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CHAPTER T
PRINCIPLES OF FUEL OIL COMBUSTION

Combustion is nothing more nor less than a chemical union
of oxygen with some combustible material such as carbon. The
decaying autumn leaf is an example of combustion. In this cdse
the organic matter of the leaf forms a slow chemical union with
the oxygen of the air. Heat accelerates all chemical unions and
the greater the intensity of the heat applied, the more rapidly the
elements unite. The process of the combustion of the autumn léaf
is slow because insufficient heat is developed to induce rapid com-
bustion.

The explosion of black powder, dynamite or any other of the
high explosives, is another example of combustion. Black pow-
der is a mechanical mixture of sulphur, charcoal and potassium
nitrate. In this mixture theoretically each particle of sulphur has
beside it one particle of charcoal and one particle of potassium
nitrate. Sulphur, which burns easily, is put in the mixture to
generate sufficient heat for the liberation of the oxygen which is
contained in the potassium nitrate. Inasmuch as all of the ele-
ments necessary for combustion, that is, heat-giving substance,
combustible material, and oxygen are combined in black powder.
the rate of burning is thousands of times greater than is that of the
decaying automn leaf. Since sulphur, charcoal, and potassium
nitrate are only mechanically mixed, it follows that in practice
every particle of sulphur does not have adjacent to it a particle
of charcoal and a particle of potassium nitrate. Accordingly the
speed of combustion of black powder is relatively slow as com-
pared with that of the high explosives in which the oxygen-carry-
ing material and the combustible are chemically united so that no
matter how finely the explosive may be divided, each atom is com-
posed of the combustible and of the oxygen-giving material. The
heat necessary for the union of combustible and oxygen in the
high explosives is generated by an easily explosible detonator.
The intense rapidity of combustion in high explosives is shown by
the fact that if a pipe five miles long were filled with nitroglycerine
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RN T RTRTY l?UEL Q]L IN INDUSTRY
and a blastmg cap detonated at one end, the entire column would
be converted into gas in about one second. ;

From these examples it will be seen that the speed and effi-
ciency of combustion depend upon the intimacy of the mixture
of combustible material with oxygen, and that combustion may
extend over a long period of time or may be instantaneous. To
the engineer, combustion means the chemical union of the com-
bustible of a fuel and the oxygen of the air at such a rate as to
cause rapid increase in temperature.

Fuel oil consists principally of various combinations of hy-
drogen whose chemical symbol is H, and carbon (C), together
with small amounts of nitrogen (N), oxygen (O), sulphur (S),
and water (H,0). The moisture in oil fuel should not exceed
two percent becausé it not only acts as an inert impurity, but
must be converted into steam in the furnace, which still further
reduces the heat value of the fuel per pound. In the ordinary
furnace all the oxygen for the combustion of fuel oil is obtained
from the air which is a mechanical mixture of 79.3 parts of
nitrogen by volume and 20.7 parts of oxygen.

When the combustible elements of fuel oil unite with oxygen
they do so in definite proportions which are always the same
Carbon, hydrogen and sulphur require theoretically a certain fixed
amount of air for complete burning. The formula for the com-
plete combustion of carbon is C 4+ O, = CO,. One pound of
carbon requires for complete combustion 2.66 pounds of oxygen.
The dry air requirements for the combustion of one pound of
carbon are 11.58 pounds. The formula for the combustion of
hydrogen is 2H, + O, = 2(H,0) (water). One pound of hy-
drogen requires for complete combustion 8.00 pounds of oxygen.
For the combustion of one pound of hydrogen, 34.8 pounds of
dry air are required. The formula for the complete combustion
of sulphur is S 4+ O, = SO,. One pound of sulphur requires for
its complete combustion 1.00 pound of oxygen. For the combus-
tion of one pound of sulphur, 4.35 pounds of dry air are necessary.

The theoretical air requirements for different densities of
fuel oil have been compiled by C. R. Weymouth (Trans., A. S.
M. E., Vol. 30, p. 803), and are given in Table 1.

It is not possible to burn oil practically with the theoretical
air requirements, and sometimes in furnaces of poor design 100
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to 200 percent of excess air is used with a resulting great loss of
heat. The maximum excess air required should be 25 percent.
Insufficient air gives incomplete combustion with a consequent
loss in unburned heat units and an excess of air cools the flame
and carries away large quantities of heat in the flue gases. The
air excesses for various boiler efficiencies are given in Table 2.

Table 1.—POUNDS OF AIR PER POUND OF OIL AND RATIO OF AIR
SUPPLIED TO THAT CHEMICALLY REQUIRED.

Percent CO2 Light Oil. Medium Oil. I Heavy Oil.
by Volume Co 84T, 13%; S, | C, 85%; H. 12%; 8, | 86%; M, 114
as Shown by 0.8 %; N, 0.2%; O, 1%; [0.8%; N, 0.2%; O, 1%; S, 08%,N 02%, v 1%
An%ysis of H20, 1%. H20 1%. 1%.
Ty
Chimney Lb. of Ratio of Air Lb. of Ratio of Air Lb. of | Ratio of Air
Gases. Air per Supply to Air per Supply to | _Air per Supply to
Lb. of Oil. | Chemical |Lb.of Oil.| Chemical | Lb. of Oil. Chemical
Require- Require- Require-
ments. ments. ments.
4 51.40 3.607 51.93 3.704 52.45 3.803
5 41.31 2.899 41.71 2.975 42.12 3.054
6 34.58 2.427 34.90 2.490 35.23 2.554
7 29.77 2.089 30.04 2.143 30.31 2.198
8 26.17 1.836 26.39 1.883 26.62 1.930
9 23.37 1.640 23.56 1.680 23.75 18722
10 21.12 1.482 21.29 1.518 21.45 1.555
11 19.83 1.391 19.43 1.386 19.58 1.419
12 17.76 1.246 17.88 1.276 18.01 1.306
13 16.46 1.155 16. 57 1.182 16.69 1.210
14 15. 36 1.078 15.45 1.102 15.55 1.127
15 14.39 1.010 14.48 1.033 14.57 1.056

Figure 1 shows the heat losses due to excess air in burning
fuel.

It is well known that with charcoal or coke a very intense
combustion can be maintained with very little smoke and within
a comparatively small space. The reason for this is that even at
the highest temperature the fuel is solid. Therefore, no carbon
can leave the fuel bed except as a constituent of CO or CO,.
When carbon is not supplied with sufficient air for complete com-
bustion it burns to CO instead of to CO,. When carbon is burned
only to CO it provides only two-thirds of the heat which it is
capable of yielding up when burned to CO,. When completely
burned, fuel which consists of 100 per cent carbon will show a
percentage by volume of 20.7 CO, in the flue gases. Under good
furnace conditions, when burning fuel oil which contains a high
percentage of carbon the average theoretical CO, percentage of
flue gases is from 13 to 14 per cent. Table 3 shows the corre-
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sponding losses that occur when various percentages of CO, are
indicated in the flue gases.

In order to determine whether the fuel oil is obtaining the
correct amount of air, it is necessary to analyze the flue gases.
A flue gas analysis gives the proportion by volume of the principal
constituent gases produced by the combustion of any fuel. The
gases usually determined in such an analysis are CO,, O, and CO.
The volume remaining after these gases are removed is considered
to be nitrogen (N).

The apparatus most commonly used for flue gas analysis is
known as the Orsat. The Orsat apparatus (See fig. 2) is de-

Table 2.—BOILER EFFICIENCY FOR EXCESS AIR SUPPLY (OIL

FUEL)

Excess Air Supply, Percent. . ... 10 50 75 | 100 | 150 | 200
Assumed temperature of escap- Over | Over

ing gases, deg. Fahr........ 400 (450 |475 490 1500
Corresponding ideal efficiency of Under| Under

boilers percent g Ak Sue et 84.2 | 80.27| 77.66| 75.22| 70.94| 67.09
Possible saving in fuel due to re-

duction of ail supply to 10 per

cent excess, expressed as per-

cent of oil actually burned un- Over | Over

der assumed conditions... . . .. 0| 4.67[ 7.78| 10.68| 15.76] 20.32

scribed as follows: “The burette “a” is graduated in cubic centi-
meters up to 100, and is surrounded by a water jacket to prevent
any change in temperature from affecting the density of the gas
being analyzed. For accurate work it is advisable to use four
pipettes, “b,” “c,” “d,” “e,” the first containing a solution of
caustic potash for the absorption of carbon dioxide, the second
an alkaline solution of pyrogallol for the absorption of oxygen,
and the remaining two an acid solution of cuprous chloride for
absorbing the carbon monoxide. Each pipette contains a number
of glass tubes, to which some of the solution clings, thus facilitat-
ing the absorption of the gas. In the pipettes “d” and “e,” copper
wire is placed in these tubes to re-energize the solution as it be-
comes weakened. The rear half of each pipette is fitted with a
rubber bag, one of which is shown at “k,” to protect the solution
from the action of the air. The solution in each pipette should
be drawn up to the mark on the capillary tube. The gas is drawn
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into the burette through the U-tube “h,” which is filled with spun
glass, or similar material, to clean the gas. To discharge any air
or gas in the apparatus, the cock “g” is opened to the air and the
bottle “f” is raised until the Water in the burette reaches the 100
cubic-centimeter mark. The cock “g” is then turned so as to close
the air opening and allow gas to be dra\vn through “h,” the bottle
“f” being lowered for this purpose. The gas is drawn into the.
burette to a point below the zero mark, the cock “g” then being
opened to the air and the excess gas expelled untll the level of
the water in “f” and in “a” is at the zero mark. This operation
is necessary in order to obtain the zero reading at atmospheric

0 \\ Lo pa I
\ A /
60 D,:, J//
70
gso | A
o J
()
g \ A v
.. T AP ANNP AuNY)
w 40 + ' 7" T
T [\ A q
= °\ / v ”.rf FP i
z %
Rers 3 A" & 17 3
N 2 c p
. N A | &7 0
a = K C 14 /
2 DA L o 4
q
'/gé( (id
72
< // P
/"' b b b “adld 4§ S e
I —— ] -
i . — 1 —~—~— | §
1 ‘A] Carbon Dioxide (CO3) and Oxygen O) percent 13 14 15 16 17 |8 19 2c
10— — 20 Excess air, pounds 60 — 70 — 80 — 90—
mo- — 200 — 300 — 400 Excess air, percent —— 700 — 800 —— 900 —— |ooo
2.000—2 6.000 10,000 —Loss. B8 T U —15,000 20.000

Fra. 1.—Curves showing heat losses due to excess air. Calculated on follow-
ing conditions: Oil as fired—18 633 B. t. u., 84.73 per cent carbon. 11.74
per cent hydrogen, 1.06 per cent sulphur, 5 per cent nitrogen, 0.87 per
cent oxygen, 0.7 per cent moisture, and 0.4 per cent sediment; atmos-
pheric temperalure 55° F.; humidity, 88; stack temperature, 500° F.;
Kern oil, 15° B.

pressure. The apparatus should be carefully tested for leakage,
as well as all connections leading thereto. Simple tests can be
made as, for example: If after the cock “g” is closed, the bottle
“f” is placed on top of the frame for a short time and again
brought to the zero mark,, and the level of the water in “a” is
above the zero mark, a leak is indicated. Before taking a final
sample for analysis, the burette “a” should be filled with gas and
emptied once or twice, to make sure that all the apparatus is filled
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with the new gas. The cock “g” is then closed and the cock “i”
is opened and the gas driven over into “b” by raising the bottle
“f.” The gas is drawn back into “a” by lowering “f” and when
the solution in “b” has reached the mark in the capillary tube, the
cock “i” is closed and a reading is taken on the burette, the level
of the water in the bottle “f” being brought to the same level as
the water in “a.” The operation is repeated until a constant read-
ing is obtained, the number of cubic centimeters, absorbed as
shown by the reading, being the percentage of CO, in the flue
gases. The gas is then driven over into the pipette “c” and a sim-
ilar operation is carried out. The difference between the resulting

Table 3.—CO. AND FUEL LOSSES.*

Percent CO2. Percent Excess Air B. t. u. Loss. Percent Fuel Loss.
15.6 0 0 .0
16 5 75 .4
14 10 186 il
13 18 317 Ho7
12 28 447 2.4
11 40 633 3.4
10 54 856 4.6

9 Sa870 1118 6.
8 93 1435 7.8
7 120 1900 10.2
6 152 2460 13.2
5 198 3205 17.2
4 273 4380 23.5
3 396 6340 34.
2 635 10150 54.5
1

reading and the first reading gives the percentage of oxygen in the
flue gases. The next operation is to drive the gas into the pipette
“d.” the gas being given a final wash in “e,” and then passed into
the pipette “c” to neutralize any hydrochloric acid fumes which
may have been given off by the cuprous chloride solution, which,
especially if it be old, may give off such fumes, thus increasing
the volume of the gases and making the reading on the burette
less than the true amount. The process must be carried out in
the order named, as the pyrogallol solution will also absorb car-
bon dioxide, while the cuprous chloride solution will also absorb
oxygen. As the pressure of the gases in the flue is less than the
atmospheric pressure, they will not of themselves flow through

a. Weymouth, Trans. A. S. M. E,, Vol. 30, p. 803.
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the pipe connecting the flue to the apparatus. The gas may be
drawn into the pipe in the way already described for filling the
apparatus, but this is a tedious method. For rapid work a rubber

bulb aspirator connected to the air outlet of the cock “g” will
enable a new supply of gas to be drawn into the pipe, the apparatus

F1c. 2.—Orsat apparatus for testing flue gases

then being filled as already described. Another form of aspirator
draws the gas from the flue in a constant stream, thus insuring
a fresh supply for each sample. The analysis made by the Orsat
apparatus is volumetric. If the analysis by weight is required it
can be found from the volumetric analysis as follows: Multiply
the percentages by volume by either the densities or the molecular
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weight of each gas, and divide the products by the sum of all the
products; the quotients will be the percentages by weight. For
mest work sufficient accuracy is secured by using the even values
of the molecular weights. The even values of the molecular
weights are:

CarbontDioxiten(C O ST ST e R A [ e B S 44
CanbentMenoxid YCO) Fe R EReaRe=P et S s il g TS0 S 28
Oy gen (O)==e. SRS ik es e W N we e S e TS RVEReR, 32
INitropent (N T IR Il o, Wt S sy S S e e T S 28

A typical flue gas analysis is as follows : Carbon dioxide, 12.2;
carbon monoxide, 0.4; oxygen, 6.9; nitrogen, 80.5; total, 100.0.

F16. 3.—Dense smoke from burning oil tanks

Inasmuch as perfect combustion of coal will give a higher
CO, reading than perfect combustion of oil, a possible error may
arise among engineers who have been familiar with coal burning
in interpreting the CO, content in flue gas when burning fuel oil.
The possibility of this error may be demonstrated by the following
example: Assume a sample of coal having the following ultimate
analysis: Carbon, 73 percent; hydrogen, 4 percent; oxygen, 8
percent, and the residue ash. In each pound of coal it will
be necessary to supply for complete combustion of the carbon
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0.73 X 224 = 1.95 pounds of oxygen. The oxygen required for
the complete combustion of the hydrogen will be 0.04 X 8 = 0.32
pounds. The total oxygen required, therefore, will be 1.95 + 0.32
— 227 pounds. The cual itself, however, contains 0.08 pounds
of occluded oxygen. Subtracting this amount from the total oxy-
gen required leaves 2.19 pounds of oxygen, which must be fur-
nished by the air. The amount of air necessary to supply the re-

2.19 ;
= 9.53 pounds and this amount of air will

quired oxygen is

contain 7.34 pounds of nitrogen. The amount of CO, in the flue
gas which will be produced by the 0.73 pounds of carbon in one
pound of coal is 0.73 X 324 = 2.68 pounds. Water vapor to the
amount of 0.36 pounds will be formed by the combustion of the
hydrogen, but the water vapor before reaching the Orsat appara-
tus will condense, and, therefore, will not appear in the analysis.
Hence, flue gas will contain 2.68 pounds of CO, and 7.34 pounds
of nitrogen, totalling 10.02 pounds of gas for each pound of coal.

2.68
10.02

Tris will give by weight X 100 = 26.7 per cent CO, and

7.34

X 100 = 73.3 per cent of nitrogen. The relative volumes
10.02

26.7 73.3
=121 for CO, and — = 5.24
22 14

for N, since the ratio of the weights of N to CO, is 14 to 22. By
2l

of CO, and nitrogen will be

volume the percentages will be = 18.8 per cent CO, and

6.45
5.24
-6 4"‘ =81.2 per cent N. Follow the same calculation through

45

with an average sample of fuel oil. This may be assumed to con-
tain 85 per cent carbon, 12 per cent hydrogen and 3 per cent oxy-
gen. The oxygen required by the carbon of the fuel oil will be
2.27 pounds and combustion will produce 3.12 pounds of CO..
The oxygen required for the combustion of the hydrogen will be
0.96 pounds of oxygen per pound of oil burned and water vapor
will be produced to the amount of 1.08 pounds. The net oxvgen
requirements will, therefore, be 2.27 4+ 0.96 —0.03 = 3.20 1bs.
To provide this amount of oxygen 1391 pounds of air must be
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introduced and this amount of air carries with it 10.71 pounds of
nitrogen. As in the combustion of coal the water vapor will be
condensed and the flue gas per pound of oil will be 3.12 4 10.71
= 13.83 pounds, which by weight will have a composition of 22.5
per cent CO, and 77.5 per cent nitrogen. The percentage of CO,
by volume will be 15.6 and the percentage of N will be 84.4.

It is, of course, understood that these calculations are based
on ideal theoretical conditions where there is complete comhus-
tion without excess air. In the samples of coal and oil under
discussion, the coal might theoretically give an 18.8 per cent CO,
reading whereas the oil could not possibly show a higher percent-
age than 15.6 because the oil has a greater amount of hydrogen
than has the coal and hydrogen requires oxygen for its combustion
and the air supplying the oxygen brings with it nitrogen which
appears in the flue gas. The water vapor that the hydrogen pro-
duces does not appear in the flue gas analysis and the hydrogen,
of course, does not produce CO,. It is easily seen that the higher
the hydrogen content of the fuel, the lower will be the theoretical
CO, percentage in the flue gas.

