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PREFACE.

Qe — 210

Y intention in this work is to supply a great want, namely, a set of thoroughly practical
instructions and book of reference suitable for the workman that he may safely use as

his guide in any job, however intricate, in the art of plumbing.

Part of the subject matter of this work has already appeared in journalistic form, to
wit: in The Building News, The Scientific American, The English Mechanic, The Plumber and
Decorator, The House Decorator and School of Design, &e., &c., and has already met with the hearty
approval of those competent to judge ; and as my rights are reserved, and having been pressed by
my numerous readers to reproduce it in book form, I have rewritten it, and added a large

amount of new matter and engravings suitable for an Encyclopzdia of Plumbing.

I have also given a series of Examination Questions suitable for Schools of Plumbing, and’

which every good Practical Plumber should be able to answer with ease.

I have also given copies of the Waterworks Acts of Parliament and Acts of Parliament
relating to drainage, ete.

I have also given a few Specifications of Plumbing, suitable for Architects and Builders. The

drainage portion of this work is thoroughly exhaustive, not only suitable for houses but for
stabling, cow sheds, &e.

I have treated upon every subject connected with the plumbing trade, and have embodied in
this work all the theoretical and scientific knowledge necessary for the elucidation of the subjects
treated of, and have at the same time carefully excluded all unnecessary learned dissertation, as I
think that much theory, although extremely interesting to some, would be somewhat irksome to
the practical mechanic, and would in a measure defeat my object. Therefore, I have made
simplicity of language and clearness of elucidation my particular aim ; and, if my fellow-workmen
appreciate my efforts, and find the result of my long experience useful to them, I shall be
amply repaid for my labour. For those for whom this work is too large or expensive I have
been asked to produce a small pocket-book, which I am now engaged upon, and which will

be useful to the apprentice, more especially as the price will be very low and at the command
of all.






APOLOGY.

HAVE written all my works upon this trade before publishing one bock, and I feel it

almost necessary to apologize to my readers for the apparently extreme length to which
my writings have run; but, as in our trade there is such variety of different methods and modes
of doing plumbing in different localities, it is absolutely necessary that these manifold
inventions, and the different methods of work, should be known by the modern plumber ; and
unless the minutiz of the various operations be thoroughly entered into, suitable for all these
different villages, towns, and countries, the plumber, when he is transferred from one shop
to another, feels himself to a very great degree out of place, which none know better than
our best workmen. Therefore, I beg to be excused for putting the various styles before you,
80 that you may judge which is the best. In fact, my particularizing so minutely the various
styles in use, I consider, constitutes the chief value of my works ; more especially as the modern
plumber is supposed to know, not only the most suitable articles for his particular class of
work, but where the same may be obtuined. This fact is more than proved by the multitude of
letters which I have answered through the different trade journals, more especiaHy through
the pages of the Building News, English Mechanic, Plumber, &c., to say nothing of scores weekly
by post, and which I will alwa,ys continue to answer.
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INTRODUCTION.

LUMBING in all its branches as practised in England at the present day demands a very extensive
range of knowledge, for without an intimate and accurate knowledge ofthe rules to be hereafter
observed, which rules are the result of much careful observation, experiment, and research, it will be
impossible to practice the art in an efficient manner. We are all sensible of the fact, so far as sanitary
plumbing is concerned, which I consider only a very minor part to learn, that in large towns, country
mansions, farms, &c., health and life are in a measure dependent upon such work; and, in order that we
shall be able to judge rightly, it is all-important that we should understand both the theory and the
practical part of the work, together with the old and new styles of doing the same. I may here mention
that I have worked hard at the practical part of plumbing work, including such as is done in chemical
works, distilleries, breweries, mansions, farms, &. Notonly have I worked with my hands, but I have
made the theory my particular study for over a quarter of a eentury, and I have spent many thousands
of pounds, which I have derived from my patents, &c., in teaching myself not only the practical part,
but the chemical and theoretical work, together with the best methods of doing the same. I may add
that in order to obtain this knowledge, I have visited and joined many trade and other societies, the
former of which I have learnt a great deal from, and I have worked in journeymanlike manner, sub-
rosa, in the employ of the best full paid plumbing establishments in England, Scotland, and America ;
and, in order to well ground myselfin the historical part of the work, I spent, as may seen by the visitors’
books, the greater part of the years 1876,’77, and *78in the Great Seal Patent Office, the British Museum,
and our South Kensington Museum libraries, &c., gleanings wherefrom I shall place before you,
in order that you may determine for yourselves whether we are advancing or retrograding
in our work.

Now, my experience teaches me that, although the art of lead working may be acquired in the
ordinary term of an apprenticeship, the plumber’s work, as now practised in England, takes double
this time, inasmuch as the plumber, as the age requires, must not only be a skilled lead worker, but
he must also be well versed in water-closet work, the theory and practice of pump work, including the
fixing and repairing of hydraulic rams ; also bath work, which latter requires a knowledge of the
principles regulating the circulation of hot and cold water. He must also have a knowledge of zinc
working and gas fitting, and be able to carry out efficient methods of ventilation; and should have a
thorough knowledge of pnewmatics and hydraulics, especially of that branch of the science which
treats of the pump and the flow of water through pipes and valves. A knowledge of plane geometry
(I have written & work on this science expressly for plumbers) is, moreover, indispensable to the
plumber ; and, finally, I would have every plumber a proficient lead burner, which, I am sorry to say,
not one out of five hundred is.

After what I have said, no doubt my readers will feel a little alarmed, as it cannot be expected
that every journeyman plumber would be able to spend thousands of pounds in learning his trade ;
but I write this only to show what the present age, through the sanitation bubble, requires. We have
the quasi-sanitary engineers to please, and by the latter we are sometimes examined at our examina-
tions; and, unless we can talk to them in their own language, although well up in practice, we
are counted by them as a sort of outsiders. In fact, they make nothing to do of crediting us as being
an arbitrary class of men, and they expect that we must be not only plumbers, but, under their present
system of working their examinations, &c., we are required to be thorough scientific individuals—in
fact, nothing more nor less than engineers, chemists, metallurgists, and finished philosophers.

