32. STEEL BARS (for use in Automatic Machines) 2S. 6d. Net.

33- CARBON FILAMENT GLOW LAMPS 5s. Net.

35. COPPER ALLOY BARS (for use in Automatic Machines) 2S. 6d. Net.

36. STANDARDS FOR ELECTRICAL MACHINERY. 2s. 6d. Net.

37. CONSUMERS' ELECTRIC SUPPLY METERS (Motor Type for

Continuous and Single-Phase Circuits) ... ... ... 55. Net.

38. LIMIT GAUGES FOR SCREW THREADS 55. Net.

39. COMBINED REPORTS ON SCREW THREADS (containing

Reports Nos. 20, 28, 38) ... ... ... ... ... 75. 6d. Net.

40. CAST IRON SPIGOT AND SOCKET LOW PRESSURE HEAT-
ING PIPES 2s.6d.JVfe/.

41. CAST IRON SPIGOT AND SOCKET FLUE OR SMOKE
PIPES 2s. 6d. Net.

42. RECIPROCATING STEAM ENGINES FOR ELECTRICAL
PURPOSES 5s. Net.

43- CHARCOAL IRON LAPWELDED BOILER TUBES 2s. 6d. Net.

44- CAST-IRON PIPES FOR HYDRAULIC POWER ... 55. Net.

45- STANDARD DIMENSIONS FOR THE THREADS OF SPARK-
ING PLUGS (FOR INTERNAL COMBUSTION ENGINES,)

2S. 6d. Net.

46. KEYS AND KEYWAYS 2s.6d.Afe/.
47. STEEL FISHPLATES FOR BULL-HEAD AND FLAT-BOTTOM

RAILWAY RAILS los. 6d. Net.

48. WROUGHT IRON OF SMITHING QUALITY FOR SHIP^
BUILDING (Grade D) 2s.6d.Afe/.

49. AMMETERS AND VOLTMETERS 5 s. Net.

50. THIRD REPORT ON STANDARD LOCOMOTIVES FOR
INDIAN RAILWAYS. Incorporating Reports Nos. 5 and 26. 2 IS. Net.

51. WROUGHT IRON FOR USE IN RAILWAY ROLLING STOCK.
" Best Yorkshire " and Grades A., B. and C. ... ... los. 6d. Net.

52. BAYONET SOCKET LAMP-HOLDERS AND CAPS ... 55. Net.

53. COLD DRAWN WELDLESS STEEL TUBES FOR LOCOMO-
TIVE BOILERS 2s. 6d. Net.

54- THREADS, NUTS AND BOLT HEADS FOR USE IN AUTOMO-
BILE CONSTRUCTION 2s. 6d. Net.

55. HARD-DRAWN COPPER AND BRONZE WIRE los. 6d. Net.

56. DEFINITIONS OF YIELD POINT AND ELASTIC LIMIT. Gratis.

57- HEADS FOR SMALL SCREWS 2s. 6d. Xet.

London: Crosby Lockwood & Son,

7, STATIONERS' HALL COURT, LUDQATE HILL, E.C.

and 5, Broadway, Westminster, S.W.

BRADBURY, AGNEW & CO., LD., PRINTERS, LONDON AND TONBRIOGE. 388. IO. 6. 12.





RETURN TO the circulation desk of any
University of California Library

or to the

NORTHERN REGIONAL LIBRARY FACILITY

Bldg. 400, Richmond Field Station

University of California

Richmond, CA 94804-4698

ALL BOOKS MAY BE RECALLED AFTER 7 DAYS
2-month loans may be renewed by calling

(510)642-6753

1-year loans may be recharged by bringing
books to NRLF

Renewals and recharges may be made 4

days prior to due date.

DUE AS STAMPED BELOW

MAR 11 1998
SENT ON ILL

MAR 2 o

it. C.

12,000(11/95)



267203

U. C. ..

EWGIKEERfJG LIBRARY

UNIVERSITY OF CALIFORNIA LIBRARY