A factor which is rarely considered in efficiency tests of fuel
oil is the humidity of the atmosphere at the time of the test. With
a high humidity of the atmosphere some of the oxygen in a given
space is displaced by water vapor, and, therefore, for complete
combustion of the fuel oil an excess in the volume of air will be
required with a consequent loss of heat in the stack. In tests
conducted by the U. S. Naval Liquid Fuel Board, the decision was
arrived at that when operating a boiler at a given capacity the
efficiency varies inversely with the humidity.

Table 4 gives the physical changes in air brought about by
changes in temperature. Relative humidity is expressed as a
percentage and is the ratio of the quantity of water vapor which
is present in the air at any given temperature and pressure to the
quantity of vapor necessary to saturate completely the space
occupied by the air. ‘

Since in the charcoal fire at the temperature of the union of
the carbon with oxygen the fuel is solid, it can present a large
surface upon which the oxygen can act, and an atom of carbon
cannot break away from the fuel bed without being first united
with at least one atom of oxygen and forming CO. In burning
fuel oil the fuel is already on the way to the chimney before it
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is even partially burned and is carried along by the current of
gases. Therefore, before being cooled, plenty of time must elapse
or otherwise it will form soot. If the oil is not properly atomized
at the burner the separate oil particles are too large and at the
same time are not surrounded with a sufficient number of par-
ticles of air to insure their complete combustion. The heavier
drops of oil progressively distill and particles of free carbon or
soot are deposited. The lighter oils and gases resulting from this
distillation consist, like the gases from coal, principally of carbon
and hydrogen. In an atmosphere deficient in oxygen the hydro-

Table 4.—PHYSICAL CHANGES IN AIR DUE TO TEMPERATURE

Weight of Water in
Temperature Weight of 100,000 [100,000 Cubic Feet of | Quantity of Water per
of the Air. Cubic Feet of Pure Air.| Saturated Aqueous 100,000 Cubic Feet

Vapor. of Air.

Deg. F. Pounds. Pounds. Gallons.
0 8,635.4 6.9 0.823

10 8,459.4 11.1 1.329

20 8,275.5 17.6 2.114
30 8,106.3 27.6 3.312
40 7,943.9 40.7 4.878

50 7,7187.9 58.2 6.979

60 7,637.9 82.1 9.843

70 7,493.5 114.0 13. 686
80 7,354.6 156.2 18.776
90 7,220.6 211.3 25.439
100 7,091.4 282.4 34.058

gen burns first and the carbon is deposited. Naturally when we
consider that oil is a liquid originally and not a dense substance
like coal, and particularly that it is blown into the furnace by
compressed air or steam, the likelihood of its incomplete com-
bustion with consequent deposition of soot is much less than is
the case with coal.

An essential for the successful burning of fuel oil is the ex-
posure of the largest possible surface to the action of the oxygen
of the air. Bulk oil presents comparatively a small surface. If
a tank of fuel oil is ignited, the air is able to reach only the upper-
most surface of the liquid and combustion is relatively slow and
incomplete, being accompanied by dense clouds of black smoke
consisting of unburned carbon. (See fig. 3.) When fuel oil is
broken up into fine drops the surface exposed is the sum of the
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surface of all the drops. The smaller the drops the more nearly
spherical they are. Drops of oil one one-thousandth of an inch
in diameter are known to assume the spherical form with a
rigidity comparable to that of a steel ball one inch in diameter.
The drop of oil assumes this spherical form through “surface
tension,” which is a very peculiar property belonging to both
solids and liquids. Cohesion of the molecules appears to be
greater at the surface than within the body of the globule. Co-
hesion may be explained as an attractive force between particles
of the same material. It appears as though a thin envelope sur-
rounds and holds together the particles composing the drop of oil.

The work necessarily performed by the atomizing agent is
simply the work of stretching the surface of the drops. It will
easily be seen, therefore, that to properly atomize fuel oil to such
a form that it can be burned efficiently under boilers is purely
mechanical rather than a chemical problem.



CHAPTER 1II

PHYSICAL AND CHEMICAL PROPERTIES OF
FUEL OIL

Crude petroleum in its raw or unrefined state varies con-
siderably in character and appearance, according to the locality
from which it is obtained. Petroleum is a very complex mixture
of organic compounds which are chiefly hydrocarbons, that is,
compounds composed of hydrogen and carbon. Although the
hydrocarbons are the chief constituents of petroleum it also con-
tains in small amounts, sulphur, oxygen, and nitrogen. While
petroleums from various sections of the country differ consider-
ably in character, they may, however, be divided into three main
classes:

1. Those in which the residue is predominantly paraffin wax.

2. Those in which the residue is predominantly asphalt.

3. Those in which the residue is a compound of paraffin wax

and asphalt.
The paraffin petroleums of the United States occur chiefly in the
eastern part of the country. The asphaltic petroleums are found
in California and in the Gulf region and the compound paraffin-
asphalt base petroleum is found generally in the mid-continent
field.

It is possible to burn crude petroleum itself as a fuel and
nearly one-fifth of the domestic consumption is thus utilized, but
while the evaporative efficiency of crude and refined oil is prac-
tically the same no matter from what locality the oil may come,
the danger of using crude oil is much greater than that of using
fuel oil. The most of the petroleum produced in the United States
is refined into a series of products. The four main products ob-
tained through the distillation of petroleum in refineries are gaso-
line, kerosene, fuel oil, and lubricating oil. There are, of course,
a large number of by-products obtained in the process of refining
of which benzine, vaseline, paraffin, road oil, asphalt and petro-
leum coke are well-known examples. Table 5 gives analyses of
typical American oils used as fuels.

17
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When crude petroleum is distilled, the most volatile products
are given off first. Gasoline, as the term is commercially used,
covers those products which are more volatile than kerosene and
includes, therefore, some benzine and naphtha. The next most
volatile constituent of crude petroleum is kerosene, which is the
common type of illuminating oil and is heavier than gasoline, but
lighter than distillate which is taken out immediately after kero-
sene and can be considered a high grade special fuel oil. Under
the heading fuel oil are included all of those distillates which are
heavier than illuminating oils and lighter than lubricating oils.
Fuel oil, therefore, includes gas oil. Gas oil is nothing more than
a high-grade fuel oil which is used in the manufacture of gas.
The term fuel oil also includes the residuum left after gasoline
and kerosene only have been extracted from petroleum.

Inasmuch as the crude oils from different sections of the
country vary widely in chemical composition, it is only natural to
expect that the fuel oils obtained as a result of the distillation of
these crude petroleums will also vary widely in ultimate analyses.

In purchasing fuel oil it is sufficient to specify the desired
viscosity, specific gravity, flash point, calorific value, water con-
tent, and sulphur content. The specifications of the U. S. Navy
for fuel oil at Atlantic and Gulf ports are:

SPECIFICATIONS

“(a) Fuel oil shall be a hydrocarbon oil free from grit,
acid and fibrous or other foreign matter likely to clog or injure
the burners or valves. If required by the Navy Department it
shall be strained by being drawn through filters of wire gauge
having 16 meshes to the inch. The clearance through the strainer
shall be at least twice the area of the suction pipe and strainers
shall be in duplicate.

(b) The unit of quantity to be the barrel of 42 gallons of
231 cu. in. at a standard temperature of 60° F. For every de-
crease or increase of temperature of 10° F. (or proportion
thereof) from the standard, 0.4 of 1 per cent (or prorated per-
centage) shall be added or deducted from the measured or gauged
quantity for correction.

(¢) The flash point shall not be lower than 150° F. s a
minimum (Abel or Pennsky-Marten’s closed cup) or 175° F.
Tagliabue open cup. In case of oils having a viscosity greater
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than 8 Engler at 150° F. the flash point (closed cup) shall not be
below the temperature at which the oil has a viscosity of 8 Engler.
(d) Viscosity shall not be greater than 40 Engler at 70° I,
(e) Water and sediment not over 1 per cent. If in excess
of 1 per cent the excess to be subtracted from the volume or the
oil may be rejected.

(f) Sulpbur not over 1.5 per cent.

Note:—If the Engler viscometer is not available, the Say-
bolt standard universal viscosimeter may be used. Equivalent
viscosities :

RSHlinolert e et 300 seconds Saybolt
A0 BNl erd W= ER 1,500 seconds Saybolt”

Viscosity oF FueL Oi1L

The viscosity of an oil is inversely proportional to its fluidity.
and is a measure of the internal friction in the oil itsclf, that is.
of its resistance to free flowing. Inasmuch as there are a number
of different instruments for the purpose of measuring viscosity,
and since there is no recognized standard instrument or method
of measuring it, the term ‘“viscosity”’ means nothing unless there
are also stated the name of the instrument used, the temperature
at which the viscosity was determined, and the amount of oil
tested. The viscosity of an oil is generally stated as the time
in seconds required for a given quantity of the oil in question
to flow through a small orifice at the stated temperature. It can
be stated as the ratio of the time of flow of the oil being tested
to the time of flow of water or some oil chosen as a standard at
a stated temperature. Common types of viscosimeters or instru-
ments for measuring the viscosity of oil are the Engler, Saybolt
and Tagliabue. In stating viscosity the name of the instrument
used should always be given. Tigure 4 shows a Saybolt visco-
simeter. The tentative test for the viscosity of lubricants adopted
by the American Society for Testing Materials® is as follows:

1. Viscosity shall be determined by means of the Saybolt
Standard Universal Viscosimeter.

2. (a) The Saybolt Standard Universal Viscosimeter is
made entirely of metal. The standard oil tube J is fitted at the
top with an overflow cup E and the tube is surrounded by a bhath
I.. At the bottom of the standard oil tube is a small outlet tube
through which the oil to be tested flows into a receiving flask R,

a. Reprinted by permission.
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whose capacity to a mark on its neck is 60 (== 0.15) c.c. The
lower end of the outlet tube is enclosed by a larger tube, which
when stoppered by a cork, N, acts as a closed air chamber and
prevents the flow of oil through the outlet tube until the cork is
removed and the test started. A looped string is attached to the
lower end of the cork as an aid to its rapid removal. The bath is
provided with two stirring paddles, K, and operated by two turn-
table handles F. The temperatures in the standard oil tube and
in the bath are shown by thermometers, A and B. The bath may
be heated by a gas ring burner P, steam U-tube H, or electric
heater, C. The standard oil tube is cleaned by means of a tube
cleaning plunger V, and all oil entering the standard oil tube shall
be strained through a 30-mesh brass wire strainer Q. A stop
watch is used for taking the time of flow of the oil and a pipette,
fitted with a rubber suction bulb, is used for draining the over-
flow cup of the standard oil tube.

(b) The standard oil tube should be standardized by the

United States Bureau of Standards, Washington, and shall con-
form to the following dimensions:

Minimum | Normal |Maximum
Dimensions. CM. CM. CM.

Inside Diameter of outlet tube ............. 0.1750 | 0.1765 | 0.1780
IEengthioffouiflctaiib e NS IR i I S e 1.215 1.225 1.235

Height of overflow rim above bottom of outlet

GUDE G A P B T S T SR 12.40 12250 12.60

Diameter of container of standard oil tube.. . 2.955 2.975 2.995
Outer diameter of outlet tube at lower end....| 0.28 0.30 0.32

3. Viscosity shall be determined at 100° I'. (37°.8 C.),
130° F. (54°4 C.), or 210° F. (98°.9 C.). The bath shall be held
constant within 0°.25 F. (0.14° C.) at such a temperature as will
maintain the desired temperature in the standard oil tube. For
viscosity determinations at 100 and 130° F., oil or water may be
used as the bath liquid. For viscosity determinations at 210° I,
oil shall be used as the bath liquid. The oil for the bath liquid
should be a pale engine oil of at least 350° F. flash point (open .
cup). .Viscosity determinations shall be made in a room free
from draughts, and from rapid changes in temperature. All oil
introduced into the standard oil tube, either for cleaning or for
test, shall first be passed through the strainer. To make the test,
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heat the oil to the necessary temperature and clean out the stand-
ard oil tube with the/ plunger, using some of the oil to be tested.
Place the cork stopper into the lower end of the air chamber at
the bottom of the standard oil tube. The stopper should be suffi-
ciently inserted to prevent the escape of air, but should not touch
the small outlet tube of the standard oil tube. Heat the oil to be
tested, outside the viscosimeter, to slightly below the temperature
at which the viscosity is to be determined and pour it into the
standard oil tube until it ceases to overflow into the overflow cup.
By means of the oil tube thermometer keep the oil in the standard
oil tube well stirred and also stir well the oil in the bath. It is
extremely important that the temperature of the oil in the oil
bath be maintained constant during the entire time consumed in
making the test. When the temperature of the oil in the bath and
in the standard oil tube are constant and the oil in the standard
oil tube is at the desired temperature, withdraw the oil tube ther-
mometer ; quickly remove the surplus oil from the overflow cup
by means of a pipette so that the level of the oil in the overflow
cup is below the level of the oil in the tube proper; place the
60 c.c. flask in position so that the oil from the outlet tube will
flow into the flask without making bubbles; snap the cork from
its position, and at the same instant start the stop watch. Stir
the liquid on the bath during the run and carefully maintain it at
the previously determined proper temperature. Stop the watch
when the bottom of the meniscus of the oil reaches the mark on
the neck of the receiving flask. The time in seconds for the
60 c.c. of oil is the Saybolt viscosity of the oil at the temperature
at which the test was made.

Other viscosimeters in use are the Engler, Tagliabue, Scott,
Redwood, Penn. Ry. pipet, McMichael, Lamansky-Nobel, Ost-
wald, Martens, Stormer, Ubbelohde, Lepenau, Kuenkler, Albrecht,
Arvine, Barbey, Cockrell, Doolittle, Gibbs, Mason, Napier, Nas-
myth, Phillips, Reischauver, Magruder. The Engler viscosimeter
(See fig. 5) is used most extensively in Germany and its dimen-
sions are as follows:

Inside diameter of the inside vessel for oil....106 mm.
Height of vessel below overflow............. 25 mm.
WensthLofsthe 0llRTeta sy s i S eI O 20 mm.
Inside diameter of the oil jet upper end...... 29 mm.

Inside diameter of the oil jet lower end....... 2.8 ‘mm.
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Length of jet projecting from lower part of
outer vessel
Width of jet

........................... 3.0 mm.
.............................. 4.5 mm.

—H— |-/ &5 . -
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Fi1c. 5.—The Engler viscosimeter.

The quotient of the time of outflow of 200 c.c. of oil divided
by the time of outflow of 200 c.c. of water is taken as a measure
of the viscosity or is the so-called Engler degree. The Redwood
viscosimeter is used extensively in England.
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Table 6.—EQUIVALENT READINGS FOR THE SAYBOLT, RED-

WOOD AND ENGLER VISCOMETERS.

Saybolt -] Redwood Engler Saybolt Redwood Engler

Time. Time. Number. ime. Time. Number.
28.0 26.6 1.00 200 168 5.34
29.0 27.4 1.03 300 252 8.01
30.0 28.3 1.06 400 336 10.7
31.0 29.2 1.08 500 420 13.4
32.0 30.1 1.11 600 504 16.0
33.0 31.0 1.14 7! 588 18.7
34.0 31.9 1.16 800 672 21.4
35.0 32.8 1% 19 900 756 24.0
36.0 32.7 1.22 1000 840 26.7
37.0 34.6 1.25 1100 925 28.4
38.0 35.4 1.27 1200 1010 32.0
39.0 36.3 1.30 1300 1090 34.7
40.0 37.1 1.32 1400 1180 37.4
41.0 37.9 1.35 1500 1260 40.0
42.0 38.8 1.37 1600 1340 42.7
43.0 39.6 1.40 1700 1430 45.4
44.0 40.4 1.42 1800 1510 48.1
45.0 41.2 1.45 1900 1600 50.7
46.0 - 42.0 1.47 2000 1680 53.4
47.0 42.8 1.50
48.0 43.6 1.52 At and above 200 Saybolt, the Red-
49.0 44.4 1.55 wood time is obtained by multiplying
50.0 45.2 1.57 by 0.84, and the Engler number by
55.0 49.2 1.69 multiplying by 0.0267, thus:
60.0 53.2 1.81 - Redwood time = 0.84 X Saybolt
65.0 57.2 1.93 time. Engler number = 0.0267 X
70.0 61.2 2.05 Saybolt time. For Engler numbers
75.0 65.1 2.17 6.0 and over, Redwood time = 31.3 X
80.0 69.0 2.29 Engler numbers.
85.0 72.9 2.41
90.0 76.8 2.54
95.0 80.8 2.67

100. *85.0 2.80

110. 93.5 3.04

120. 101. 3.29

130. 109. 3.54

140. 118. 3.80

150. 126. 3.05

160. 134. 4.31

170. 143. 4.56

180. 151. 4.82

190. 160. 5.08

200. 168. 5.34

Table 6 gives equivalents of Saybolt times, Redwood times,
Intermediate values can be obtained by

and Engler numbers.?
interpolation.

these equivalents,

a.

Compiled by Carl D. Miller, Ph.D., Associate Editor of Oil News.

Iig. 6 is a chart® for the quick determination of
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Knowledge of the viscosity of fuel oil is valuable for de-
termining the ease with which the oil can be pumped through
pipe lines with or without heat. Although the viscosity of fuel
oil increases with the- density, tests have shown that oils of the
same specific gravity from different localities often differ quite
widely in viscosity.