But we will away with all connections with the quasi-sanitary engineers, and follow the works
suitable for the young plumber. \
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I shall now introduce to your notice a syllabus of work for a class which I was appointed to
teach at the Polytechnic Institution, 809, Regent Street, London, in the year 1882, but which,
of course, you would not be required to master at one examination (I may say that Mr. Wright Clark
is now teacher at this School of Plumbing) :—

SYLLABUS.

1. The properties and qualities of lead, zine, and tin; of iron, white and red lead, lead oxides, cements, ete.; the
special uses to which any of these various substances are applied in plumbing.

2. The action upon lead, zine, and tinof air, of different qualities of water, of the commoner acids, of sewage gases, ete.

3. Solders and soldering; composition and use of the various solders; fluxes and soldering fluids; theory and
practice of soldering; soldering bits; blowpipes; brazing; autogenous soldering.

4, The tools used in plumbers’ work—their forms, uses, ete.

5. Manufacture of the metals into the various forms in which they are used in plumbing ; cast sheet lead ; milled
sheet lead ; rolled zinc; galvanized iron; casting lead tubes: coating tubes internally.

6. Gas-fittings; measurement of pressure of gas in a main or pipe; forms of burners ; gas-meters, wet and dry ;
gas-valves.

S Sanitary arrangements in dwelling-houses (town and country) and other buildings; common defects ; methods
of testing drains, soil pipes, ete.; principal points to be attended toin (1) fitting new houses, (2) remedying existing defects.

8. Water-closets and their fittings; service boxes; waste-water preventers; earth-closets; ash-closets, etc.; baths,
sinks, urinals.

9. Water-supply for houses; dangers arising from insufficient or impure supply; house cisterns—their construction,
position, management, and care; filters; water-moters; arrangements for collecting and storing rain-water; connection
between disease and water; dangers of water from surface wells; dangers from connection between cesspools and
water supply.

10. Roofing ; rain-drainage of houses; external plumbers’ work.

11. Varieties of traps, D-traps, S-traps, bell-traps, etc.—their use and abuso; soil pipes; connection with the
drain; connection of drain with sewer; ventilation of soil-pipes and drains; sizes of pipes; amount of fall required ;
olll)jections to brick drains; proper materials and constructions for drains ; joints for drain pipes, and methods of laying
the same.

From the above it is plain that you must know all about zine, iron and cement, the action of
air, the different qualities of water, acids, sewer gas, &c., on lead, zine, and tin, and brazing;
then you are expected to know all about rolled zinc, and galvanized iron, &ec., gasfittings, gas
meters, &c., filters and water meters, all of which we are supposed to be familiarly acquainted with.

Before I conclude this preamble, I wish to draw the young plumber’s attention to that which I
consider to be only a snare, and which is to be found in the syllabusses, and in most of the text books
of mechanical writers, and that is the present method of gaining the certificates by way of book-
learnt answers. I'may add that by far the most of our best plumbers lack in deseription,—that is to say,
although they may be thoroughly practical men, they cannot elucidate their ideas upon paper, and
nearly all those book-plumbers that can, I am sorry to say, are men who can only do a certain class
of work; and as a rule these men have a general smattering of sanitation, and owing to this mania
they find no difficulty in making themselves heard, to the very great detriment of the real plumber.
Therefore, although I write this and my other works upon the trade, be it distinctly understood that
upon no account should vou consider that you will be a bit the better for reading them, so far as
regards the art, without thoroughly practising every line there laid down; you will be utterly
disappointed, and by practical men always snubbed, although you may from the study of these works
be easily enabled to gain medals, mentions, and certificates, which to my mind—although I hold many
of such—would be entirely worthless without the practical part, as there is more value in the little
finger of the practical man than in the whole body of the theorist.

I bave many letters of recommendation from, nearly every trade journal both in England and
abroad, from a few of which I have great pleasure here to give a few extracts, and I am pleased to
say that many of my readers—unsolicited—have been kind enough to indite in the following terms :—
In aletter dated September 12, 1881, the celebrated sanitarian, Mr. Geo. Jennings, says: * I have read
with interest your able articles in the Building News,they are to young plumbers grains of gold, and very
useful for references ”; and in a subsequent letter he says: ¢ No one but a thorough practical
plumber can judge the merits of your very valuable writings.” In a letter from Dr. Robert Ellis, of
the Raven Spring, Mitcham, dated December 12, 1881, he says: “ Your papers in the Englisn
Mechanic, the very best scientific paper in the world, clearly show me that you are one of the few men
whose knowledge and skill go hand in hand.”

These are only two letters out of many hundreds which I have received from the leading plumbers
and sanitarians of the day, such as Mr. Buchan, author of ¢ Plumbing.” This gentleman in a
letter says: « I cannot understand how you get through so much work; you arc made of stecl.” Mr.
Barnes Austin, another great author on sanitary matters, also follows up in the same strain. The
following are a few hastily picked from the beforementioned trade journals: From the Building News—
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¢« Mr. Davies really deserves great praise for the able manner in which he gives us the articles entitled
< Practical Notes on Plumbing, Plumbers’ Work, and Lead Working,” which are indeeG interesting.”
Mr. J. Pullen, when speaking at the Society of Arts’ Rooms upon my writings, &e., said : *“ To quote
the best authority on plumbing, scientific and practical, Mr. P. J. Davies says,” &ec., &c. The Building
News, in a leader on the battle of the traps, says: “ Mr. Davies has by his graphical method of
striking out the form of traps he recommended endeavoured to solve this problem, and we refer our
readers to his demonstration ” ; then it goes on to say, ¢ Mr. Davies’ improvements are steps in the
right direction.”