Fuel oil, as regards viscosity, may be divided into two general
classes, namely: Class 1. Asphaltic base crudes, residuums, or

Sk BN L 200— = — | |z000— ™ 2
2 ] ] = | 503 o —t 50—
= -~ = — 15— = — 1500, — =
o BAREROTY 3 T GURITE e — T
3 e 4 — . SO0 Qe

S 54 ~ el g f=o ',_ haam AV —d

45— = =) 150—— — ., 40— | )so0— 5 —{£ 40—

-1 — “ o [ e He o £ =

) = 7| v R ] H — vy _loe -5 =

] 40— 311 _é il oe Sl | R R AN

— e B || e —EF JiF 3OA¥ —y 3

= = I SRS = % x ] -

& 1T ] = 9 =z = 3 T ) =

¢ 13 & ll3 —ereo—y || —Jrooe— s

— s R —2 v JH> - —{w =i
EJE 2 gl> v Jseedlle 3 s

 —HF —H & I ;1' e = i M i s o] =

40— 2 3 1oo—% % — |hooo—] = =

| = ] - % el o

s ed| %2 1 13— o o] = - <| =)

2 TN i = == - =]

%0y i o :‘ el — = -8 —

— v S o] — AR T3] i
9 Jess—w - -~ = - iy, A
e T s N e [ | [ A0
i Al =] — =7 — — s00— =
- ] =] = 50— -~ = o —

35— 12 50— & 1 | s00—] i =]
= 5 = e - 3 o= T ST e
A s = ] Sy E! =] — ]
. A BT o b R

- s 14—
30— — = Examhle
.~ == | Given: Saybolt time' = 100
LA =] =) To pimd : Pedwood time and Ewgler vumbey
= 2] — Saybolt timme 100 is tound im the’ center chart
=N ol = Read fra.:z:.? across and fFimd 85 on thescale o
=, 93] = Redwood titmes at the right, and 28 on the scalle
o} Emglevy numbers.

Fic. 6.—Chart for quick determination of Saybolt equivalents.

other oils which require heating facilities to reduce the viscosity
in order that the oil may be handled by the storage and burning
equipment. Class 2. Oils of a sufficiently low viscosity to make
heating equipment unnecessary. In general, an oil in Class 1
should not have a viscosity above 2,000° Engler at 60° F. Oils of
a higher viscosity than this can be used at plants provided with
special equipment. It is imperative that oils of this class be heated



’

PROPERTIES OF FUEL OIL 27

to a temperature at which they have a viscosity of 12° Engler or
lower before they reach the burner, in order to obtain proper
atomization. It is desirable that this viscosity be obtained at a
temperature below the flash point of the oil, in order to minimize
fire hazards and to insure uniform feed to the burner. For an
oil of Class 2, 12° Engler at 60° F. is the approximate maximum
viscosity permissible.

SPECIFIC GRAVITY

Fuel oils are commonly sold and described as of a certain
specific gravity or else as of a certain degree Baumé. Through-
out the oil-burner industry the Baumé reading is generally used.
The specific gravity of fuel oil.is the relation by weight of a given
volume of distilled water to the same volume of fuel oil when
both are weighed at a temperature of 60° F. The specific gravity
of fuel oil can be determined by the hydrostatic balance, by
hydrometers, and by the specific gravity bottle. Throughout the
oil industry the gravity as determined by the hydrometer is uni-
versally referred to. The principle of operation of the hydrom-
eter is based on the law that a solid body floating in a liquid will
displace a quantity of the liquid equal in weight to the floating
body. Hence a body of constant weight and proportion will al-
ways sink to the same extent into a liquid of a certain density and
will sink to a greater or less extent as the density decreases or
increases. Because when a liquid expands or contracts with tem-
perature, the density of the liquid varies accordingly, therefore,
when the hydrometer is cohstructed the scale must be standard-
ized for a certain temperature. As it is not always convenient
to have the liquid at the temperature for which the scale of the
hydrometer is arranged, it is often necessary to apply a correc-
tion for temperature variation.

The standard hydrometer used in the oil industry was evolved
by Baumé. Baumé’s hydrometer has an arbitrary scale. For
ligiids lighter than water, Baumé took for zero the point on the
stem to which the hydrometer sank in a solution of 10 parts of
salt and 90 of water. For the point 10 in the scale he took the
level to which the hydrometer sank in distilled water. The space
between the two marks he divided into 10 equal parts and called
each space a degrez and he continued the scale with the same inter-
vals between the marks. The proper method of manipulating a
hydrometer must be adhered to if accurate results are desired.
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The following instructions are in line with those given by the
U. S. Bureau of Standards.
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Fic. 7.—In.reading the hydrometer the line of sight should first strike slightly
below the plane of the oil surface (Left). The eye should then be slowly raised until
the line of sight grazes from beneath the surface of the oil (Right).

It is essential that before it is used the hydrometer shall be thor-
oughly cleaned and dried. The liquids to be tested should be
contained in clear, smooth, glass vessels of suitable size and shape.
Thorough mixing of the liquids is requisite, before the hydrom-
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eter test is made, by means of a stirrer that reaches to the bottom
of the vessel, so that! the liquid will be uniform in density and
temperature throughout. A perforated disc or a spiral at the
end of a sufficiently long rod will give the best results as the up
and down motion serves to disperse layers of the liquid of dif-
ferent density. The temperature of the surrounding atmosphere
should be taken into account also and the temperature of the
liquid being tested should be the same as the atmosphere, as
otherwise its temperature will be changing during the test, thus
causing not only differences in density, but also doubt as to the
actual temperature. The temperature of the hydrometer itself
should also be the same as that of the liquids being tested. When
immersing the hydrometer it should be slowly sunk into the liquid
slightly beyond the point where it floats naturally and then al-
lowed to float freely. Surface tension effects on hydrometer
observation are a consequence of the downward force exerted on
the stem by the curved surface of the liquid or ““meniscus” which
rises on the stem and which affects the depth of immersion and
consequent scale reading. The liquid for which the hydrometer
is intended must be specified, therefore, because a hydrometer will
indicate differently in two liquids having the same density, but
different surface tensions. Hydrometers may be compared with
each other if they are of equivalent dimensions, however, even if
the liquid used differs in surface tension from the specified liquid,
but comparisons of dissimilar instruments, in such liquid, must
be corrected for the effect of surface tension. Spontaneous
changes in surface tension occur in many liquids, due to the for-
mation of surface films of impurities, which may come from the
apparatus, the liquid, or the air. Errors from this source may be
avoided by the purification of the surface by overflowing imme-
diately before making the observation. Air bubbles must be
allowed to disappear from the surface of the liquid before taking
the scale reading. In reading the hydrometer scale, the eye is
brought to the height of the level surface of the liquid and the
point on the scale read, which appears to coincide with the level
surface. In reading the thermometer scale, the errors of parallax
are avoided by so placing the eye that near the'end of the mercury
column the portions on either side of the stem and that seen
through the capillary appear to lie in a straight line. (See fig. 7.)
The line of sight is then normal to the stem. The readings of the
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Baumé hydrometer may be changed to those of absolute specific
gravity as determined by a hydrostatic balance by the following
formulas which hold for oil and for all other liquids lighter than
water.

: ; 140
PRECHIESCipyif = 130 — Baumé reading
Baumé =t R — 130

Specific Gravity
Example: What is Baumé of oil specific gravity .8092?

140
8092
Table 7 gives the Baumé scale and specific gravity equivalents.

— 130 = 43° Baumé.

Frasmo Point

When oils are heated to a sufficiently high temperature, vapors
are driven off which are inflammable and which create the danger
of explosion. The temperature at which the oil gives off suffi-
cient vapor to form a momentary flash when a small flame is
brought near the surface of the oil is called the “flash point.” The
flash point is determined by heating the oil in a suitable device
and testing with a lighted taper or with a spark. There are two
types of flash testers, the open-cup and the closed-cup. There are
many makes of both types on the market. The most common
closed-cup testers are the New York State, the Pensky-Martens
and the Abel, and the most common open-cup testers are the
Tagliabue and the Cleveland. Figure 8 shows the Tagliabue
closed-cup tester® which may be operated with either gas or oil
to supply the ignition flame. The method of testing with the
standard “Tag” closed-cup tester as outlined by the American
Society for Testing Materials, Tentative Standards 1917, pages
445-6 are as follows:

The test must be performed in a dim light so as to see the
flash plainly. Surround the tester on three sides with an in-
closure to keep away drafts. A shield about 18 inches square
and 2 feet high, open in front, is satisfactory. See that tester
sets firmly and level. For accuracy, the flash point thermometers
which are especially designed for the instrument should be used

a. Bulletin D 898, C. J. Tagliabue Manufacturing Company.
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F1c. 8.—Tagliabue closed-cup tester. A. Thermometer, indicating the temperature
ot the oil. B. Thermometer, indicating the temperature of the water bath. C. A minia-
ture oil well to supply the test flame when gas is not available, mounted on the axle
about which the test-flame burner is rotated, which axle is hollow and provided with
connection on one end for gas hose and provided also with needle valve for controlling
gas supply, when gas is available, the gas passing through the empty-oil well. D. Gas
or oil tip for test flame. E. Cover for oil cap, provided with three openings, which are
in turn covered by a movable slide operated by a knurled hand knob, which also oper-
ates the test flame burner in unison with the movable slide, so that by turning this knob,
the test flame is lowered into the middle opening in the cover, at the same time that
this opening is uncovered by the movement of the slide. F. Oil cup (which cannot be
seen in the illustration) of standardized size, weight and shape, fitting into the top of
the water bath. G. Overflow spout. H. Water bath, of copper, fitting into the top of
the body, and provided with an overflow spout and opening in its top, to receive the oil
cup and water bath thermometer. J. Body, of metal, attached to substantial cast metal
base provided with three feet. K. Alcohol lamp for heating the water bath. L. Gas hose.
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Table 7.—BAUME SCALE AND SPECIFIC GRAVITY

EQUIVALENTS.2
Pounds Pounds Pounds
=B Specific in e BE Specific in 2B Specific in
Gravity | Gallon Gravity | Gallon Gravity | Gallon

10 1.000 8.33 37 | 0.8383| 6.99 64 | 0.7216 | 6.01
11 | 0.9929| 8.27 38 | 0.8333| 6.94 65 [ 0.7179 | 5.98
12 | 0.9859 | 8.21 39 | 0.8284| 6.90 66 | 0.7143 | 5.96
13 | 0.9790! 8.15 40 | 0.8235| 6.86 67 | 0.7107 | 5.92
14 | 0.9722| 8.10 41 | 0.8187 | 6.82 68 | 0.7071 | 5.89
15 | 0.9655| 8.04 42 | 0.8140| 6.78 69 | 0.7035| 5.86
16 | 0.9589 | 7.99 43,1 0.8092| 6.74 70 | 0.7000 ] 5.83
17 | 0.9524| 7.93 44 | 0.8046| 6.70 71 | 0.6965 | 5.80
18 | 0.9459 | 7.88 45 | 0.8000| 6.66 72 1 0.6931 | 5.77
19 | 0.9396 | 7.83 46 | 0.7955| 6.62 73 | 0.6897 | 5.74
20 | 0.9333| 7.77 47 | 0.7910| 6.59 74 | 0.6863 | 5.71
21 0.9272| 7.72 48 | 0.7865| 6.55 75 | 0.6829 | 5.69
22 | 0.9211| 7.67 49 | 0.7821 | 6.51 76 | 0.6796 | 5.66
23 | 0.9150| 7.62 50 | 0.7778 | 6.48 77 | 0.6763 | 5.63
24 | 0.9091| 7.57 51 | 0.7735| 6.44 78 | 0.6731 5.60
25 | 0.9032; 7.52 52 | 0.7692| 6.40 79 | 0.6699 | 5.58
26 | 0.8974| 7.47 53 | 0.7650| 6.37 80 | 0.6677 | 5.55
27 | 0.8917| 7.42 54 | 0.7609 | 6.33 81 | 0.6635| 5.52
28 | 0.8861 | .7.38 55 | 0.7568 | 6.30 82 | 0.6604 | 5.50
29 | 0.8805| 7.33 56 | 0.7527 | 6.27 83 | 0.6573| 5.47
30 | 0.8750 | 7.29 57 | 0.7487 | 6.23 84 | 0.6542 | 5.45
31 | 0.8696 | 7.24 58 | 0.7447| 6.20 85 | 0.6512| 5.42
32 | 0.8642| 7.20 59 | 0.7407| 6.17 86 { 0.6482 1 5.40
33 | 0.8589! 7.15 60 | 0.7368| 6.13 87 | 0.6452| 5.37
34 | 0.8537| 7.11 61 | 0.7330| 6.10 88 | 0.6422 | 5.35
35 | 0.8485| 7.07 62 | 0.7292| 6.07 89 | 0.6393 | 5.32
36 | 0.8434| 7.02 63 | 0.7254| 6.04 90 | 0.6364 | 5.30

as the position of the bulb of the thermometer in the oil cup is
essential. Put the water-bath thermometer in place. Place a
receptacle under the overflow spout to catch the overflow. Fill
the water bath with water at such a temperature that when test-
ing is started, the temperature of the water bath will be at least
10° C. below the probable flash point of the oil to be tested. Put
the oil cup in place in the water bath. Measure 50 c.c. of the oil
‘o be tested in a pipet or a graduate and place in oil cup. The
temperature of the oil must be at least 10° C. below its probable
flash point when testing is started.  Destroy any bubbles on the
surface of the oil. Put on cover with flash point thermometers
in place and gas tube attached. Light pilot light on cover and
adjust flame to size of the small white bead on cover. Light

a. U. S. Bureau of Standards, United States Standard Tables for Petros
leum Oils, Circular 57, 1916, p. 57.

Note.—Degrees Baume may be converted to specific gravity by adding
130 to the number of degrees Baume and dividing the sum by 140.
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and place the heating lamp, filled with alcohol, in base of tester
and see that it is centrally located. Adjust flame of alcohol lamp
so that temperature of oil in cup rises at the rate of about 1° C.
(1.8° F.) per minute or not faster than 1° C. (1.8° F.) nor slower
than 0.9° C. (1.6° F.) per minute. Record the “time of applying
the heating lamp,” record the “temperature of the water bath at
start,” record the “temperature of the oil sample at start.” When
the temperature of the oil reaches about 5° C. below the probable
flash point of the oil, turn the knob on the cover so as to introduce
the test flame into the cup and turn it promptly back again. Do
not let it snap back. The time consumed in turning the knob
down and back should be about one full second, or the time re-
quired to pronounce distinctly the words “one thousand and one.”
Record the “time of making the first introduction of the test
flame” and record the “temperature of the oil sample at time of
first test.”” Repeat the application of the test flame at every
0.5° C. rise in temperature of the oil until there is a flash of the
oil within the cup. Do not be misled by an enlargement of the
test flame or halo around it when entered into the cup or by
slight flickering of the flame; the true flash consumes the gas in
the top of the cup and causes a very slight puff. Record the
“time at which the flash point is reached,” and the “flash point.”
If the rise in temperature of the oil from the “time of making
the first introduction of the test flame” to the “time at which the
flash point is reached” was faster than 1.1° C. or slower than
0.9° C. per minute, the test should be questioned and the alcohol
heating lamp adjusted so as to cotrect the rate of heating. It will
be found that the wick of this lamp can be so accurately adjusted
as to give a uniform rate of rise in temperature of 1° C per min-
ute and remain so.

Repeat Tests—It is not necessary to turn off the test flame
with the small regulating valve on the cover, but leave it adjusted
to give the proper size of flame. Having completed the prelim-
inary test, remove the heating lamp, lift up the oil cup cover and
wipe off the thermometer bulb. Lift out the oil cup and empecy
and carefully wipe it. Throw away all oil samples atter once
using in making test. Pour cold water into the water bath, allow-
ing it to overflow into the receptacle until the temperature of the
water in the bath is lowered to 8° C. below the flash point of the
oi! as shown by the previous test. With cold water of nearly
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constant temperature it will be found that a uniform amount will
be required to reduce the temperature of the water bath to the
required point. Place the oil cup back in the bath and measure
into it a 50 cc charge of fresh oil. Destroy any bubbles on the
surface of the oil, put on the cover with its thermometer, put
in the heating lamp, record time and temperature of oil and water
and proceed to repeat test as described above. Introduce test
flame for first time at a temperature of 5° C. below flash point
obtained on the previous test.

Precautions.—DBe sure to record barometric pressure either
from laboratory barometer or from nearest Weather Bureau Sta-
tion. Record temperature of room. Note and record any flicker-
ing of the test flame or slight preliminary flashes when the test
flame is introduced into the cup before the proper flash occurs.
Record time and temperature of such flickers or slight flashes if
they occur. ’

With the Cleveland open-cup tester, the oil is poured into the
oil cup within 5 mm. of the top. The flame is then applied to
the air bath in such manner that the temperature of the oil in the
cup is raised at the rate of 5° C. per minute. The testing flame
is made from a piece of drawn glass tubing, making a flame about
5 mm. in length. This flame is applied to the surface of the oil
every half minute. A distinct flicker or flash over the entire
surface of the oil shows that the flash point is reached and the
temperature at this time is recorded.

Table 8. —~CONVERSION OF BAROMETRIC PRESSURE IN CENTI-
METERS TO INCHES.

77 | 30.315| 30.354| 30.394 30f433| 30.472| 30.512

Table 8 gives figures for the conversion of barometric pres-
sure in centimeters to inches® and Table 9 gives corrections of the
flash point for normal barometric pressure.®

a,; Bulletin No. 15, Kansas City Testing Laboratory, page 317.

e
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BurNinG PoiNT

The burning point of fuel oil is the temperature at which
the vapor arising from the surface of the oil ignites and burns
continuously. It is obtained both with the closed and ‘open-cup
tester by continuing the flash point test and noting the tempera-
ture at which the vapor gives a continuous flame.

Closed-cup testers are considered to give more reliable results
for flash point determinations than do open-cup testers, because
they permit, better control of the rate of heat, uniformity of
mixing the oil and exclusion of drafts. With a closed-cup tester
lower results are always obtained than with open-cup testers,
because the inflammable vapors given off by the oil are concen-
trated.