Mr. Daniel Emptage, Sanitary Engineer, Dane Hill Sanitary Works, Margate, in a letter to the
Building News says: ¢ Mr. P. J. Davies has been doing good service for some time past by publishing
in your columns his practical notes on plumbing, and I, for one, thank him very much for them.”

J. W. Holland in writing a letter on traps &c., to the Building News, 4th November, 1881, says *
« There is no doubt great good will proceed from the opinions and experience of the several corre-
spondents who have taken part in the controversy, especially from the able and practical articles
written by Mr. Davies.” -

In the Building News of November 18, 1881, on page 675, Fairplay writes as follows: “ Many
thanks for Mr. Davies’ splendid articles on plumbing: they make one fancy being at work when I
read them.”

Mr. J. Pullen, Junr., the well known plumber and lead burner, says in the Building News of
November 18, 1881: “I only know Mr. Davies to be a thorough plumber, whose only connection
with us is the unity of ideas, the result of training in sanitary matters from our youth upwards.”

Mr. Hellyer, author of the ¢ Plumber and Sanitary Houses,” in one of his lectures, says (which I
quote from the Building News): *“ He was glad Mr. Davies had found out the way to improve the
D Trap.”

Mr. J. Willis in a letter tc the Building News, January 20, 1882 says: ¢ Your articles on
plumbing are exceedingly good.” ‘¢ Mr. Davies’ writings are too plain to be misunderstood.”

In an article in the Building News, March 3, 1882, on the competition tests held at South
Kensington, it says: ¢ Mr. Davies practically exhibited to the competitors some capital specimens
of lead burning, and if other experienced plumbers were to illustrate different branches of handiwork,
these examinations would be the means of conferring great benefit upon the younger members
of the craft.”

In a leader headed ¢ The National Health Society,” in the Plumber and Decorator for April 1, 1882,
page 76, it says: “ Some lead burning was done by Mr. P. J. Davies, who, by the way, has already
made himself famous by his inventions and various workings in the different branches of the plumb-
ing trade.” ‘ Mr. Davies performed some excellent specimens of flat and side or horizontal burning,”
it also says: ““and in the production of some first-rate specimens of upright lead burning, having the
appearance of split peas carefully laid in order,” also, *“ We could well do with a few more members
in the plumbing trade, who would take as much trouble to instruct brother tradesmen as Mr. Davies
does.” :

Mr. Buchan, a gentleman of no small standing in our trade, in writing to the Plumber and
Decorator, says: * Sir, I have read with much interest the able articles by Mr. P. J. Davies,” and in Mr.
Buchan’s book on Plumbing (see the fourth edition, page 289), he says: “ Mr. P. J. Davies has both
experimented and written much in connection with plumbing.”

A letter from T. Moore, a forty-year plumber, of Raymond Buildings, Gray's Inn, to the Building
News, May 15, 1882, says: ‘I cannot imagine anything more simple than the very practical lines laid
down by your able author, Mr. Davies, who I consider has given to the plumbing trade a first-rate
method of setting out the principal part of their work.”

Anotlier plumber writes to the above journal, May 5, 1882 and says: ‘ Had such men as Mr.
Davies stepped forward some twenty years ago, with their systematical teaching, we at this time
should be in a far better position. Mr. Davies’ plan is the correct and proper method for every
plumber to adopt.”

The following is a copy of a letter sent to the House Decorator and School of Design, dated April
22, 1881 :—

¢ Sir,—Kindly allow me, as a subscriber from the first, to express my best thanks to Mr. P. J.
Davies for the valuable and prompt information I received from him on June 26, inst. The advice
about work he then gave me I find, after a good, fair trial, gives every satisfaction, and shall count on
him being one of the best friends of a young plumber. By inserting this in your valuable paper you
will greatly oblige.—Yours respectfully, J. JosoNn.”
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The following is a letter to the Building News of 18th October, 1882 :—

¢« S1r,—I beg to offer my thanks to you for the practical articles which have appeared in your
journal on plumbing. They are very good and practical to the back-bone, and have been the means
of perfecting many a plumber. I want to know whether you intend to give a few articles on pump-
work, as this is very much needed, especially amongst the working plumbers of London, for they very
rarely get a chance to see anything of this branch until the job has to be done. Of course, full-paid
plumbers cannot very well say that they cannot do it; otherwise the ¢ sack’ is the result. T am told
that Mr. Davies is a first-rate country hand, and, if so, he is the very person that can lay down some
very simple rule whereby the London plumber could do a pump job. What is wanted is an insight
into the old pumps, especially for repairs ; the fixing of a jack and also a lift-pump, the size barrel -
for a man to work easily, and the size of air-chamber for the pump. I am sure if you will let us have
something of the kind, you will, as you have done by publishing the other articles (especially the
lead-burning, which I asked for), bestow a great favour upon the plumbing trade generally. I should
not like to in any way interfere with Mr. P. J. Davies, but shall not think his articles are complete

without pump-work and water supply generally.—1I am, &c., st Propauates

¢« Model-buildings, Mint-street, Borough,
October 9th, 1882.”

In another letter to the Building News of June 27, 1884, under the heading of ‘° Plumbing,”
written by S. R., may be seen the following, “I do not believe that there is any work on practical
plumbing except Mr. Davies’ articles in this paper. I understand ‘practical’ to mean a work
in which full and ample directions are given to the intelligent amateur. That is just what several
pretentious works do not give.”
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78, Earr’'s Courr Roap, KENSINGTON,
H H
q LonpoN, ENGLAND.
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STANDARD PRACTICAL PLUMBING.

LEAD, AND ITS MANIPULATION.