CALORIFIC VALUE

In order to make a comparison between fuels, it is necessary
to know the amount of heat which a given quantity of the fuel
will give off when burned. The amount of heat which a given
quantity of a fuel gives off is known as the calorific value or heat
value. The standard measure of heat in this country is the British
thermal unit. One British thermal unit is the amount of heat
necessary to raise one pound of pure water from 62° I to 63° .
It is possible to calculate the calorific value of a fuel from its
elementary composition, but calculations which are based upon
the ultimate analysis of a sample may be very misleading because
the heat of combustion is dependent upon the state of combination
of the elements in the substance, and is never equal to the sum of
those of its elements taken proportionately.

Determination of the calorific value of fuels is made by means
of a calorimeter. In a calorimeter a weighed amount of fuel is
completely burned, and the heat generated by the combustion is
absorbed by a fixed weight of water, the amount of heat being
calculated from the increase in the temperature of the water.
A calorimeter, which has been accepted as the best for such
work, is one in which the fuel is burned in a steel bomb filled
with compressed oxygen. The function of the oxygen, which is
ordinarily under a pressure of about 25 atmospheres, is to cause
the rapid and complete combustion of the fuel sample. The fuel
is ignited by means of an electric current, allowance being made
for the heat produced by such currents and by the burning of
the fuse wire. Among the standard calorimeters used are the



36 FUEL OIL IN INDUSTRY

Atwater, Mahler and Kroeker bombs. Fig. 9 shows the Mahler
calorimeter. The apparatus consists of: A water jacket, A,
which maintains constant conditions outside of the calorimeter
proper, and thus makes possible a more accurate computation of
radiation losses; the porcelain-lined steel bomb, B, in which the
combustion of the fuel takes place in compressed oxygen; the
platinum pan, C, for holding the fuel; the calorimeter proper, D,
surrounding the bomb and containing a definite weighed amount
of water; an electrode, E, connecting with the fuse wire, F, for

Tablé 9.—CORRECTIONS OF FLASH POINT FOR NORMAL
BAROMETRIC PRESSURES.

To correct readings made at other pressures to the standard barometric
pressure of 760 mm.

Barometer Correction Barometer Correction
Millimeters. Degrees C. Millimeters. Degrees C
700 — 2.1 750 .3
705 — L 755 — .2
710 el 760 0
715 — 1.6
720 — 1.4 o
725 — 1.2 765 + .2
730 — 1.0 770 + .4
735 — .9 775 ST R0
740 — .7 780 + .7
745 =R 785 SIEEL10),

igniting the fuel placed in the pan, C; a support, G, for a water
agitator ; a thermometer, I, for temperature determination of the
water in the calorimeter. The thermometer is best supported by
a stand independent of the calorimeter, so that it may not be
moved by tremors in the parts of the calorimeter, which would
render the making of readings difficult. To insure accuracy
readings should be made through a telescope or eyeglass; a spring
and screw device for revolving the agitator; a level, L, by the
movement of which the agitator is revolved; a pressure gage, M,
for noting the pressure of the oxygen admitted to the bomb.
Between 20 and 25 atmospheres are ordinarily employed; an
oxygen tank, O; and a battery or batteries, P, the current from
which heats the fuse wire used to ignite the fuel.

The description of the operation of one bomb calorimeter is
typical of all of them®. The lower half of the bomb is placed in

a. Bulletin No. 15, Kansas City Testing Laboratory.
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the cast iron holder, About one gram of the oil is weighed to
the nearest 0.0001 gram into the fuel pan and is placed in the
bomb on the fuel pan holder. If the oil is volatile it is not
advisable to pour the fuel directly into the fuel pan. For this
purpose small gelatine capsules weighing .1 gm. are used and inay
be filled with ignited asbestos and into this the light oil is dis-
charged from a weighing pipet. The capsule is immediately
closed, leaving a minimum amount of air space. A similar capsule
has been previously weighed and its calorific value determined. A
stock of standardized capsules should be kept on hand in an air-
tight receptacle! . The platinum fuse wire is cut equal in length
to the taper pin wrench, which is connected to the terminal, being
careful that it does not touch the pan. The wire is bent down
so that it is covered by the oil or by the lips of the capsule. The
upper half of the bomb is carefully fitted on the lead gasket to the
lower half.  The nut is screwed down over the upper half, being
careful not to cross the threads. The bomb nut is now tightened
by the use of the long wrench, being careful to cause no sudden
jerking or vibrating which will throw the oil from the pan. The
bomb is now carefully lifted out and placed on the swivel table
and connected with the oxygen piping. The valve in the top of
the bomb is opened about one turn and the valve in the
oxygen cylinder is carefully and slowly opened so that the pres-
sure in the bomb as shown by the indicator rises to 300 pounds.
The bomb valve is now closed and the oxygen cylinder valve is
closed. Exactly 1,900 grams of water at a temperature of about
4° below room temperature is weighed into the calorimeter water
bucket. This is placed in the calorimeter container. The bomb
is connected with the electric wire and is introduced into the
water, being careful to place it in the center of the bucket. Two
100 watt lamps placed in parallel are in series with the fuse wire
when a 110 volt circuit is used for firing. The stirring motor is
placed in series with a 60 watt lamp on a 110 volt circuit. The
cover is put on, the connections to the bomb wire are made and
the stirrer is introduced as far down as it will go. It should not
touch the bomb. The thermometer is introduced and stirring is
continued for about 5 minutes. The temperature is.read and the
stirring continued for exactly 5 minutes and the temperature is
again read and the charge is fired by quickly throwing in the
switch and withdrawing it. The stirring is continued for 5 min-
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utes, the temperature being read at minute intervals or at the end
of 5 minutes, unless extreme accuracy is required, The stirrer is
then run for an additional 5 minutes and the temperature is again
read. The thermometer is corrected in accordance with the cor-
rections furnished by the Bureau of Standards. The radiation
corrections may be applied to each one-minute interval, but for

Fic. 9.—The Maller calorimeter,

ordinary purposes 1/5 of the radiation for the 3-minute period
before firing is applied on the 3-minute period immediately after
firing and 4/3 of the radiation in the third 5-minute period is
applied on the 5-minute period immediately after firing. The
calorimeter constant (usually about 2,400) is determined by a
blank test using exactly 1 gram of benzoic acid. This constant
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always remains the same with the same calorimeter, but must be
determined each time a change is made in the calorimeter. In the
case of oil in which it has been necessary to use the capsule the
correction made must' be applied for the calorific value of the
capsule.” This is most conveniently applied to the corrected net
rise in temperature of the thermometer. To convert British
thermal units per pound to calories per gram, multiply by .5/9.
To obtain the water evaporative power, multiply the B.t.u. per
pound by 1.035. To obtain the B.t.u. per gallon, multiply the
B.t.u. per pound by the weight per gallon. An approximation of
the heating value of fuel oil can be ohtained by the following -
formula:
B.t.u. in lbs. per gallon = 18700 4- 40 (°Bé — 10).

A standard of 18500 B.t.u. to the pound of pure fuel oil is
a good figure to be taken as a basis if the fuel oil is to be
purchased on calorific determinations. A bonus may be paid for
calorific value in excess of this figure and deductions made if
the heat value of the fuel is below 18,500 B.t.u.’s per pound. The
heat value of fuels is measured by the number of British thermal
units contained in one pound of the fuel and this statement fur-
nishes a direct comparison between fuels. Table 10 gives the
calorific values of various oils.?

WATER CONTENT

TFuel oil should not contain more than 2 per cent by volume
of water and sediment. The method of determining the amount
of water and sediment in fuel oil is as follows: “A definite
volume of the oil sample should be thoroughly shaken or ‘cut’
with an equal volume of gasoline of a specific gravity not greater
than 0.74, and centrifuged. An appropriate tube that goes with
a special machine is commonly used for this purpose. (See
fig. 10).> Centrifuging should be continued until there is a clear
line of demarcation between the water and sediment and oil in
the bottom of the tube, and until a constant reading of water and
sediment is obtained. From this reading the percentage by
volume of water and sediment is computed. If the oil under
consideration has a specific gravity greater than 0.96 one volume
of oil to three volumes of gasoline should be used rather than
equal volumes. When there is a question that the gasoline used

a. Fuel Oil and Its Uses, Tate-Jones and Company, Inc.
b. Courtesy of C. J. Tagliabue Company. :
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for thinning the oil in making this determination renders insoluble
certain of its fuel constituents, then mixtures of gasoline and
carbon disulphide, or of gasoline and benzol may be used for
“cutting,” providing the specific gravity of such mixtures is not
greater than 0.74. If, after continued centrifuging, a clear line
of demarcation between the impurities and the oll is not obtain-
able, the uppermost line should be read. If this procedure proves
unsatisfactory, 100 C.C. of the sample may be distilled with an
excess of hydrocarbons saturated with water and having boiling
points slightly above and below that of water. Distillation is
continued until all of the water has been distilled over into a
graduated tube. The water in the oil is thus distilled over and
readily collects at the bottom of this tube, where the percentage

Fic. 10.—An electrically driven
centrifuge.

may be read off. The percentage of sediment in the oil may then
be determined on the sample remaining in the distilling flask by
“cutting” it with gasoline and centrifuging. The percentage of
water obtained in the tube added to the percentage of sediment
gives a total percentage to be deducted for moisture and
impurities.
SuLPHUR CONTENT

Appreciable sulphur content in a fuel oil is objectionable.
However, a content of 4 per cent or less is not sufficiently objec-
tionable to cause the rejection of a fuel oil for general purposes.
(In general, experiments in burning fuel oils of various sulphur
content have shown that the corrosive effects on the boiler tubes
or heating surfaces are negligible. However, with steel stacks and
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low stack-gas temperatures, considerable corrosion in the stack
In handling these oils, prior to burning, the
corrosive action of the sulphur on steel storage tanks, piping, etc.,

has been noted.)

is quite apparent and should be considered.

If the oil is to be

used for special metallurgical or other purposes where sulphur
fumes are decidedly objectionable, it is necessary to specifyv a

limiting figure for the sulphur content of the oil.

The sulphur

Table 10—CALORIFIC VALUES OF VARIOUS OILS".

A Pounds [Calculated |Calculated
Beaume® | Specific ina B.T.U. B.T.U. Remarks .
Gravity ) Gallon per Pound | per Gallon
14 L9722 8.10 18810 | 152361
15 . 9655 8.05 18850 | 151743
16 . 9589 7.99 | 18890 | 150931
17 .9523 7.94 | 18930 | 150304 | |Mexico, California,
Texas and Kansas

18 . 9459 7.88 18970 | 149484 Crudes and Fuel Oil.
19 .9395 7.83 19010 | 148848
20 .9333 7.78 19050 | 148209
21 L9271 7.73 19090 | 147506
22 .9210 7.68 19130 | 146918

23 .9150 7.63 19170 | 146267
24 . 9090 7.58 19210 | 145612
25 . 9032 7.54 19250 | 145145
26 .8974 7.49 19290 | 144482
27 8917 7.44 19330 | 143815
28 . 8860 7.39 19370 | 143144
29 . 8805 7.34 19410 | 142269 Kansas, Oklahoma

: and Illinois Crudes,
30 . 8750 7.29 19450 | 141790 Pennsylvania Fuel Oil,
- California Refined

31 .8695 - 7.25 19490 | 141303 Fuel Oil.
32 . 8641 7.21 19530 | 140811 -
33 .8588 7 16 19570 | 140121
34 . .8536 7.12 19610 139623___
35 . 8484 7.07 19650 | 138926

a.

Fuel Oil and Its Use, Tate-Jones & Co., Inc.
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Table 10.—CALORIFIC VALUES OF VARIOUS OILS.—Continucd.

T Pounds Calculated | Calculated ;
Beaume® Gp it ina BT 135510100 Remarks
FayLly. Gallon | per Pound | per Gallon
36 . 8433 7.03 19690 | 138421
37 . 8383 6.99 19730 | 137913
38 . 8333 6.95 19770 | 137402
39 8284 | 6.91 | 19810 | 136887 ||Ohio, Pennsylvania and
Y ¢ \é’est Virginia (Ij{rudes.
alifornia and Kansas
40 . 8235 6.87 19850 | 136370 RAnned!
41 . 8187 6.83 19890 | 135849
42 .8139 6.80 19930 | 135524
43 . 8092 6.76 19970 | 134997
44 .8045 6.72 20010 | 134367
45 . 8000 6.68 20050 | 133934
46 . 7954 6.64 | 20090 | 133398
47 . 7909 6.60 20130 | 132858
48 .7865 6.57 | 20170 | 132517 |{Kerosene and Gasoline.
. 1
49 .7821 6.53 | 20210 | 131971 1
50 7777 | 6.49 | 20250 | 131423 | r
‘ Lo A ——

content can be determined in the bomb calorimeter after the
calorific value has been determined. The calorimeter is opened
by gradually allowing the pressure to diminish and the bomb is
carefully and thoroughly washed out with distilled water. The
pan is placed in the beaker with the washings and about 10 cc.
of hydrochloric acid is added. The contents of the beaker are
treated with bromine, heated to boiling temperature for about 10
minutes, filtered and washed and the sulphur in the filtrate precipi-
tated with 10 cc. of barium chloride solution. The precipitated
barium sulphate is filtered, washed and weighed in the usual man-
ner. The weight of the barium sulphate X 13,733 and divided by
oil.

Fuel oil in this country is purchased by volume and not by
weight.. Table 10 shows that a gallon of oil of high specific
gravity has a higher calorific value than a gallon of oil of low
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specific gravity. This fact should be remembered by users of
oil fuel, because in buying fuel calorific value is sought. Indi-
vidual conditions and requirements at the points of consumption
influence to a large degree the specifications for viscosity, flash
point and sulphur content. Definite specifications can be drawn
for a fuel oil which will meet practically all requirements, but it
can readily be seen that such specifications will exclude much of
the fuel oil now available, and for most purposes the requirements
need not be severe. Hence, it is advised that in purchasing fuel
oil the individual requirements be studied, and that as lenient
specifications as possible be written, which will insure an oil that
will be satisfactory for the conditions for which it is intended.



CHAPTER III

COMPARISON OF COAL AND FUEL OIL

The term “Coal” as applied to fuel is very loosely used. The
word is applied to a variety of substances ranging from turf
through peat, lignite, semi-bituminous and bituminous coals to
anthracite. It is obvious that no comparison can be drawn
between coal and any other fuel unless the specifications of the
coal are stated. The value of the chemical analysis of a sample
of a given coal to an engineer, power-plant superintendent, or coal
dealer, is a matter that has given rise to much discussion. The
general weight of opinion seems to be that an analysis is often of
the highest value, and that the time and labor involved in making
it are‘'well spent. However, it is clear that analyses are of greater
value to some engineers or users of coal than to others; and that,
at the present time, they cannot entirely supplant in all cases the
information to be obtained from carefully conducted tests in
boiler furnaces but should supplement such information, when the
latter is obtainable. .

" In the testing of coals in the Government service the chief
difficulties in the way of accepting or rejecting untried coals on
the basis of chemical analyses alone have proved to be as follows:

(1) An ordinary analysis of a coal shows the percentage of
ash, but does not indicate the extent to which this ash may fuse
or slag on the grate bars of the furnace, and thus seriously inter-
fere with the rate and completeness of the combustion. Though
progress has been made toward the determination of the liability
to clinker, through a study of the composition of the ash, the
results obtained are not as yet altogether satisfactory.

(2) There seems to be a variability in the heating value of
the volatile matter in the coal, which is not clearly indicated by
the percentage of the volatile matter, as determined either by the
usual methods, or by the ordinary calorimetric determinations.

(3) The caking of the surface coal in the fire box appears
to interfere with the draft, and hence, with the rate and complete-
ness of the combustion, and, therefore, impairs the fuel value of
the coal to a degree that is not ordinarily indicated by chemical
analyses.

<
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For all practical purposes the coal produced in the United
States may be divided into three classes, anthracite, bituminous
and lignite. The great bulk of the country’s coal supply, however,
is bituminous or soft coal. Table 11 shows the production of coal
in recent years in the United States

Fi1G. 11.—Bedded impurities in a seam of Illinois coal.

Table 11.—Pi{ODUCTION OF COAL IN UNITED STATES.

Total Bituminouns { Anthracite

Year (In thojusands of grojss tons)

1909-13 (5 year average). ....... L e ¢ 457,716 380,515 77,201
BEU AN ) o R R k- R LA A L F R 458,505 377,414 81,091
B RSN o7 e S R TG S et i e e = 474,660 395,200 79,460
FO1 6T ol S 1A AN i Ry = 526,873 448,678 | 78,195
) B0 T o e - MR e P WA o B 2 MRt 581,609 492,670 88,939
F O] SRS ETE b S fhers L AN IR 605,546 517,309 88,237
L ORGSR S ey 10 e e A R 508,000 432,000 76,000

Bituminous is the chief steam coal and when comparisons are
made between coal and fuel oil, bituminous coal is used as a basis.
Bituminous coal deposits are almost always underlain by fire
clay and almost always are overlain by a stratum of shale. The
fire clay is the residuum of the original soil in which grew the
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luxuriant vegetation that supplied the material for the coal seams.
When the swamps id which this vegetation grew subsided and
when the water covering them grew deeper, a fine silt was de-
posited and this silt through pressure became the shale of today.
In addition to the impurities such as bands of clay, shale or
pyrites which, as shown in fig. 11, are found in the coal itself
as it lies in the seam, the method of mining employed in the United
States is responsible for the addition to the coal of fire clay from
the floor and shale from the roof. A sample of coal taken at the
face of a mine is only roughly indicative of the coal loaded in
railroad cars at that mine. Although theoretically all pieces of
fire clay, shale and pyrites or iron sulphide, are hand picked by
the miner and thrown to one side, in practice great quantities
of these impurities are loaded out by the miner and appear at
the tipple on the surface. Inasmuch as these impurities are
usually of small size, a greater percentage of impurity will be
found in the small sizes of coal and the screenings or slack coal
will contain a very high percentage of impurities. This is well
iltustrated in fig. 12, which shows thie size elements of commercial
2-inch screenings and the size elements of 174-inch screenings.
Of the 2-inch screenings, 66.8 per cent passed through a 1-inch
screen, 41.1 per cent through a 4-inch, and 269 through a
14-inch. Of the 124-inch screenings, 95.5 per cent passed through
a l-inch screen, 57.6 through a -inch, and 37.6 through a
Y-inch. (See fig. 13.)*

The sizes larger than screenings are used for domestic and
special purposes. The screenings or slack coal are used for steam
purposes, inasmuch as sized coal is much too expensive to be
burned under industrial boilers. Slack coal which contains as low
as 12 per cent ash is of extremely good quality.and in practice
many slack coals are burned which carry as high as 25 per
cent ash.