LEAD was probably discovered by the accidental light-

ing of a fire onthe ground. Saturn was the ancient
name given to this element, which has been known from
the most distant time, probably long before any other
metal. It was common at the time of the Exodus. Its
easily accessible and abundant ores possess many valuable
qualities calculated to make it noticeable by uncultivated
races. We read of the Israelites taking leaden spoils from
the Midianites and ordering the same to be melted up into
leaden statues. In fact, we read of lead in the Bible asa
very lasting material for ltfers. Tablets of lead were
anciently used to write upon. Pliny speaks of lead leaves
for books. The triumphal song of Miriam, 1491 B.0., says,
«“They sank as lkad in the mighty waters,”” which proves
she knew its property of density and its consequent value
to the ancient Egyptian fisherman.

The Age of Lead.

This must be judged by that of the rocks. Lead is found
in the secondary formations, in the primary and transition
rocks (except trap and serpentine) ; in porphyry, syenite,
the lowest sandstone, and occasionally in coal strata.

The World’'s Production of Lead in 1881.

Herr Landsberg, the general manager of the Stolberg
Company, has, in an annual report to his company,
given an estimate of the production of lead in Europe
for 1881. The following is Herr Landsberg’s estimate for
Europe :—Spain, 120,000 metric tons ; Germany, 90,000 ;
England, 67,000; France, 15,000; Italy, 10,000 ; Greece
9,000; Belgium, 8,000; Austria, 6,000; Russia, 1,500;
total, 326,500. Herr Landsberg estimates the production
of the United States at 110,000 tons. As the output of
Mexico, South America, Canada, and Australia is small,
it is probably safe to assume that the world’s production is
about 440,000 tons of lead. This does not include China,
which is a heavy consumer of lead, and is not unlikely a
producer of some importance ; nor does it include Japan, of
whose output we have no figures. It will be seen, there-
fore, that the United States takes second rank among the
lead-producing countries of the world.

Galena, or Sulphide of Lead,

The above is the proper name for lead ore. It is widely
spread over the globe, and is dug out of the earth; washed,
gunded, and laid in heaps like so much clay, mixed with

e coals and a little quicklime, and the lot fired (like so much
clay for ballast). After the batch isall roasted at a moderate
heat, about one-half is converted into sulphate of lead ; the
sulphate formed having been mixed up with the unaltered
portion of the ore, increase the temperature rapidly, so as
to flux the two together, which converts the mixture into

sulphureous acid gas, which escapes, and pure lead is left
behind. In this process the sulphur of the unaltered
galena mixes and combines with the sulphur and oxygen of
that which is oxidized.

Ores of Lead.

The following is a table exhibiting a view of the
different states in which this mineral may be obtained :—

First, Sulphurets.

1. Galena.
2. Blue Lead Ore.
3. Black Ore of Lead.

Second, Oxides.

. Earthy Ore of Lead.
. Arseniated Protoxide.
. Arseniated Peroxide.

Third, Salts.
. Carbonate.
Muriacarbonate.
Sulphate.
Phosphate.
Molybdate.
. Arseniate.
. Arseniophosphate.
mate.

The first is the most valuable, and nearly all the lead of
commerce is obtained from it. It is found in abundance in
almost every part of the world. In England we get large
quantities from Cumberland, Devonshire, and Derbyshire.
‘We also get splendid lead from Spain, called soft Spanish,
used for caulking iron pipes. We also get large quantities
from America. The ore is diffused through more or less,
with dein-stone or gangue ; 100 parts of pure galena com-
prises 86-56 lead and 1345 of Blﬁph . In some parts of
the world the lead ore may be dug off the surface of the
earth, which would account for its very early use.

Galena is often impregnated with other metals, such as
silver, iron pyrites, antimony, gold, &c. Other bodies are
often found with galena, such as blende, mispickel, fahlore,
calamine, quartz, dolomite or pearl spar, barytes, fluor spar,
cale spar, and many other bodies., All these substances
have to be got rid of in order to obtain pure pig lead.

Mouch silver is obtained from lead, and as much as one
per cent. is at times, though very rarely, extracted from it.

An ore containing eight ounces of silver per ton is a
rich ore.

An ore containing two ounces of silver to the ton may
be worked forits silver profitably.

There are various methods of obtaining the silver fror.
the lead according to the country, but that now generally
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18 LEAD AND LEAD MINES.

used is known as Pattinson’s process which will be spoken
of hereafter.

Returning to the lead ore, let us see from whence and
how it is obtained. The first question has been partially
answered, namely : It is dug out of the earth, and it is
found in abundance in almost every part of the world.
The Cornish miners have always been experts in tracing
mineral trail.

‘When they trace the mineral from the bottom of a valley
upwards it 3s known as shoading, and the round bits of
mineral so found are known by the name of shoad stone.
‘When they dig or bore for the mineral, it is known as co-
steaning. They dig or bore the holes at right angles to each
other in the supposed direction of the lode. When dug
they often drive headings into each other; in fact they
thoroughly honeycomb the earth below, and examine it
with the keenest attention. Afterwards, should any
mineral be tracked, the miner’s next job is to trace the
direction of the vein or lode, often driving or tunnelling
an adit which shall act as a working entrance, and drain
the mine at the same time.

The lode is thus tracked often from the bed of a river to
the highest point of a hill, or to what is kmown as the
¢ broil,”” or head of the vein.

Shafts are often sunk through the side of a hill, and
so the miners are enabled to meet each other as directed
by their ¢ Captains.”

I may mention that each lot of men, from foreman to
master, has their peculiar title. The principal man of
business, as may be expected, is the ¢‘Purser.”” The man
directly under him is the ‘‘Captain’’; the men under him
are the underground and ‘‘ Grass Captains.”” The work
set aside for these latter men isto superintend the prepara-
tion, cleaning, and dressing of the ore, and other work
on the surface; hence one reason why they are called grass
captains. The captains look after the pumps, the timber-
ing of the chambers, shafts, galleries, &c.