Illinois is a representative industrial state. The varieties of
fuel used in Illinois power plants are central bituminous coal, as
represented by those of the coal fields of Illinois, Western Ken-
tucky and Indiana and eastern bituminous and semi-bituminous
or soft coals from the Pennsylvania, West Virginia and Eastern
Kentucky fields. All of these coals are composed of the following
materials in varying proportions:

a. Proceedings of the Ninth Annual Convention of the International Railway
Fucl Asscociation, 1917, p. 133.
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(1) Solid or fixed carbon which burns with a glow and
without flame.

(2) Gases or volatile materials which escape from the coal
when it is heated and which burn with a flame.

(3) Gases or volatile matter and water which escape from
the coal when it is heated and which do not burn.

(4) Ash or mineral matter which does not burn and which
remains as ashes after the coal is burned. ;

The bituminous coals of the central field (Illinois type) con-
tain from 40 to 55 per cent of fixed carbon, 10 to 25 per cent of
combustible gas, 5 to 15 per cent of non-combustible gas, 8 to 15
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F1G. 13.—DPercentage of weight of coal which passes thirough the various screens.

per cent of moisture, and 8 to 15 per cent of ash. When improp-
erly fired or burned in furnaces'not adapted to their use, central
bituminous coals give off so large an amount of sooty material
that flues are often quickly clogged. These unconsumed volatile
products also represent a direct loss of heat value. Coals of the
Illinis, type ignite easily and burn freely.

The moisture arid non-combustible gases present in all coals
are detected only by chemical analysis. They not only do not
produce heat, but represent a definite loss because they absorb
and carry off heat which would otherwise be available for useful
purposes. The term moisture in coal does not mean the water
adhering to the surface of the lumps, but that contained within
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the pores of the coal. A coal containing a high percentage of
moisture by analysis may appear perfectly dry.

The ash content of different coals varies greatly. Ash is
non-combustible mineral matter, which not only has no heating
vaiue, and therefore, represents a portion of the coal from which
no return is received, but it may hinder the free burning of the
combustible components of the coal. If the ash contains certain
mineral substances, it may by clinkering greatly interfere with
the process of firing and with the cleaning of grates. The ash
normally is removed through the ashpit into which often passes
also a certain amount of unburned coal. For this reason the
amount of ashes removed from the pit usually represents a larger
percentage of the fuel fired than the analysis of the ash content
indicates. ;

The eastern bituminous coals contain from 5 to 10 per cent
of ash, from 25 to 35 per cent of combustible gases, from 2 to 5
per cent of moisture and non-combustible gases, and from 55 to 65
per cent of solid carbon. They are more generally of the coking
variety than are the Middle West coals. In general, they are
higher in heating value and lower in ash. They are more friable
and are not so well suited for transportation and repeated hand-
ling as are many of the central bituminous coals.

Table 12 gives the analysis of these coals.

Table 12—ANALYSES OF COALS OF ILLINOIS, INDIANA AND
WESTERN KENTUCKY .2

(Figures are for face samples and for coal ‘“‘as received.”)
ILLINOIS (AVERAGE ANALYSES).

B.t.u.
Coal Volatile | Fixed (H;a"c"ing
District Bed |Moisture | Matter | Carbon Ash Value)
PaSallett A e s 2 16.18 | 38.83 | 37.89 7.08 10,981
Murphysboro........... 2 9.28 | 33.98 | 51.02 | 5.72 | 12,488

Rock Island and

Mercer Counties. . . . ..
Springfield-Peoria. ... ...
Saline County..........
Franklin and Williamson

Counties i onmy=a
Southwestern Illinois. . .
Danville; Grape Creek

13.46 | 38.16 | 39.75 | 8.63 | 11,036
15.10 | 36.79 | 37.59 | 10.53 | 10,514
6.75 | 35.49 | 48.72 | 9.04 | 12,276

9.21 | 34.00 | 48.08 | 8.71 | 11,825
12.56 | 38.05 | 39.06 | 10.33 | 10,847

14.45 | 35.88 | 40.33 | 9.34 | 10,919
12.99 | 38.29 | 38.75 | 9.98 | 11,143

co
Danville; Danville coal. .

o oo Gtonm

a. Engineering Experiment Station, University of Illinois, Fuel Economy in the
Operation of Hand Fired Power Plants.
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INDIANA (TYPICAL ANALYSES).

1ol TR y

T Coal f Volatile | Fixed (Heating
District Bed |Moisture| Matter | Carbon Ash | Value)

@BlayACounby i S Rt (Brazil [

block) | 15.38 | 32.66 | 46.08  5.88 | 11,680

GreeniCounty . ¢~ F53 v 13.53 | 33.54 | 45.38 7255 } 11,738

Green County......... v 10.30 | 36.31 | 41.64 | 11.75 | 11,218

Sullivan County. ....... v 12.15 | 33.48 | 46.23 | 8.14 | 11,722

Sullivan County........ Vv 12.14 | 35.17 | 43.73 | 8.96 | 11,516

Sullivan County. ....... VI 14.86 | 31.65 | 46.14 | 7.35 ! 11,324

KENTUCKY (AVERAGE OF COMPOSITE SAMPLES).

Coal ‘ Volatile | Fixed ' (Heatiny
District Bed Mmsture} Matter | Carbon ‘ Ash Value)
I 9 8 17 [ 36.82 | 45.17 9.83 | 11,867
j bl 38.28 | 45.28 9.11 | 12,056
12 9 6 I3
|

4.86 46.46] 9.01 | 11,695

“As received” samples represent the coal as taken from the mine. It is probable
:1hat1 the values given are tairly representative of the coal as purchased from local
ealers.

Moisture in coal represents an appreciable loss in economy
inasmuch as the coal may carry 16 per cent moisture and the heat
required to evaporate it must be furnished by the coal itself, thus
decreasing the amount available to heat water in the boiler. In
excellent practice the per cent of the calorific value of coal as
fired, which is lost by the evaporation of free moisture, is given
by Gebhardt* as 0.5 per cent; in average practice, 0.6 per cent:
and in poor practice, 0.7 per cent.

Tig. 14 is a chart® prepared by Mr. Joseph Harrington, com-
bustion engineer, showing the influence of moisture in coal on
its evaporative power as a fuel. With a moisture content of 30
per cent, slightly more than 10,000 heat units out of a total of
15,000 are available.

It is obvious that ash is simply a diluting material, but never-
theless when slack coal is burned the ash content of the coal has
been transported from the mine to the industrial plant, which
may be hundreds of miles away. Ireight for the ash and mois-
ture content of slack coal must be paid for, although they are not
only of no value, but actually are an added expense in operation.
(See fig. 15.) The loss of coal through the grates is a serious
item. The refuse from a fuel is that portion which falls into the

a. Gebhardt, Steam Power Plant Engineering p. 65.
b. Hays School of Combustion, Instruction Book Number Two, page 12.
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pit in the form of ashes, unburned or partially burned fuel and
cinders. In steam boiler practice the unconsumed carbon in the
ash pit ranges from 15 to 50 per cent of the total weight of dry
refuse depending upon the size and quality of coal, type of grate
and rate of driving. The loss resulting from this waste of fuel
ranges from 1.5 to 10 per cent or more, of the heat value of the
fuel. It is impossible to assign a minimum value because of the
various influencing factors, but numerous tests of recent installa-
tions, equipped with mechanical stokers, indicate that actual loss
ranges from 1.5 to 5 per cent of the heat value of the fuel at
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F1c. 14.—Influence of moisture in coal on evaporative power of the fuel.

normal driving rates. Coal which necessitates frequent slicing is
apt to give greater losses from this cause than a free burning coal.

The losses of B.t.u. due to the combustible matter in the
refuse per pound of coal as fired may be calculated by the follow-
ing formula:

€
LT 14600
)

Where A = chemical ash in coal
C = percentage of combustible matter in the refuse.
14600 = calorific value in B.t.u. of one lb. of carbon burned
to CO,.

At a coal-burning installation a continuous 24-hour full load



52 FUEL OIL IN INDUSTRY

test may show that 80 per cent of the heat of the coal is absorbed
by the boiler, but when the heat represented by a month’s evap-
oration is divided by the heat of the coal fed to the furnace during
the same period the efficiency may drop to 70 per cent or lower.
In an eight-hour day plant the fires must be banked at the con-
clusion of the day’s run and this banking occasions a fuel loss
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4

10 20 30
Per Cent of Ash in Dry Coal

Fic. 15.—Irfluence of ash on fuel value of dry coal.

which is obviated when oil is used. Table 13 gives the coal
burned during banking periods:

In hand-fired boilers another loss is occasioned by the opening
of the fire box door, which admits a great inrush of cold air,
reducing fire box temperatures and preventing the complete com-
bustion of carbon so that the loss of heat units through the stack
is greately increased.



COMPARISON OF COAL AND FUEL OIL 53

PuLveErizep CoaL

To overcome the obvious disadvantages in burning raw coal
screenings, the idea was cenceived of pulverizing the coal and
introducing the pulverized coal into the furnace by air pressure.
The early attempts to burn pulverized coal under stationary boilers
were unsuccessful because the coal was not thoroughly dried and
was not pulverized finely enough. In introducing the powdered
coal into the furnace, too high pressures were used, resulting in a
blow-pipe effect creating zones in the furnace in which the gases
had high velocity. The impingement of these gases against the
refractories caused a serious erosive action. Later experiments
showed that seven feet per second is the maximum velocy which
can be maintained without destruction of the refractories. The

Table 13.—COAL BURNED DURING BANKING PERIODS.2

Coal Fed to Fur-
Rated Ratio Hours nace, Lb. per Boi-
Capacity Kind of Stoker |Heating to| Kind of Coal |Banked lerHp.-Hr.
of Boiler Grate
Surface A B ] C
250 [Stationary grate 35 Buckwheat 8 10.2010.35]......
500 Chain grate 65 Bit. scrg. 13 | 0.40| 0.52 | 1000
350 Chain grate 40 .| Bit. No. 3 9 [ 0.32] 0.62 | 1600
250 Chain grate 48 Bit. scrg. 7 10.35]| 0.71 { 1450
1200 Underfeed 82 Bit. scrg. 10 | 0.18 | 0.20 | 2600
550 Underfeed 66 Bit. scrg. 9 |0.29( 0.37| 1165
150 [Stationary grate 40 |Bit.minerun| 12 | 0.58| 0.69| 560
75 |Stationary grate 48 Poc. lump 12 | 0.81] 0.95| 300
400 Murphy 52 Bit. scrg. 13 10.261 0.33 | 1350

(A) Coal fired during banking period.

(B) Coal fed to furnace during baking period including that required to put
boiler into service at end of banking period.

(C) Coal fed to furnace to put cold boiler into service, pound.

object of pulverizing the coll is to make a more complete mixture
of the coal particles with the air in order that complete combus-
tion may be obtained with a low percentage of excess air. All
grades of coal can be burned in pulverized form with high
efficiency, regardless of the percentage of ash. The additional
cost of pulverizing the coal is, however, an important item. In
an address recently delivered before the American Society of
Mechanical Engineers, Mr. H. B. Barnhurst, chief engineer of
the Fuller Engineering Company, gave the following estimate
of the cost of pulverizing coal:

a. Gebhardt, Steam Power Plant Engineering, p. 72.
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“The following cost of pulverizing is made of a number of
items as follows: Power, repairs, drier fuel and labor. The first
two items are nearly constant. The drier fuel will vary slightly,
according to the price at which coal is received. The cost of labor
diminishes as the quantity of coal increases. In the following
table the power is assumed as costing 34-cent per kw-hr. Repairs
at 7 cents per net ton. The dried fuel is based on coal at $5 per
net ton delivered with an average moisture content of 7 per cent,
assuming that 6 per cent of moisture would be driven off per
pound of coal in the drier. The furnace labor is assumed at 50
cents per hour.” :

COST OF PULVERIZING AND DELIVERING THE PULVERIZED
FUEL TO BOILER FURNACES.

Dail
Capac%icy Cost of Number Repairs Drier Power Cost of
in Tons Labor Labor Hours | Fuel Pulverizing
20 30c : 12 7c 6c 13 56¢
30 30c 18 7c 6c 13 56¢
40 25¢ 22 7c 6¢ 13 5lc
80 20c¢ [ 32 RSO 6c 13 46¢
120 18¢ 42 7c 6¢ 13 44c¢
160 17¢ 48 7c 6c 13 43¢
240 13c 62 7c 6¢ 13 39¢
320 11c 72 Tc 6c 13 37c
400 10¢ 83 | 7c 6¢c 1] 36¢
480 9.5¢ 94 7c 6c 13 35.5¢
640 Sc 104 7c 6c 1132 34c
800 6.75¢ 108 7c 6c 13 32.75¢
960 (i19 114 7c 6c 13 32c
1,120 5c¢ 116 7c 6¢ 13 3lc

No interest, depreciation, insurance or taxes have been included in the
above total.

Although experiments in burning pulverized coal were begun
as early as 1876, there has not as yet been any thoroughly satis-
factory method of taking care of the ash resulting from the burn-
ing of the coal. When a slack coal with a high ash percentage is
pulverized, the pulverized coal still contains the same percentage
of ash as did the slack. - Under the high heat developed in a fire
box which burns powdered coal this ash forms a pasty slag which
adheres to the sides and bottom of the fire box. The removal of
this slag is accomplished with great difficulty and unless the slag
is removed at frequent intervals, draft is interfered with and
heat radiation to the boiler is decreased. Mr. C. F. Herrington,
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probably one of the highest authorities in the United States on
the burning of powdered coal, makes in Engineering News the
following comparison between oil and powdered coal :

“Of the three fuels, powdered coal, oil and water gas, fuel
oil has come into use far more than any other. The U. S. Navy
Yards have been consistent in their adoption of it. All now use
fuel oil for heating operations, many to the complete exclusion
of coal. Without a doubt, fuel oil is one of the easiest of fuels to
handle; it can be carried in pipes anywhere so long as there is
air pressure or pump pressure behind it. It requires only a com-
paratively small outlay for equipment—all that is necessary is a
couple of storage tanks, a pump to fill the storage tanks from the
cars, a piping system to the furnaces, and means to secure the
necessary pressure. As a fuel for burning under boilers, pow-"
dered coal may some time be a success. The use of powdered
coal in Portland cement manufacture has proven very economical
and here it has come to stay. But when it is claimed that it is
equally good for various heating operations, such as welding,
shingling, annealing, riveting and forging, there is likely to be a
difference of opinion.”

In a recent article in an engineering paper the following
advantages were claimed for powdered coal:

(1) “Complete combustion, doing away with losses due to
the carbon contained in the ash and in the escaping volatile
matter.” This is not correct, for if one stands for an hour watch-
ing one of these furnaces working, as the writer did, he will be
completely covered with fine, unburned powdered coal, which has
escaped through the furnace doors. This has become such a
nuisance to the surrounding machinery and workmen that
attempts are now being made to relieve these conditions by placing
a hood over the furnace door and connecting it into the furnace
stack. This has not proven successful as yet, and probably will
not until an exhaust fan is provided to discharge this unburned
coal through the roof.

(2) “Total absence of smoke.” Certainly this is not true
inside of the shop, for powdered-coal furnaces, due to their non-
uniform feed, smoke worse than oil. Powdered coal, as is well
known, must be very dry to be pulverized and, when pulverized
and allowed to remain quiet for 48 hours, it cakes and requires
that a man knock on the bins to loosen it. This leads to uneven
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combustion in the furnace with large quantities of smoke when
there is a large amount of coal coming through the burner and
no smoke when the coal is sticking back in the bins. No doubt
this is largely due to inefficient handling of the feeder and burner;
even so, a total absence of smoke cannot be claimed when such
conditions are met.

(3) “A cheaper grade of coal may be used.” The best coal
for powdered fuel has a volatile content of not less than 30 per-
cent, not more than 8 percent ash, and 14 percent sulphur.
I think the readers will agree that coal meeting these specifications
is of no very cheap grade. Pulverized coal must be handled with
great care, for if it is mixed with any quantity of air, it is highly
explosive, as the records of accidents in cement plants will prove.

Another very serious objection to powdered coal, due to the
incomplete combustion of all the coal ejected into the furnace, is
that this coal lies on the work, and when the work is taken out
of the furnace, if not cleaned off, it is apt to be hammered into
the work and make flaws which later are likely to be more or
less serious according to the nature of the work. This is a fact
seen from personal observation and cannot be denied. Powdered
coal is not good for small furnaces, as it requires too large a
chamber for combustion, and from the experience of users of
powdered coal it is not desirable to have a combustion chamber
separated by a bridgewall from the working chamber. It is found
that the lesser of two evils is to remove the bridgewall and blow
the powdered coal directly upon the work, which aggravates the
condition mentioned above. If the large furnaces are changed
from fuel oil to powdered coal, there will remain the small fur-
naces, and especially the portable ones, which will have to work
on fuel oil. Then there would be the expense of handling two
kinds of fuel where before there was but one. The pulverizing
plant is to be considered. When it is reported that it costs only
30 to 50 cents a ton to perform a multitude of operations, I feel
that some one has misplaced the decimal points, as will be shown
later on. 3

CoMPARATIVE EFFIEIENCIES

Now comes the debatable point of what is the efficiency of
the furnace when using the different fuels. The powdered coal
advocates will claim that the efficiency should be figured on the
B.t.u. basis. That is, if a furnace burns, say 22 gallons of oil
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to do a certain piece of work and each gallon contains 140,000
3.t.a., 3,000,000 B.tuu. in all, it will take 3,000,000 B.t.u. in coal
to do the same work, but the coal is cheaper. If oil were 5 cents
a gallon, it would take coal at $10 a ton to equal the cost; so the
reader will perhaps agree that this is not the proper method of
comparing efficiencies, any more than saying that the cost of
gasoline per gallon is the operating cost of running an automo-
bile. The true way is to measure the efficiency of the furnace by
the comparison of the input and output, and below are given
results of some efficiency tests made for a well-known concern
contemplating a revision of its furnace practice.