There are two classes of miners, known as the under-
ground and surface men. The underground men are
divided into two gangs, ‘Tutmen’’ and ¢ Tributers.”’
The tutman sinks the shaft and cuts the underground road
or adits, galleries, &c., whilst the tributers make use of
these roads to get the precious ore to the surface.

These tributers in reality are speculators. The money
(except the sist money) they earn is by percentage, and
varies according to the market, and according to the
mineral, which at times is very widely different. Often
they can earn 13s. or 14s. in the pound, and at other times
not 6d. in the pound.

It may interest you to know in what way the miner goes
to work. Iwill tell you. His costume when at workis a
tight-fitting flannel suit, consisting simply of a shirt,
trousers, cap, and strong shoes. He has a broad-brimmed
hat, with a light in the front, usually a candle, and a
lump of clay to cemeni the candle to the hat. Fully
equipped, away he goes on hisrout through adit, well, pit,
or shaft, at times clinging to ladders, &c., perhaps first on
one stage then on another. At times not a breath of air is
to be felt. Nothing can be more injurious or dismal than
a journey through these mines by one’s self, to say nothing
of the difficulty and tediousness of the task when explor-
ing the same. In fact, to a stranger my advice is, not to
attempt to go too far at one journey, more especially if of
a weak constitution.

I hayve been in many lead mines, and can say that of all
places I know (except a 3ft. barrel drain), the lead mine is
the very worst to explore. Should you like to visit a lead
mine, I recommend you to take a trip down to the famous
Tamar lead mines, near Beer Ferrars, on the river Tamar,
dividing Devon from Cornwall.

Suppose yourself to be descending into a mine, and at
last to have reached the bottom. The first thing is to

stoop and make your way through the narrow levels.
Perhaps after a few minutes’ walk you will be startled b;
hearing sounds; and, greatly to your surprise, you w:.ﬁ
find a miner at work. You will see something glistening
in the dirty-looking lead ore. These may be in lumps or
otherwise. Perhaps it is an ore which contains much
silver; then this ore will not have such a shining, speckled
appearance. Perhaps the ore is most beautifully spangled.
This is ore without much silver, and is the purest galena,
especially if found in bulky batches. The miner perhaps
tells you that he is in a limestone rock, and is doing well ;
or perhaps he has just hit upon sandstone; here his labours
cease. It might be that he has come across a bed of slate;
this is sudden death to his work.

He may tell you that he is at work on the left or right
hand side of such aud such a hill; or that he may be
working under the Tamar river, and that the lead ore is
generally found slanting to the left or right of the rock ;
that he likes it to continue to dip, etc. He will also tell
you that a lode is simply a fissure or erack in the strata,
filled with a variety of minerals, such as crystallized silica,
or quartz, or fluor spar, etc. He will also tell you that
there is no certainty with mineral veins; that they run in
an easterly or westerly direction, and that they vary from
a very fine layer to 20 or 30 feet in thickness. He will
perhaps say that the ¢‘ deads’’ are so great that it is not
worth working, meaning that it is nearly all rubbish.
These ‘“ deads” are often seen in great heaps, like the earth
thrown up in a quarry field, etc. The miner will most
likely also say that there is a miner or two at work below,
and perhaps above himself.

Caution ! —Remember this, that you may, before you get
back, experience a severe attack of cramp ; or if not during
the journey, you will when you retire to rest at night.
You pass on; next you come to a winze. This is a great
hole or perpendicular shaft, used to connect the galleries.
Here sometimes the greatest care is necessary to keep from
falling below. This winze, at times, also acts as a ventilator
to the galleries. I may add that these winzes are nearly
always infested with carbonic acid, and that the ventilation
is invariably bad; consequently, the lead miner’s life is but
a short one, though, so far as outward appearances go, the
miner may seem to be a strong, robust sort of man. For
my part, I say that there is no reason why a lead mine
ghould not be properly ventilated; and I would have it
enacted that they should be always worked on a principle
that would give perfect ventilation.

The lead mine is worked on a somewhat different scale
to anything I know of. A mine, divided by galleries and
winzes into compartments, say 30ft. long and 60ft. high,
known as ‘¢ Pitches,”’ are let by ¢ Dutch Auction,”” or
leases to say three to five miners, for a matter of three or
six months. A rich vein may suddenly be met with; or,
on the contrary, a rich vein may, owing to some subter-
ranean freak of nature, have taken a heave, or dwindle
away to nothing but ‘‘deads.”” Or, perhaps it has gone
up or down, to the delight of the tributers. Sometimes a
lode which is a very profitable one ¢‘ takes horse,”’ by being
divided by another lode of nothing more nor less than
“deads.””” Perhaps it is all ¢‘ Fluckans’’ (slate clay).
Here the miner must search for his rich lode. He may
not like to proceed with this search, though it is perhaps
within a few feet of where he is at work. He becomes
disheartened with his pitch, and resigns his work on
payment of a fine of twenty shillings.

Of course the ore has to be brought to the surface or
grass, which may be and is done in many ways.

Now, supposing you to have made a thorough examination
of the mine, and are again on the ‘‘grass,” you will want
to know what is done with the lead ore. Now, as the
galena when found is scarcely ever in a sufficiently Fure
condition for roasting, it has to be sorted and cleaned from
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a lot of earthy matter, sometimes by ‘“hand dressing’’ or
by the use of sieves, ete. At times it is thoroughly washed
in sieves and troughs of water, the ore being stirred with
shovels, etc. This is known as the ‘‘standing buddle’
system; it is something like washing sand for plasterers’
use, etc., but when there is a plentiful supply of water the
ore may be advantageously washed in the troughs. This
is known as the ‘‘running buddle.” .