Powdered Coal—(Furnace using preheated air for com-
bustion.)

FFurnace cold at 60° F.
Steel and furnace heated to 2200° F.
Rise in temperature, 2140° F.»
By test, 6.29 1b. of steel heated per pound of coal burned.
Specific heat of steel, 0.117.
0.117 X 2140 = 250 B.t.u. per lb. of steel.
250 B.t.u. X 6.20 = 1572 B.t.u. output.
1 1b. of coal = 14,000 B.t.u., input.
1572 % 100

Efﬁciéncy :W =] 1.3%

Fuel Oil—Same furnace with same rise in temperature and
the same charge of work.
Heated 8.68 1b. of steel per pound of oil.
11b. of o0il = 19,400 B.t.u. input.
25 B.t.u. X 6.29 = 1572 B.t.u. output.
2170 x 100

Efﬁciency :W === 13%

Another furnace using fuel oil. (Not using preheated air.)
Temperature rise from 1200° to 2200° = 1000° F.

Charge of wrought iron, 2150 Ibs.

Oil required, 22 gal. |

2150 1b. X 113 B.t.u.==242950 B.t.u. output.

1 gal. oil = 140,000 B.t.u.

140,000 B.t.u. X 22 = 3,080,000 B.t.u. input.
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52 2429501007, 12
Efficiency = 3030000 = 7.88%

I'irsT Cost

In making comparison as to the relative first costs and oper-
ating costs, let us assume a plant now using fuel oil with a con-
sumption of 50,000 gallons of oil per month at a cost of 5 cents
per gallon, delivered at the shop. (These estimates were made
for the company already mentioned.)

(1) Fuel Oil:
Cost of equipment (storage tanks in place, auxiliary pressure
tanks in place, piping and fittings in place, steam connec-
tions, furnace connections, tank car connections, tank

pumps and air-blast outfit) ..... ... .. il $21,100

(OO el 1O ST OTiL A (BLD/08) TR Sidor teksbe, e o S e e ek Lo & e 3,165
$24,265

Engineering and contingencies (10%)........c..coivvveenn.. 2,435
$26,700

(2) Powdered Coal:
Pulverizing machinery, house, foundations, trestle and track,
electric wiring, conveyors, walkways, motors, burners and
controllers (30), furnace bins (30), furnace changes,

e ed SN AR CO N G OITS S GO 2 - e r s S AT St Aoty el oM $68,100
EONTGICtOT!S = PRONEE(I50 ) e it o e b s L S o T R 9,900
el ? : $78,000
Engineering and contingencies (1096) ... ..vvovvvnneeennnens 7,800
$85,800

(2A) Fuel Oil for Small Furnaces:
Tank in place, auxiliary tank in place, piping and fittings,
furnace connections, tank-car connections, pumps, air

| 1 [ XS (M S o = 0 s )L ST SN T s SR TV £ SR IR $ 8,800
G OIEraACtOT S D RO (C15 50 e T i e et S b, Tt S Y T 1,300
S : $10,100
Engineering and comntingencies (10%)........cccvvveinnn.. 1,000
$11,100

Summary :
1 TE) (Y ) R & S e S Y, e A e Rl Lt 2 e Bk 2 ST
Powdered coal with fuel oil......... Tt e e 97,000

FueL ConsuMPTION OF PLANTS

For the fuel-oil plant, at 50,000 gallons of oil per month and
140,000 B.t.u. per gallon, 7,000,000 B.t.u. are consumed per
month.
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If we allow 10 pounds of coal at 14,000 B.t.u., equal to 1 gallon
of oil, we have 500,000 pounds or 250 tons of coal used per month,
for the powdered-coal plant. In addition, this plant consumes
about 8,000 gallons of oil, the difference being compensated for
by coal required in drying the main fuel supply.”

MOBALTCOSES
Fuel Oil Plant (Estimat_ed cost, $27,000) :

Fixed charges: Interest (53%)......c.oveuivinenn.n. $ 1,350
D e D etiation Sl i e e s 3,240
diaxessiandi insurance Gl s S i st (el Eas 1 270 $ 4,860
Operation: Oil (50,000x0.05x12)....... B AR N T 30,000
e B o g 0T ¢ L0 g Lt D B e Rt R A et RO R A 1,000
BlectricalVeurrentiistearnEaini-serttratl S Tt .. 500
Miscellaneous supplies ........c..ovivinnnenennn. 200 31,700
LotalsyearlyachaoeR st sl iNEes: Sarlin o s $36,560
Powdered Coal Plant (iistimated cost, $97,000) :
Fixed charges: Interest (5%)........ 0 sl s ey $ 4,850
BDepreciationy (1075 S e s St sty ok & 9,700
Faxeswand insurancef(Lye) e Toe s s its, 1t 970  $15,520
Operation: . Coal  (250X2.50X12) .5 ¢ v tidnse e e . 7,500
O15F (51000 X 01055002 Rt e o Sy SeNias Snl 4,800
L abor f(IFoperator 2 =a ssStan ts)sl mor uanam i, ) s 7o 2,000
Tl et Oty O T IOt O LS e S AT e i o ko S .. 5,000 . 19,300
Fotale yeanyatcHanoe ATl Ty . Sili-o adanas, U oide s+ o $34,820
- '

ADVANTAGES AND DISADVANTAGES oF Liouip FUEL

From the foregoing it becomes evident that there are certain
advantages which oil fuel has over coal when burned under
boilers. These advantages may be summed up as follows:

(1) It is often found that it is desirable to push boilers far
bevond their normal rating for a shorter or longer period of time.
Tests that have been made by the United States Navy Depart-
ment with fuel oil show that the heat absorptive powers of boilers
is very great, and that this pushing can be accomplished with only
a small drop in efficiency. In their tests with fuel oil the evapora-
tion per square foot of heat surface has been increased from three
pounds of water from and at 212 degrees F. to fifteen pounds of
water. During this increase in rating, which is 500 per cent of
the normal rating, there was a loss in efficiency of only two per
cent. Boilers can be pushed twice as rapidly with oil as they
can with coal.

(2) The loss of heat up the stack is diminished owing to
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the smaller amount of air necessary for the complete combustion
of oil over its equivalent in coal.

(3) A more equal heat distribution in the combustion cham-
ber is possible inasmuch as the fire box doors do not have to be
open for firing and as a consequence there is higher efficiency.

(4) The cost of handling fuel is reduced because it is done
mechanically by pumps when fuel oil is used and the reduction
in the number of firemen is in the proportion of five or six to one.

(5) A large increase in steam capacity is possible. The
grate area absolutely limits the amount of coal that can be burned
efficiently, whereas the amount of oil that can be burned efficiently
is not affected by the grate size. The output of boilers can be
augmented by 30 to 50 per cent by substituting oil for coal.

(6) Fires can be started and stopped instantly as required,
avoiding standby losses, and this required head of steam can be
rapidly obtained from a.cold boiler and can be maintained with
the utmost regularity. No fuel is lost through banking.

(7) The storage tanks for fuel oil can be located where
desired, while coal bins must be near the boilers.

(8) The life of the boilers is prolonged because in hand-
fired coal furnaces a combination of stresses on the furnace plates
occurs when the furnace doors are frequently opened.

(9) Fuel oil can be burned to smokeless combustion with-
out sparks.

"~ While fuel oil will undoubtedly effect the economies claimed
for it, there are several disadvantages attendant on its use. These
may be enumerated as follows:

(1) Fire risk is increased and city ordinances, while becom-
ing less stringent, still look with disfavor on its use.

(2) Under certain conditions-the vapor from fuel oil forms
an explosive mixture with air.

(3) Nearly all fuel oil burners make an objectionable roar-
ing sound.

(4) Auxiliary apparatus is necessary to start an oil fire or
to maintain it, or both.

(5) Fuel oil has a tendency to leak through valves and joints
in the system. , 3



CHIARIEREIN

COLLOIDAL FUEL

Mr. Lindon W. Bates, in a paper read before the New York
section of the American Society of Mechanical Engineers, has
the following to say regarding Colloidal Fuel:

Colloidal Fuel is a combination of liquid hydro-carbons with
pulverized carbonaceous substances, the components so combined
and so treated as to form a stable fuel capable of being atomized
and burned in a furnace. It is made in three forms, a liquid,
a gel and a mobile paste. The new composite is intended primarily
to be used as fuel. While the designation “Colloidal” is given
it because so much of the combination is in the colloidal state, the
name is not scientifically adequate, since much of the solid com-
ponent is not reduced to colloidal dimensions. The title is, how-
ever, descriptive because of the important colloid-like characteris-
tics of the composite. It is liquid up to the ratios of oil sixty
percent and coal forty percent or thereabouts. It is a mobile
paste up to the ratio of oil twenty-five percent and coal seventy-
five percent. All kinds of oils and solid carbons may be used
The cheap coal breakages and wastes are all available. The liquid
is used in the self-same way as oil fuel and with the same
apparatus. The coal particles are maintained in a state of suspen-
sion in the oil during the time required for the use of the fuel
—days, weeks or months. (See fig. 16.)®

It is of interest to read the results of a special study made
Jan. 3, 1920, by Messrs. Dow and Smith, Chemical Engineers, of
New York City, to confirm certain technical aspects of Colloidal
Fuel Grade 15, a typical grade, containing 38% mixed coal and
coke, in Mexican Reduced Oil, made in August, 1919, and shipped
to the Imperial Japanese Navy in Japan:

“We have examined your sample of colloidal fuel to deter-
. mine whether electrolites cause a precipitation of any of the
suspended particles.

a0Qil News, Feb. 20, 1920. P. 26.
61
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“We first tested your fuel in a glass cylinder to determine
whether or not there was any subsidation, with the following
results: )

100 cc. of the colloidal fuel with a depth of 6” was allowed
to stand for 24 hours at a temperature of 115° F. At the end
of the 24 hours the very top of the fuel was analyzed and that
taken from the very bottom of the cylinder.

[ ARSI S S

e - 2
| SRR

= LR e o ¥ R SRRl e )
Fuel 011 Floating Colloidal Fuel Colloidsl Fuel Kept
on Water Sealed Under Water Under Water One Year
Unaltered
S €. Fhapfon s
) Research Laboratory
ol ; | ool Kodek Park
ROchester N.Y.

F1c. 16.—Colloidal fuel after standing one year under water.

“The top contained 33.8% insoluble in benzole.

“The bottom contained 36.4% insoluble in benzole, showing
an increase of 2.6 of coal particles in the bottom over the top.
This subsidation represents the particles of coal that have become
destabilized since the sample was manufactured. It must not be
inferred that a continuous and progressive subsidation would take
place, that is, the subsidation in the second 24 hours would be only
a fraction of a per cent, and would merely. represent the particles
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which in that time had become destabilized. Some idea as to
the quantity can be obtained from the fact that this sample,
being five months old, shows only 2.6% of the particles had be-
come destabilized in that time.

{“Three lots of the fuel 100 cc. each were then shaken up with
electrolites, sodium chloride, alum and copper sulphate, 5 grams
of the powdered electrolite being used to this quantity of fuel.
After the three cylinders had stood 24 hours there was no per-
ceptible difference in the top and bottom, and therefore, no
apparent precipitation by the electrolites.

“We have examined your colloidal fuel thinned with benzole
under the ultra-microscope and find that it is filled with particles
which have the DBrownian Movement. We should judge that
about half of the particles visible showed this action and they
varied in size from those which were quiescent to others which
had had an active range of 0.00325 mm.

*“We also passed the benzole solution of your fuel through
the finest hardened filter paper and found that the filtrate con-
tained numerous colloidal particles.

“We examined your colloidal fuel under the microscope and
measured the size of the visible particles with 1000 diameter mag-
nification. We noted several particles in the field .001 of an inch
across and .002 of an inch in length. There were numerous par-
ticles ranging from this down to invisibility. The majority of
the particles appeared to be about .0001 of an inch in diameter.
There is, of course, no doubt but that the particles diminish in
size to that of molecules, as was shown by an examination under
the ultra-microscope, and also from the fact that we know that
portions of coal are soluble in mineral oils.”

- Colloidal Fuel enjoys several special qualities. The calorific
value per unit volume is greater than that of straight oil unless
coals of very low heat value and specific gravity are incorporated.
The reason is that coal is heavier than oil though of less calorific
content per pound, so that the coal content most frequently raises
the calorific value per unit volume. The addition of coal is not
an adulteration of the oil, but it makes an increase of the heat
units in the resultant gallon of liquid fuel. Thus in a czémposite
made up of 35% by weight of pulverized anthracite coal of 14,000
B.t.u. per pound and 1.6 specific gravity and 65% oil of 18,200
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B.t.u. per pound and .96 gravity, ‘a gallon of the composite has
165,000 B.t.u., while oil has 146,000 B.t.u. per gallon.

Owing to its coal content, Colloidal Fuel is heavier, while
oil is lighter than water. The character of the composite is such
that it may be stored under a water seal and its fire may be
quenched with water. The feature is of vast importance since
an oil fire cannot be extinguished with water, and hence the
rules governing the use of fuel oil are justifiably drastic. Not less
than 6.4% of all fires are caused by “Fuel Oil,” according to
the records of the National Fire Prevention Association.

The Board of Standards and Appeals of New York City
adopted a set of rules, which became effective December 1, 1919,
to admit liquid fuel into the city. Rule 1 contains the following
provision:

“The term ‘oil used for fuel purposes’ under these rules
includes any liquid or mobile mixture, substance or compound
derived from or including petroleum.”

The rule is phrased so as to admit Colloidal Fuel, which is
a liquid or mobile mixture including petroleum. Coloidal Fuel
is also in an exceptionally favorable situation under the Tenta-
tive Regulations of the National Fire Protection Association,
adopted on November 3, 1919. These set the standard in the
United States and Canada. “Oil burning equipments are those
using only liquids having a flash péint above 150° F. closed cup
tester.” The word “liquids” as selected includes the new fuel.
Section 1, Paragraph A, provides: ‘“For liquids of 20° Baumé
and below, tanks may be of concrete,” and Section 4, Paragraph
34, states: ‘““Where it is necessary to heat oil in storage tanks in
order to handle it, the oil shall not be heated to a temperature
higher than 40° I. below the flash point, closed cup.” This
excludes several varieties of fuel oils which require preheating
over or close to their flash point in order to flow. This is not the
case in the Coloidal Fuel. The Laboratory of the National Board
of Fire Underwriters has certified that Grade 13, a typical
example of the new fuel, had a flash point of 266° I. and Grade 15
had 273.2° F. Grades 13 and 15 were preheated in practice to
about 130° IF and 180° F. respectively. The apparent ignition
temperature was 779° F. and 788° F. respectively, while neither
gave off volatiles at room temperature or at 104° F., nor gave
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evidence of spontaneous heating. It is for these reasons that
Coloidal Fuel enjoys unusual safety features.

The combining of pulverized coal with oil and of tar with oil
to make a liquid fuel has in the past had inventive devotees. As,
however, petroleum does not ordinarily dissolve coal or tar, the
problem was how to overcome the comparatively rapid and uncon-
trollable separation or settling out or sedimentation of some of
the components. The present success was born immediately of
the war efforts and was conceived to meet the possible shortage
of liquid fuel in the Allied Navies.

The art of suspending as colloids in liquid hydrocarbons
certain carbonaceous substances has been long practised. Lubri-
cants are in use made of less than 1% of Acheson graphite of 2.1
specific gravity reduced so that the size of the particles is about
75 p w (within colloidal limits) and suspended in oil by the addi-
tion of gallotannic acid. Colloids of charcoal and lampblack are
known. It is also reported that if coal is reduced under high pres-
sure or high speed disk-grinding and lengthy trituration in oil,
the coal may be brought into the state of stable combustible
colloid. 3

Suspension of high percentages of particles above colloidal
sizes is found to be, however, quite without precedent. So also
the peptization of carbonaceous matter in liquid hydrocarbons,
producing a stable composite, is new. No prior art exists for
producing a stable fuel of oils having carbonaceous matter as
natural impurities, like the asphaltum and free carbon found in
pressure still oil. In another field, that of rendering stable a
compound of two or more unmixable or partly mixable liquid
hydrocarbons for fuel needs, any prior art is also of little record.
Many liquid hydrocarbons will mix. Others and these of the
important burning liquid hydrocarbons have till this time proved
obdurate to union—for instance, fuel oil and tar have heretofore
refused to mix or have mixed only partially. Emulsions have
been made of non-mixing liquid hydrocarbons for use in creosot-
ing and disinfecting, but no such emulsions much less suspensions
‘concerning unmixing liquid hydrocarbons for use as fuels have
heretofore been created.