The next operation is the crushing, breaking, powdering,
or pounding of the ore. This may be done in various ways,
with stampers, with mortar and pestle, or with a regular
steam crushing mill. ¢

After the crushing or stamping is completed, the ore is
washed, and the fine ore is carried forward through a fine
sieve, etc.,and the fine ore allowed to settle in the pits, etc.,
which are often connected to the stamping mill box.

Of course the object of the stamping and washing is
understood to mean that it is necessary to have the oresmall _
and clean, or free from the ¢‘deads.”

Next is the ““nicking buddle,”’ This is simply a trough
at the head of another long flat trough. The first trough
is something like the head pan of a frame or casting table
{see Fig. 12], and the second trough is like the table. At
the foot of the second or long trough is another trough
like the foot pan of the table.

The ore is put into the trough, and a good flow of water
is made to play on it. The ore is next knocked about with
a kind of scraper with long handle. The water in this
way carries off all the earthy matter, and leaves the
mineral behind. Next is raking the ore. This is only
another kind of ‘‘nicking buddle,” for the better cleansing
and detecting the finer particles of ore. Here the ore is
placed on a shelf, water is freely admitted, and by constant
~ and steady agitation the dirt is carried away, and the
. heavy ore left upon the floor of the rack, which is also
called a cradle. To conclude, I may say that this system
of washing is based on the principle of the different specific
gravities of the earth and ore, the best ore being the
heaviest. After all this is done the ore is mixed in certain
quantities, and is roasted in a reverberatory furnace, and
so the galena is reduced to its metallio state.

The lead ore is spread out over the hearth of a reverbera-
tory furnace. The furnace being red-hot, the heat soon
causes the mineral to flow, and on its being stirred about,
in order that the air may have free access to the sulphuret
of lead or galena, it converts it into a sulphate of lead.
Now the fumes of lead convey a considerable quantity of
the metal away, sometimes as much as 10 per cent. The
flues, therefore, should be of some considerablelength, so as
to condense the fumes, and thus catch the metal held in the
smoke for resmelting and otherwise treating.

After the roasting has been continued for some time, the
old skimmings, or what a plumber would call dross, from
the last lot should be again thrown into this batch, and well
stirred up; then run the lead off. Next the fire is reduced,
and some quicklime thrown upon the lead, which produces
gilicate of lime, and sets free the oxide of lead. Next
raise the fire and run more lead off. Now throw more lime
on in excess; this causes the slag to solidify, and it can be
easily removed when another batch is to be worked as before.

I should state that there are various kinds of hearths
built, according to the country.

Separation of Silver from Lead.—English
Cupellation.

There are various methods for the separation of silver
from lead. This process is conducted in a kind of rever-
beratory furnace, with moveable hearths. The hearth is
formed of an ellipsoidal ring of iron, with supports across
the bottom to form a kind of nest, which is lined up with
bone ashes, moistened with a solution of pearl ashes,

sufficient to make the powder slightly cohesive. This bed
is inclined towards the centre, and into a point of about
one inch in surface. After the hearth has stood for a week
or ten days to dry, it is ready for use. Thisoval and taper-
shaped hearth is then put into a reverberatory furnace in
such a manner that the flames will play over its surface.
At one side or end is an air blast, driven by a fan, ete.,
fixed in such a manner that this atmospheric blast can at
all times play upon the surface of the lead ; a jot of steam
is also at times introduced to condense any fumes passing
over the hearth.

After the hearth has been brought to a temperature of,
say, a dark red, the lead, which should be kept fluid in a
pot close by, is poured into the hearth, and the blast put
on. Now raise the fire until it reaches a bright red heat ;
then the formation of litharge, by reason of the atmospheric
blast, rapidly takes place; the lead is, in reality, being
reduced to dross, which is allowed (by the blast) to be
blown off.

This blast answers two purposes, viz., it keeps the
surface of the lead clean, so that the fire may better act
upon it, and at a certain oxidizing heat; it also conveys
fresh oxygen to oxidize the surface of the lead. As the
formation of the Iitha.rﬁe takes place, so it is by the blast
blown off, and is collected to be again converted into
metallic lead, which will be spoken of further on.

As the lead is thus reduced, more fresh fluid lead is put
upon the hearth, which should be kept at a constant depth.
The hearth should hold from five to six cwts. of metal,
which may be reduced until there is no lead left. Here
the silver will be seen in its bright fluid state, which
will remain.

‘When four or five tons of lead have been thus reduced,
and the mass in the hearth has been concentrated until it
contains about eight per cent. of silver, the fire should be
stopped, and the hearth withdrawn, and the contents run
into moulds. Then a second lot of fresh lead should be
treated as before. The cupel should last forty-eight to fifty
hours, and reduce eight or nine tons of lead, more or less.

The Secondary Operatlon,

The concentrated lead having the eight per cent. of silver
now requires especial treatment. The cupel as before used
is brought to a brighter red heat; 500 or 6001bs of lead are,
as before, melted, and put into the hearth, and the strong
current of air applied as before. The litharge flows off as
in the first stages of reduction, until about three tons have
‘been again reduced. Here we get something like 500lbs.
of gilver. The adding of fresh rich lead is stopped, and the
silver allowed to purify with the heat.

Here a splendid phenomenon takes place, viz., the
‘“brightening.” The fire is then stopped, and the silver
allowed to cool slowly. The lump of silver is then taken
out, and ready for refining. The litharge produced by the
last lot of reduced lead is richin silver; this litharge isthen
reduced to metallic lead, and usually contains thirty or
forty ounces of silver to the ton of lead, which is treated by
concentration ; then, after this, the lead is converted into
litharge, when silver will remain. After all the silver has
been obtained from the lead, let us see what is the use of
litharge.

Pattinson’s Process.

I have explained one method of extracting silver from
lead, and how litharge may be formed, and the manner
in which it is again converted into metallic lead, but have
not told you the method of extracting silver from lead by
Pattinson’s process, invented in the year 1829, which really
in England saves on the average from two to three thou -
sand ounces of silver from being thrown away annually.

Pattinson’s process is simply a method of skimming the

B 2
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lead at a low heat. Three or four tons of lead are melted in
a pot (called a kettle), then it is allowed to cool down
gradually and equally ; by so doing a number of small crys-
tals form in the mass. These crystals are nearly pure
lead, whilst the other fluid contains proportionately more
silver. If the crystals are lifted from the pot with a per-
forated ladle, the argentiferous fluid will fall through, and
the poor lead may be put into another pot for another
melting down and skinming, because in the first skimming
all the silver has not been removed. Notice: The lead
round the sides of the pot cools first. This must be broken
away and thrown back into the pot, and kept in small
lumps. Now if the poorer lead be again run downm, and
again allowed to cool, a second skimming can be per-
formed, and the lead lifted by the ladle is so much the
poorer from silver, whilst that left behind is not so rich in
silver as that left in the first pot; the crystallized portion
of the lead is subjected to this treatment several times, and
80 it becomes poorer and poorer until at last there is not
any silver to be obtained from it, when it is turned out as
commercial lead. The lead left in the pot is subjected to
this kind of treatment several times, unfil at last a very
rich lead, highly charged with silver, is obtained. The rich
lead is then sent to the cupelling furnace, and reduced to
litharge, as before spoken of. I should say that from ten
to twelve pots are often used, all set in a row, for this pur-
pose. Say that you have a No. 1 pot, which is usually the
middle one, holding eight tons of lead, and the lead to be
just crystallized; the skimmer is then filled with this
crystallized lead, which is brought up, and for a few
seconds allowed to drain: when with a skilful twist of the
wrist the contents of the skimmer is thrown into pot No. 2.
The laddle is re-warmed and cleaned from lead, and the
skimming againrepeated until, say, fourtonsof themetal have
been skimmnied off into pot No. 2. Suppose that eight ounces
of silver to the ton were in your first potof eight tonsof metal,
but at the first skimming you skim off four tons which have
only two ounces of silver to the ton, here it is plain that
the first pot must be proportionately so much the richer.
Let therich lead be put on the left-hand side, or in pot No.
3, and proceed to melt down and skim another eight tons.
Here you get eight tons of fine rich lead and eight tons of
poor lead ; the latter only has two ounces of silver to the
ton, whilst the former has fourteen ounces to the ton. Now
remelt the lead in pot holding the fourteen ounces to the
ton, and skim it with the same proportional success or gain
for silver, and throw it into another lot of pots. By con-
tinuing this process you get the lead exceedingly rich in
silver, and when there is as much as 300 ounces of silver
to the ton, it is ready for the cupelling furnace. Some-
times the lead is brought up with 600 ounces of silver to
the ton before taken to the cupelling furnace.

Plumbic Oxide, Massicot, or Litharge (Pb. O.)

This, as 1 have already explained, is obtained from lead
by freely exposing it in a molten state to the oxidizing
influence of the common atmosphere; and, if the temperature
be kept below the melting point of the oxide produced, a
yellow powder, ‘‘ massicot,”” or dross, will be produced ;
but if the heat be raised sufficiently high to melt the
resulting oxide, then the colour will be a yellow or a reddish
ﬁlow crystalline mass, which is known as litharge.

ese two products differ widely in certain physical
qualities, but chemically they are identical with each other.

The manufacture of ‘‘massicot’’ is as follows: Upon
a flat hearth, and in a reverberatory furnace or oven, is
exposed the metallic lead, which should be kept at a low,
red heat; the film of oxide, or dross (which is the massicot),
must be removed as it is produced. After this it is freed
by grinding and subsequent levigation. This grinding is
done under edge stones, which reduces it to a state of
yellow-coloured fine powder ; it is then again levigated or

washed, whereby the finely divided massicot is carried in
suspension by the water, and deposited in a settling vessel,
from whence it is collected.

Red Lead—Phb; Oy, or 2 Pb O+Pb 0..

As the plumber has much to do with red lead (also known
as minium), I may add that massicot is the basis of this pig-
ment. The colouringis conducted in a furnacesimilarto tﬁo%
described. The massicot, or dross, is laid upon the bed of the
furnace and carefully heated to a temperature below that
of the drossing stage, or between 500 and 600° F'., at which
heat it is exposed to the atmosphere. By continual stirring
for about forty-eight hours, the hot samples get to a dark
red, which, on cooling, will change to a bright red. At
this stage close the oven, and let it gradually cool; after
this, grind and sift it for nse. Purered lead can be detected
by heating it until it assumes a yellow tint; but the brick-
dust and other ingredients used in adulteration will be of
other colours.

To return to our litharge. We have seen how to make
it, but now it is required to bring it back to its metallic
state.

Litharge melts at a red heat to a clear, transparent,
orange-coloured fluid in the reverberatory furnace with
about 10 per cent. of stone coal. The furnace is formed
of a ferruginous sand which is agglomerated by a strong fire.
On alarge scale the charge of litharge is, say, three tons.
This is mixed with coals and introduced at once. Towards
the end of about five hours the charge is well stirred, so
that the whole may be brought into close contact.

Here the charge is made into metallic lead, and poured
into pigs ready for market, &c. About three tons of
litharge will produce 43 cwt. of good lead at a cost of, say,
2/9 per ton, which is principally for labour.

White Lead. PbO, CO;—or Carbonate of Lead.

Thisismanufactured by two different methods. Theoldest.
is the Dutch method, which consists of exposing thin sheets
of metallic lead to the combined action of carbonic
anhydride, water vapour, acetic acid, and atmospheric air,
assisted by slow, gentle heat of from 107° to 140°. The
components are 112 parts by weight of lead and 22 of
carbonic acid.