Up to 40% by weight of pulverized coal can be suspendéd
with 60% by weight of oil, making liquid Colloidal Fuel. Up to
75% of carbon can be incorporated in the mobile pastes. Maobile
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gels can be made from either the liquids or the pastes. Colloidal
Fuel may be a combination of any two or more of the forms. It
will be understood, therefore, that between these states in varying
blends and degrees of load, a large number of fuels either liquid
or mobile, may be produced. Further, several of the forms have
a natural tendency to transform themselves. For instance, liquid
Colloidal Fuel stabilized for liquidity during a definite period of
say, days or months, tends later to gel from the bottom of the
container up. At that stage, the viscosities of the lower or gel
stratum will be different from that of the thinner upper stratum.
The fuel, nevertheless, has not given up the influence of its treat-
ment. It remains atomizable, even though the gel be denser. In
both layers and in the intermediate layers also, all the constituents
are present and synchronize in burning. The gel thus formed is
easily restored to a liquid state by heat or stirring or pumping.
Sometimes even a tap upon the wall of the container will restore
pristine liquid form. The colloidalizing treatment while arti-
ficially stabilizing the composite promotes also a gel formation.
Conversely, the creation of a gel even in early stages helps to
stabilize the compound since particles with more difﬁculty precipi-
tate in a gel. ~ : :

Colloidal Fuel is a composite whose particles are in three
states of dispersion—solution, colloid and suspension. They give
the characteristics of the three conditions. Some of the particles
pass through a filter—many do not. Many are visible and meas-
urable under microscopic inspection. Others are not. Some
show active Brownian movement ; others show slower movement;
others no such motion at all. In considering the changes and
stabilization under the treatment of Colloidal Fuel the division
of the carbon surfaces must be noted. A cube of coal one centi-
meter on each side exposes a surface of six square centimeters.
Such a cube pulverized so that 85% passes through a 200 mesh
screen exposes surfaces of about 1872 square centimeters. The
ratio of surface to volume has been multiplied over 300 times.
Such a cube reduced to colloidal size (or .1 diameter) develops
a surface of 60 square meters—a multiplication of one hundred
thousand. . In Colloidal Fuel, most of the carbon particles are not
reduced to colloidal sizes. Many remain much above these limits
and above the colloidal borderland.

For the manufacture of the new fuel, the coal should be
reduced so that about 95% passes through a 100 mesh screen and
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85% through a 200 mesh screen. A finer pulverization, while of
advantage, is not essential to the process. Coarser particles than
those cited above may.be temporarily or partly stabilized, serving
sufficiently well certain fuel uses. For the reduction, mechanical,
electric or chemical means may be used, but an ordinary coal
pulverizing ball or tube mill is most economical.

To carry the load of a high percentage of carbon at normal
and working temperatures the base oil employed should be in
a certain range of viscosities which the treatment secures. While
a lower viscosity does not hinder the creation of Colloidal Fuel,
it lessens the load which the liquid hydrocarbon can stably carry.
If the product sought is to be a gel or paste, the initial viscosity
is of less concern. If the liquid medium provided is of over
high viscosity to produce a liquid fuel with the percentage desired
of load, a “cut back” can be introduced to lower viscosity. This
“cut back” can be of another suitable hydrocarbon. If the me-
dium provided is of over low viscosity, the process is reversed
and the viscosity is raised by introducing a liquid hydrocarbon
which adjusts the density. Several other ways, of course, exist

for securing the right viscosity, such as, for instance, heat and
emulsification.

With the right quality of fixateur or peptizing agent, stability
is most readily and satisfactorily secured through its use. Vary-
ing the amount introduced makes adjustment simple. In general,
the shorter the time, the less the degree of stability desired, the
lower the temperature, the less the load and the finer the grinding,
so much less fixateur or peptizing agent is needed. If a gel or
paste is required, less of the agent is essential than if a liquid is
sought. The introduction of more agent than is demanded ‘for
liquid stabilizing begets a tendency to early, complete and con-
sistent gellification. The amount of the agent therefore intro-
duced, must be a matter of knowledge from experimentation. It
must be such a quantity and quality as will secure adequate
stability at the temperature of storage and preheater. In practice,
virtually, the maximum of a good quality of fixateur which has
ever been employed to secure a stable liquid is an amount which
adds 2% by weight of the essential substances to the fuel. The
minimum producing an appreciable result is about .1%. Ordi-
narily between 4% to 1% is used. Higher percentages of cer-
tain peptizers or stabilizers are required than of others. If
gaseous means are used these percentages do not hold. Between
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these outer limits the quality of fixateur and peptizer for par-
ticular products has been very accurately determined by experi-
ence and the effects recorded of different percentages blended
with various ratios and kinds of components of the Colloidal
Fuel.

Colloidal Fuel carrying up to 40 percent of carbon is prac-
tically equivalent to the class of heavy oil in relation to handling
to the preheater stage. At 68° F. its viscosity will hardly be
below 65° Engler, except when only the carbon particles found
in pressure still oil are stabilized. The viscosity ordinary will
range between 160° and 350° Engler, depending upon the com-
ponents and other factors. At higher temperatures that obtain
in the preheater, it behaves as do the lighter class of oils. Col-
loidal Fuel is really only a laden, stabilized oil and the problem
of burning both is largely the same. Viscosity is under perfect
control. The installations for burning oil, burn liquid Colloidal
Fuel without any material change. Some slight modification is
required for burning the pastes and gels since there must be suffi-
cient pressure to carry the fuel to the atomizer.” If the gel is
broken up by pumping or if it becomes liquid in the preheater,
pressure for conveying it alone is needed. Existing mechanical
or steam, or air oil burners are adapted to Colloidal Fuel. Several
varieties have been used.



CHAPTER V

DISTRIBUTION AND STORAGE

Oil refineries are built at points strategically located with re-
spect to production and markets. From the refineries fuel oil is
delivered to a station located in the center of the industrial dis-
trict to be served and it is delivered from the refineries to these
central stations by water or by rail. Many companies supply fuel
oil to countries lying overseas. To these countries fuel oil is
transported by ocean-going tankers and oil barges. There were
in May, 1920, 93 steam tankers aggregating more than one mil-
lion deadweight tonnage building in American shipyards for pri-
vate companies. All but two of these ships burn fuel oil under
their boilers for power and these two are equipped with Diesel
engines.

Many of the tankers now in use carry fuel oil on outward
voyages, but return to the United States laden with some other
bulk liquid. The Philippine Vegetable Oil Company, for example,
now has in operation two such tankers operating between San
Francisco and Manila® The two vessels now in operation are
the “Nuuanu” and the “Katherine.” They are specially equipped
for carrying petroleum products, either bulk or case oil, for the
Standard Oil Company from the Richmond refinery to Hong-
kong and returning via Manila, where a cargo of cocoanut oil is
taken for delivery at the storage tanks of the Philippine Vegetable
Oil Company at San Francisco. The “Nuuanu” was the first
tanker to be placed in operation in this special service and has
recently made her third round trip, each time carrying petroleum
oil to Hongkong and returning via Manila, where a cargo of
cocoanut oil was taken on. The auxiliary motor ship “Nuuanu”
(See fig. 17) was before her conversion to an oil tanker the iron
sailing vessel “Highland Glen” of the following dimensions:
Length over all, 211 feet; breadth, 34 feet, and depth, 19 feet 6
inches. The power plant consists of a 320-b. horsepower model
“M-11” Bolinder engine, the machinery being placed in an unused
part of the ship and not interfering with the existing bulkheads.

20il News, December 5, 1919, P. 28, C. W. Geiger.
69
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This vessel has been able to make a speed of over seven knots.
loaded, in ordinary weather without the assistance of sails. On
her first trip from San Francisco to Manila via Hongkong the
time occupied in making the voyage to Manila was 45 days. She

Fi16. 17.—The oil tanker “Nuuanu.”

arrived in San Francisco with a cargo of about 1,100 tons of bulk
cocoanut oil, making the trip from Manila in 46 days. So well
satisfied with the work of the “Nuuanu,” the Philippine Vegetable
Oil Company purchased the former British ship “County of
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Linlithgow,” renamed her the “Katherine” and converted her into
a tanker for the same service. The “Katherine” was equipped
with many features not included on the “Nuuanu,” but these new
features are now being installed on the “Nuuanu.” The “Kather-
ine” can carry about 2,600 tons. Both vessels carry sufficient fuel
to make the round trip. TFuel is carried in two tanks, one tank
being located in the engine room and the other in the cofferdam
separating the cargo tanks from the engine room. The oil is de-
livered from these tanks to the engine by duplex pumps operated

F1e. 18.—An Oil Barge on San Francisco Bay

by steam. The “Nuuanu” carries a crew of 30, including the
chief engineer, first and second engineers, two wipers, captain,
first and second mate and the usual number of sailors.

For delivering fuel oil to vessels either in the stream or ai
the dock a very extensive fleet of oil barges is operated on San
Francisco Bay by the Standard Oil Company, Shell Oil Com-
pany, Union Oil Company, and the Associated Oil Company. In
Oil News, September 20, 1919, page 11, the following account of
the operation of these barges is given by C. W. Geiger'

“A large fleet of barges is maintained by the Standard Oll
Company Its units are principally barges with the steam tug
‘Standard No. 1 in constant attendance, and working with them
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are the power barges Bemecia and Contra Costa. The power
barges are manned by both day and night crews, and are ready,to
make fuel oil deliveries around the harbor at any time during the
entire twenty-four hours. The convenience of this service to
steamship operators can readily be imagined, and the company
has materially added to its fuel oil business because of it. The
barge Contra Costa is propelled by a gasoline engine and has a
capacity for carrying 7,500 barrels of oil in her tanks. The
Benecia, which is also propelled by a gasoline engine, has a

F1c. 19.—Delivering fuel oil to a mail steamer.

capacity for carrying 2,200 barrels. The carrying capacity of the
remaining barges is as follows: Barge No. 1, 4,500 barrels ; barge
No. 2, 800 barrels; barge No. 3, 2,000 barrels; barge No. 4, 5,500
barrels; barge No. 5, which operates on the river, 2,000 barrels
(See fig. 18) ; barge No. 6, 650 barrels; barge No. 7, 5,000 bar-
rels; barge No. 8, 2,200 barrels. The following barges operate
on the rivers: San Jose, stern wheel steamer, 500 barrels; Petro-
leum No. 3, stern wheel steamer, 1,500 barrels. The river trade
demands a boat drawing not more than five feet of water, and
here the stern paddle-wheel type of boat is necessary for carrying
cargo and towing light-draft barges. Owing to the shallow water
and many snags in the river, a propeller is out of the question.

Cargoes of fuel oil as high as 15,000 barrels are taken on by
some of the trans-Pacific steamers (See fig. 19). All of the four
oil companies mentioned maintain large storage tanks ad-
jacent to the water front at San Francisco, with receiving
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and discharge pipes leading to the docks. In addition to
supplying oil to the steamers in the bay, these barges de-
liver oil from the refineries operated by the various oil companies
in the vicinity of San Francisco, to these oil storage tanks ad-
jacent to the water front. These tanks supply fuel oil to the
smaller vessels that tie up at the oil docks. The Standard Oil
and the Shell Oil each maintain suchrstorage tanks at the northerly
end of the water front, from which point the numerous lumber
schooners and fishing hoats are supplied. At the southerly end

F16. 20.—Pump for loading barges with fuel oil.

of the water front, in the vicinity of 16th and 17th streets, such
storage stations are maintained by the Standard Oil, Union Oil,
and the Associated Oil Companies. In addition to supplying oil
to the smaller vessels, these storage stations supply the oil trucks
that deliver oil through the City of San Francisco. The Shell
Oil Company operates barges which take on oil at the loading
station at Martinez and are towed to the San Francisco water
front by a steam tug used for this exclusive purpose. During the
busy seasons gasoline tugs are rented from the local launch com-
_panies. These barges have a carrying cdpacity ranging from
1,030 barrels to 3,000 barrels. The barges are all of wooden con-
struction, being built especially for this type of service. Barge
No. 4 is 148 feet in length, 35 feet in width and 6 feet 10 inches
in depth. She draws 5 feet 6 inches when loaded and 3 feet 6
inches light. Barge No. 3 is 78 feet in length, 23 feet in width,
and 6 feet 10 inches in depth, and draws 6 feet 6 inches when
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loaded and 2 feet 6 inches when light. Barge No. 1 is 116 feet
in length, 32 feet in width and.10 feet 2 inches in depth, and draws
7 feet when loaded and 3 feet 6 inches light. She has a carrying
capacity of 2,950 barrels of oil. The 250 horsepower steam tug
Priscilla was built especially for tending these barges. They are
operated on the tides, being towed from Martinez when the tide
is going out aud returned with the incoming tide. Approximately
140,000 barrels of oil are handled monthly by these barges. Barge
No. 4 is equipped with a gasoline-operated generator which pro-

.

Fi1c. 21.—Derrick for handling heavy hose on barge.

vides electric current for lighting, which greatly facilitates night
operations.”

The railroads are among the principal users of fuel oil in
this country. For filling the fuel storage tanks of the railroads
the oil is transported in tank cars. Mr. Robert Clarke, Jr., de-
scribes the development of the tank car as follows:* “In 1865
the car tank, mounted on a railroad flat car, made its appearance.
Mr. Lawrence Myers—who was represented as the patentee of
this type of tank on wheels,—called it the “Rotary Oil Car.” A
number of the first tanks on cars were constructed of iron, but
the ‘majority were built of heavy pine planks, a material more
readily obtainable ‘And lower in cost. In shape these tanks were

a. The Petroleum Handbook, Andros, p. 151.
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practically the same as the small iron-hooped wooden tank in use
at the wells, being round and of smaller diameter at the top than
the bottom and holding from 40 to 30 barrels each. On each flat
car two of these tanks were mounted—one at each end over the
trucks—making the capacity of the car between &0 and 100 bar-
rels. The first of these “Rotary Oil Cars” arrived in Titusville,
Pa., on November 1, 1865, where it received a cargo of oil at

<.
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Fi6. 22. A Tank Car.

the Miller farm, the terminus of the first successful pipe line from
Pithole. Miller farm was located four miles below Titusville on
the banks of Oil Creek, Pa. This car was the property of the
Eagle Transportation Company of Philadelphia, Pa., who owned
the patent rights and who proposed to build and operate a tank
line on all railroads for the transportation of crude and refined
oils. With customary progressiveness we find the builders and
users of tank cars soon making improvements in design and con-
struction of the original .car. Dillingham and Cole, a firm of
machinists with shops located at Titusville, Pa., in 1866 received
a contract for fitting 60 tanks on cars for the Oil Creek railroads—
now a part of the Pennsylvania Railroad System—with-a rather
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ingenious gate-valve or cock that could not be opened without
having a wrench that was especially made for the purpose. These
tanks were constructed of iron and mounted on flat cars at each
end over the trucks, similar to those of the Eagle Transportation
Company. The capacity of these cars was about 90 barrels. This
new method of shipping was indeed a step in the right direction,
for it eliminated a very considerable loss of oil resulting from
leakage in transit, reduced the liability of serious conflagrations
and did away with the necessity of a return of thousands of bar-
rels to the producer, besides eliminating cooperage charges. Until
1870 this type of car, in which the iron-hooped wooden tank was
employed, was used extensively in transporting crude oil to mar-
ket. In the late sixties, however, the forerunner of the present
type of tank car was introduced—a design of car in which a
horizontal cylindrical tank replaced the two small wooden ones
The first of these cars was shipped to the Oil Creek region in
1868 and sidetracked at the Boyd farm for loading. A radical
change was made in the designing of these new tanks in that
they were fitted with a dome which allowed the oil to expand
without injury to the tank. These cars had a capacity of 80 to 90
barrels. Later this was increased to 100 barrels, which becams
the standard for that period. The advantages of this new type
of car were quickly recognized by both oil and railroad men; in
fact, its adoption was so general that by the end of 1872 the ma-
jority of the old type of cars had disappeared. About May 1,
1872, the Oil Creek and the Lake Shore Railroad companies
issued orders that after that date none of the old type of tank
cars would be accepted for transportation over their roads. With
few exceptions, this ruling was generally adopted by other rail-
ways, although even as late as 1876 they were still accepted by the
Allegheny Valley Railroad, extending from Oil City to Pittsburgh.
By 1880 the last of the early wooden tank cars had disappeared
from service. It is particularly true of American progressiveness
and business acumen that the introduction of a new process or
new method of doing something in one field is soon applied with
equal success to other fields and so it has been with the tank car.
Today there are thousands of tank cars in service carrying other
products than petroleum and its by-products. The Master Car
Builders’ Association state in their specifications covering the
design and construction of tank cars that a tank car is “any car
to which one or more metal tanks, used for the transportation of
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liquids or compressed gases, are permanently fastened,” and in
order that these tank cars may be designed and constructed to
meet the service requirements of a wide range of products they
have designated that there shall be five classes of tank cars, classi-
fied as follows:

“Class 1.—Tank cars for general service, with steel under-
frames or without underframes, built prior to 1903.

“Class 2—Tank cars for general service, with steel under-
frames, or without underframes, built between 1903 and May 1,
197

“Class 3.—Tank cars for general service, built after May 1,
1917.

“Class 4—Tank cars for the transportation of volatile in-
flammable products whose vapor pressure at a temperature of
100° F. exceeds ten pounds per square inch, built after May 1,
1917.

“Class 5.—Insulated tank cars of specially heavy construc-
tion, built after January 1, 1918, for the transportation of liquid
products whose properties are such as to involve danger or loss
of life in event of any leakage or rupture of the tank.”

The importance of good, strong, sound and thorough con-
struction in tank car design cannot be overestimated. Upon these
factors depends the life and efficient service of the car. A poorly
designed and constructed tank car is not only a menace to the
railroads hauling them, but also the shipper, consignee and the
industrial centers through which the car may pass.

Fig. 22 shows a tank car.

In general the storage tanks erected by the railroads are
steel cylinders. The size of a storage tank will naturally be a
little in excess of a multiple of 6,000 gallons, for the reason that
6,000 gallons is the capacity of a regulation tank car. So, then,
storage tanks will properly have capacities greater than 6,000,
12,000, 18,000 and so forth, gallons. Fig. 23 shows a 20,000-gal-
lon fuel oil tank along the Mexican Railway,® and Fig. 24 shows
locomotive loading tanks along the lines of the United Railways
of Havana.®

a. Reprinted by permission of Anglo-Mexican Petroleum Co., Ltd.
b. Courtesy of Sinclair’s Magazine,
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For the storage of fuel oil at small industrial plants and at
hotels, apartment houses, and residences, the steel tank has been
in general use. Mr. S. D. Rickard, Consulting Engineer, Wayne
Oil Tank & Pump Company, gives the following advice concern-
ing storage tanks:

“Too great care canot be used in the selection of the oil
storage tank, or tanks. It is a great deal more difficult to con-

Fic. 23.—Storage tank along the Mexican Railway.
(Courtesy of Anglo-Mexican Petroleum Co.)

struct an oil-tight tank than to construct a tank simply for the
storage of water. It is very difficult and sometimes impossible
to repair a leaking tank, and a great deal of oil may be lost before
the leak is discovered. All tanks should be inspected and labeled
by the Underwriters’ Laboratories of the National Board of Fire
Underwriters.

Fuel oil storage tanks should be cylindrical in shape and
placed underground so that the top of the shell is at least two feet
below ground. These tanks should be of sufficient capacity to
allow for a working supply in case deliveries are delayed, and so
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that tank cars can be entirely emptied as soon as they are received,
avoiding demurrage charges. Where shipments are to be received
in single carload lots, a 12,000-gallon tank is the smallest size that
should be installed. However, many installations embody two
or more tanks varying in capacities from 8,000 to 25,000 gallons.

It should be specified that the tank be fitted with all of the
pipe flanges and the manhole at one end of the shell on top. In
this way it is possible to build a box with a trap door over one
end of the tank whereby all pipe connections and the manhole
may be easily gotten at.

Fic. 24. Locomotive Loading Tanks Along Lines of the United Railways
of Havana. i
(Courtesy of Sinclair’s Magazine.)

It is good practice to fit a fuel oil tank with the following
flanges and manhole: one 10” x 16” manhole, one 315” suction
flange, one 4” fill flange, one 124” vent flange, one 115” return
pipe flange, and one 23” indicator flange.

Every fuel oil tank should be constructed with internal steam
coils of proper design. ~Although it might be possible to obtain
a light oil at the time the tank is installed, it may become neces-
sary at any time to burn a heavy oil, which would require heating.

Each storage tank should be fitted with a tank gallonage
indicator. These indicators show at a glance the contents of the
tank. They may be placed inside of the nearest building, outside
of the building against the wall, directly over the tank, or on the
side of aboveground tanks.”
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When it is impossible to place the main storage tanks below
ground or below the level of the burners, a small 5 or 10 barrel
reservoir tank should be placed underground below the main
storage. This reservoir tank is then fed by gravity from the
overhead tanks. Just inside the small reservoir tank is placed a
float valve, as shown in Fig. 25. This valve closes whenever the
oil in the small tank reaches a certain level. The suction and
return pipes should run from this small underground tank in
the usual manner. In this way the danger of flooding a building
with oil is avoided. Fig. 26 shows a typical steel storage tank for
fuel oil.

The Butler Manufacturing Company, Kansas City, made the
following quotations as of July 1, 1920, for storage tanks, f. o. b.
Kansas City:

HORIZONTAL TANKS SUITABLE FOR UNDERGROUND USE BUT
WITHOUT UNDERWRITER’S LABEL.

Size Capacity Weight | Gage Material| Dealer’s Price | Retail Price
S Sty 260 gal. 289 12gage BA $ 59.80 $ 74.70
3¥x 5 350 352 12 67.40 84.26
4 x5 460 416 12 78.60 98.20
4 x6 560 473 12 84.05 105.75
5 x5 725 565 12 94.20 117.50
5 x6 870 635 12 102.00 127.40
Bipnsd 1015 705 12 109.10 136.40
H X us 1160 775 12 116.70 145.90
6 x6 1250 814 12 121.50 151.83
6 x8 1675 980 12 139.00 173.80
6 x10 2100 1175 12 156. 90 196.15

These horizontal tanks will be equipped with 4” fill opening, 1” vent, 2"
outlet: also, each tank will be given oné coat of asphaltum paint.

VERTICAL WELDED STORAGE TANKS.

Size Capacity Weight 1bs. Gage Dealer’s Price | Retail Price
5x4 [ 575 gal. 453 12BA| $ 95.40 $119.40
6x6 1250 747 12 129.30 161.63
7x6 1700 891 12 150.75 185. 50
7x8 2280 1083 12 179.00 224.00
8x8 2975 1288 50 208.30 260.40
9x9 4240 1640 12 244.00 305.00

These vertical tanks have cone cover with 4” fill openings and plug, a return
bend and nipple screwed into plug for use as vent, a 2” outlet tap in side near
bottom, one coat of red paint to be applied.

On all tanks quoted above blue annealed steel is furdished, which is especially
adapted for welding. All seams will be carefully welded and the tanks will be thor-
oughly tested under air pressure before leaving the factory to insure that they are
oil-tight. If any tanks when first filled, are found to be leaking, necessary repairs
will be made when the oil is removed.

In the event tanks of greater capacity, heavier material, or tanks bearing under-
writer’s label are required, quotations will be made on receipt of exact requirements.
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It is only recently that concrete has been considered a suit-
able material for making containers for fuel oil. The knowledge
of the desirability of concrete for oil storage tanks was acquired
during the war through the practical elimination of steel plates.

Mr. H. P. Andrews, in a paper read before the American
Concrete Institute, states that reinforced concrete has proved to
be satisfactory in many ways, if intelligently handled. As it is
necessary to install most fuel oil reservoirs underground, steel
tanks rust if not protected. Concrete can be designed better to
resist exterior stresses, as hydrostatic or earth pressures. It has

Fig. 25. Reservoir Tank with Automatic Float Valve.
(Courtesy of Wayne Oil Tank and Pump Company)

the dead weight to better resist upward hydrostatic pressure in
soils which often are filled with water. It does not attract light-
ning like steel, nor if properly constructed is it affected by elec-
trolysis. It is a non-conductor of heat and cold, thus retarding
evaporation of oil in summer, and also retarding the lowering of
the temperature of the oil in winter, an advantage in pumping.
In case of a conflagration the oil is much safer in a concrete con-
tainer than in steel. But, as previously stated, oil reservoirs of
concrete must be designed correctly, the concrete proportioned
correctly and mixed and placed correctly in order to get satis-
factory results. And by satisfactory results it is meant that there
shall be no leakage or seepage when built or, thereafter, to cause
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fire hazards or financial loss. When these necessities have been
provided for, reinforced concrete reservoirs will contain fuel oil
of a consistency up to 40° B., and practically all fuel oils are below
this, the Mexican oils having a specific gravity as low as 16° B.
I‘or the lighter oils, including kerosene, gasoline or benzine, some
provision should be made for a lining of special material, and the
writer understands that the U. S. Shipping Board has been
making some extended experiments along this line. The design
and the location of a fuel oil reservoir may be considered from
various standpoints. (1) ILocation. The reservoir should be
located a safe distance from inflammable structures as far as pos-
sible consistent with pumping requirements, covered with at least
18 in. of earth, if near buildings, to decrease fire hazards and also ‘
to minimize oil evaporation. If distant from buildings it should

BUCTION FiLl  VENT

Fic. 26. Steel Storage Tank for Fuel Oil.
(Courtesy Wayné Oil Tank and Pump Company.)

be at least half underground, and if possible, the excavated ma-
terial should be used in banking up around it. (2) Size. The
reservoir should be limited in size for two reasons: First, the
necessity of not-exceeding a day’s working limit in the operation
of pouring concrete so that joints between operations may be
eliminated ; and secondly, so that in case of an accident or fire in
any reservoir, that too much oil in storage will not be involved.
This size limit should not be over 300,000 gallons under most
conditions, and the majority of contractors have not the facilities
to construct properly a reservoir of this capacity. (3) Shape.
The reservoir should be circular in shape, the better and more
directly to take care of involved stresses and to avert danger of
tensile or temperature cracks. (4) It should be so proportioned
and designed as to limit the number of pouring operations of
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concrete, so as to avoid joints between these operations. (5)
Care should be taken to provide for all exterior stresses, such
as hydrostatic pressure from ground water, earth pressure on
walls, and roof if reservoir is buried, and also to avoid as far
as possible concentration of loads on walls or footings. Where
joints are absolutely necessary they should be so protected that
there will be no leakage through them. Regarding hydrostatic
pressure, while engineers have found from tests that this pressure
in soils is only about 50 per cent of the full head of water, it
is not safe to design for stresses less than the full head, as any
deflection in the concrete admitting a film of water between the
earth and the concrete will produce the full hydrostatic pressure.
(6) To so design the reservoir, piping and vents as to comply
with municipal regulations and insurance requirements. (7) To
protect temporarily or permanently concrete surfaces so that oil
will not come in immediate contact with them if concrete is
less than six weeks old. (8) To so design the false work for
holding concrete temporarily in place that it will not fail or be
distorted while placing concrete. It is especially necessary to
provide for the firm holding of wall forms, as the pressure of
several feet of concrete poured quickly as a monolith is intense,
and any give of the forms after the concrete has obtained its
initial set breaks up the crystals already formed, allows expansion
of the concrete mass, with resultant porosity and loss of strength.
(9) To design the concrete so that it will resist all exterior
stresses to which it is subjected and so that it will be oil-proof.
And one of the principal features of this design is to make the
walls of circular reservoirs in tension, sufficiently thick so that
the ultimate strength of the concrete in tension will not be ex-
ceeded. It is not meant, of course, to leave out the steel rein-
forcement so that the stress will theoretically be borne by the
concrete, but, nevertheless it will actually be borne by it unless
some unforeseen weakening of the concrete should throw it upon
the steel. An extended investigation by the writer- on high
circular concrete standpipes for water showed that if the concrete
in the wall was stressed beyond its elastic limit or ultimate
strength, which is practically identical, vertical hair cracks will
appear of sufficient width to admit water into the ‘body of the
concrete. This ultimate tensile strength in a 1:115:3 concrete
from tests made for the writer at the Watertown Arsenal was
203 1bs. per square inch. Where the concrete is in large sectional
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areas and reinforced, this tensile strength probably will be some-
what higher. If a stress not exceeding 150 lbs. per square inch
is allowed in tension there will be no danger of these vertical
cracks appearing. (10) To design the reinforcement so that it
will take care of all interior and exterior stresses and with fittings
to hold it rigidly in place while concrete is being poured. Steel
in tension in walls should not be stressed over 10,000 1bs. per
square inch to conform with insurance companies’ requirements.
Personally, the writer does not think that it is necessary to figure
the stress as low as this, under usual conditions, having satis-
factorily constructed many reservoirs using a stress of 14,000
pounds, but of course, the lower stress is an additional safeguard
against inferior workmanship by inexperienced contractors and
against any decrease in bond strength due to oil penetration of
concrete. It is probably unwise to depart radically from in-
surance companies’ recommendations. For other parts of the
reservoir the recommendations of the Joint Committee on Con-
crete, Plain and Reinforced, should be followed. All reinforcing
rods in concrete exposed to oil should be of a deformed section
for better bending value. To carry out these requirements neces-
sitates the employment of competent engineers, experienced in the
work, to make the design and specifications and to superintend
construction. The concrete should be no leaner than a mix com-
rosed of 1 part of cement, 174 parts of sand and 3 parts broken
stene or gravel. To this mix should be added a “densifier.” Hy-
drated lime has been found econcmical and satisfactory for this
purpose, using ten Ibs. of dry lime to each bag of cement. The
stone must be hard and clean, trap rock, granite or gravel being
the best material. The sand must be free from any deleterious
matter ; and should be well graded. Cement should be of an
established quality. The concrete should be deposited contin-
uously in concentric layers not over 12 ins. deep in any one place.
No break in time of over thirty minutes is permissible in de-
positing concrete during any one operation, and if. any delay
occurs, the previous surface must be chopped up thoroughly with
spades before the next layer of concrete is deposited.

The different operations in pouring are:
1. The pouring of floor and footings.
2. The pouring of entire wall.

3. The pouring of roof.
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In small reservoirs the wall forms may be supported so that
the footings, floor and wall may be poured in one continuous
operation. An approved joint or dam must be made between
the floor and the wall. When the materials are obtained they
should be mixed by a plant of sufficient size and power to carry
out each separate pre-arranged operation without danger of delay
during the process. The materials should be mixed at least 2.
minutes in the mixer, using just enough water to obtain a plastic
mix without excess water coming to the surface after concrete
is deposited, and a measuring tank should be used so that the
amount of water may be kept uniform. The concrete when de-
posited in forms should be well spaded by at least four competent
laborers who are not afraid to use their muscle in compacting
the concrete thoroughly and working out the trapped air bubbles.
Reinforcement should be of round deformed bars conforming
to “Manufacturer’'s Standard Specifications for Medium Steel.”
These bars should be bent or curved true to templates carefully
placed in their predesigned location and rigidly maintained there
by mechanical means. No laps should be less than 40 diameters
and no two laps of adjacent rods should be directly opposite each
other. The forms should be of a good material, strongly made
and braced, or held in place by circumferential bands so that no
distortion, allowing displacement of concrete during its initial
set, is possible. The surface of the floor should be trowelled
smooth as soon as it can be done properly. If all previously
named precautions are taken, there should be no defects in the
wall to correct. Concrete mixed and placed as recommended
herein is practically oil-tight, but as oils are somewhat detrimental
to fresh concrete, it is advisable to put on an interior wash or
coating to protect the fresh concrete from the action of the oil
for such a time as may be necessary -for it to cure and harden
sufficiently. Silicate of soda, while not a permanent coating, has
been used satisfactorily for this purpose according to this speci-
fication for oil-proofing. The surface of the floor and the interior
surface of the wall are to be coated with silicate of soda of a
consistency of 40° B when applied as follows: First coat. One
part of silicate of soda and three parts of water, applied with
brush and all excess liquid wiped off with cloth before drying.
Second coat. One part silicate of soda and two parts water
applied as above. Third coat. One part of silicate of soda and
one part water, applied with brush and allowed to dry. Fourth
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coat. Applied same as third. The dome roof is economical to
construct where earth covering is not required and where all
concentrated loads on walls are eliminated, which might tend to
produce unequal settlement with resultant cracks. The inverted
dome at the bottom gives additional storage capacity with only .
increased cost of excavation and lessens height of wall thus re-
quiring less shoring of banks in loose soils. It allows a better
drainage of the reservoir than a flat floor, and better resists up-
ward exterior pressure. The recommended maximuni dimensions
for this type of reservoir are as follows: Diameter, 60 feet;
height of wall, 12 feet, rise of roof dome, 1/6th to Y%th dia;
" drop of inverted dome not over 1/10th dia. The floor and roof
should be reinforced both circumferentially and radially to pro-
vide against temperature and other stresses. There are many
details which might be added, but the information given is in-
tended to cover the principal features.” Fig. 27 shows a typical
reinforced concrete fuel oil reservoir.

The Portland Cement Association in its Bulletin “Concrete
Tanks for Industrial Purposes™ is authority for the statement
that at present there is in the United States concrete tank storage
for over 790,000,000 galions of oil. Concrete tanks for oil storage
are not an experiment, but their use for such purposes has rapidly
developed during the past three years because of unusual con-
ditions during the war. There are examples of concrete oil
tanks that have 15 years of service to their credit, thus proving
their success in this field. The economy and advantages of the
concrete oil tank have established it as a standard type of oil
storage container, particularly as relates to the needs of industrial
plants using fuel oil. Although such tanks can be built above
ground, the greatest advantages are derived from placing them
underground and covering with two or three feet of earth. Under
such conditions the stored oil is maintained at a fairly even
temperature, losses from evaporation of the lighter oils are re-
duced, and greater protection to tank contents is afforded against
fire from lightning or other causes; therefore, the insurance on
surrounding buildings is not increased because of the presence
of stored oil. Insurance on contents of the tank is also less. In
addition, there is the advantage that the storage container does
not occupy valuable yard space necessary for plant operation or
other storage, and the tank may be placed at any convenient loca-
tion, even under a railroad sidetrack or plant driveway. So far
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as it has been possible to collect data, the following list, correct to
August 1, 1919, shows industrial concerns in the United States
and Canada using from 1 to 11 concrete oil storage tanks or
reservoirs and the capacity of the storage listed:

ARIZONA
Year Capacity
Company Location Built Gallons
Queen Laundry ....... g o e A e I SDED, 1918 18,500
ARKANSAS
Ozark Refining Co.....oc0tn. S b NI ..Ft. Smith 1912 260,000
Lignite Products Co........... e S A e Camden 1917 12,000
CALIFORNIA
‘Alsgociatedi“Oil s Go.: i ol KRS rat. «.....San Francisco 1910-11 337,500,000
Union Oil Co. of Cal................. ..San Louis Obispo ....... 190,000,000
Kern Trading & Oil Co...c.ovvvvvennnnns Bakersfield 1913-14 100,000,000
Standard Oil Co.......... RN e vy e DA PN ciSeo, 1906-15 60,000,000
UnionHOilC oyl ohis % & s 8w v.ef oo Port Richmond - ....... 40,000,000
General Petroleum GOTD" SR 1o el ..Los Angeles 1915 21,000,000
So. California Edison Co................. Los Angeles 1911 2,000,000
W LB, Samesontsise ee-v Yl SR A ....Corona 1913 110,000
Indian s VallEYA RY G AC0n arefe o srotsfotshe sl sloite ot Paxton 1917 32,000
Libby, McNeill & Libby............c..... San Francisco 1916 16 000
Napa Valley Electric Co...c.ivuuuennn ...St. Helena 1912 10,000
CONNECTICUT
American Brass Co........... IS AT I Torrington and
Waterbury 1918 1,320,000
New Departure Mfg. Co....... DRSO Bristol 1919 500,000
LawtonAeMills HE€orp Hus i 8= L1 X te e i Plainfield 1919 225,000
Yale:' & Towne Mg mColl 8o 5l Al e pStamfordii sRtags eIt 117,000
French River Textile Co...... A e Mechanicsville 1919 110,000
Versailles Sanitary Fibre Co............. Versailles 1918 72,000
TFafnir Bearing Co...... ok i By o oIS New Britain 1919 36,000
FLORIDA
St T olns L ElectficT G0 vt e it ke o fere s St. Augustine 1919 53,000
Southern Utilities Co....ovvvvunnn s osere M AT 1919 50,000
Southern Utilities Co..oovvvvevnviiinnens Arcadia 1919 30,000
Sto. Angustineifcd 'Cox . ¥ 0 L TR ..St. Augustine 1919 28,000
Southern Utilities Co...........ive. «+... Palatka 1919 28,000
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