The Dutch method is carried on as follows: The lead
is'curled up and put into small glass or earthenware pots
which contain about a pint of crude vinegar. A stack of
these pots is then placed in horsedung pits, spent tan,
&c., then as above noticed a certain heat is generated
by the manure. The vapour of the acetic acid thus soon
acts upon the lead, and in about forty-eight days the
surfaces of the sheets of lead are transformed into scaly
masses, which scales are the earbonate of lead. They
are got off the metallic lead by bending the sheets back-
wards and forwards or otherwise.

The carbonate of lead thus obtained is washed with
water, ground fine, and dried, after which it may be
ground in oil. Carbonate of lead is insoluble in water,
but may be dissolved in acetic or dilute nitric acid.

I may explain the theory of the above process as
follows, which should be thoroughly understood by my
reader, because then he will be better able to understand
why lead pipes, &c., are so often holed and destroyed by the
action of certain chemicals:—

The vinegar vapour which is raised by the fermenting
heat simply acts as a carrier between the carbonic acid,
which may be evolved from the tan and the oxide of lead
generated under the influence of the acid vapour, a neutral
acetate, a subacetate, and a carbonate being produced in
succession. This chemical action slowly travels from the
surface of the lead inwards, or, in other words, this chem-
ical action is due to the fact that, firstly, a lead acetate is
formed, and the acetic acid is slowly forced out from its
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combination by the carbonic acid which is evolved from
the putrifying organic matter, and thus it is enabled to
combine with another portion of the lead which lies be-
neath the scales which were first formed.

There are other methods of making white lead. The
following is of a more recent date, and consists in forming
subacetate or subnitrate of lead, which is done by boiling
powdered litharge with the neutral salt. Then bring this
solution into contact with carbonic acid gas. The excess
of oxide previonsly taken up by the neutral salt is instantly
precipitated, or thrown down, and this is the white lead.

The solution is again boiled with litharge, treated with
carbonic acid gas, and may be worked over and over again.

How to detect pure white lead : Dissolve the lead in
nitric or acetic acid, and precipitate the lead with sulphide
of soda. If chalk be present it will give a white precipi-
tate, if oxalic acid, be added to the fluid. If sulpbate of
lead or sulphate of baryta be present, this substance will
not dissolve in the above acids.

The Use of Lead.

The uses to which lead was put by the ancients were
much about the same as at present, save and except that
awful messenger of death, the bullet. I would that we
were for this reason still in the ‘‘golden age,”” when, as Ovid
£ays :

“ No walls were yet, nor fence, nor moat, nor mound,
Nor drum was heard, nor trumpet’s angry sound "—
instead of being in this age of iron and lead.

‘We read of leaden pipes from the very dawn of history.
They were much used in the olden cities of Asia, Egypt,
Greece, and Syria. David used leaden pipes; Archimedes
used lead pipe and engines to distribute water in Hiero’s
ship. The terraces and gardens of Babylon were supplied
with water through leaden pipes. Lead was also used in
other ways about these terraces. What I consider to he
most extraordinary is that the ancient plumbers generally
made their pipes, a8 we make ours now, namely in 10ft.
lengths, which is supposed to have originated, though errone-
ously, with the draw-bench in or about the year 1800.
Constantinople, for many ages past, has been supplied with
water through leaden pipes. Lead is much used by the
painter ; glass maker, and potter; also by the chemist for
many purposes.

Sheet Lead as a Covering for Roofs.

Sheet lead as a covering for roofs we can trace back to
the early age of building, which, according to Ovid, must
have been in the ‘‘silver age,”” and it has been uninter-
ruptedly used ever since. We also can trace the art of
using the table or frame for casting sheet lead to an
immense antiquity, and the modes of laying the lead on
roofs have not in the least improved, but, on the contrary,
inasmuch as that half the lead is now spoiled by the fancy
lead layer setting in the angles too sharp with box tools,
t0 give what some may call a finish to the work. Though
I for one like to see ziis class of work, if it is practised

without detriment to the lead. Hundreds of times have I |

seen 71b. lead distressed in the angles to 2 and very com-
monly 3lbs. lead. This will be thoroughly spoken of under
the head Lead-laying.

Nature and Properties of Lead.

Syméol Pb (according to Mr. G. Fownes, Ph.D., the equi-
walent of lead is 103:56). Combining weight, 207. Specific
gravity, according to circumstance, say, 11-45. Colour, a
bluish grey tint. Density reduced instead of increased by
hammering, becomes hot and opens its fissures. Fusing
point differs, generally about 612°; it always lies between
594° and 635° Fahr. If heated to fusion in the air it

soon becomes covered with a play of iridescent colours,
resulting from the formation of a thin pellicle of the
oxide. If a very strong heat is applied, it boils and
evaporates, and if exposed to the air, it smokes and
forms a very pretty sight. It affords a grey suboxide,
which clings to anything cold. Hardness, 5} (may be
scratched with the thumb nail). Malleability—It occupies
the seventh place amongst the metals. Ztnacity, extremely
low. A wire 1-13th of an inch breaks witk a 28lbs.”
strain, or, what may be the general rule, less than 1-20th
that of iron. Elasticity, very little. Sonorousness.—It is
not sonorous like many other metals, although it answers
the purpose much better than iron pipes for speaking
tubes, which is owing to the smoothness of the bore.
Crystallization.—Lead when cooled forms imperfect octahe-
dral crystals [see also the Silver Tree]. It contracts on
cooling ; it becomes permanently enlarged by repeatedly
heating, as can be proved by milk pans. Lead transmits
heat very slowly. Of the seven common metals:;jt is the~
worst conductor ; therefore it is good for hot water pipes,
especially when used in long lengths, though not-generally
known. 4
Chemical Properties. {

Lead is soluble in nitric acid (Pb 2 N 0.3). This-is th¥/4,
most important of all soluble salts of lead, and is obtained
by dissolving as much lead in the warmed nitric acid as it
will take up. This is pure white and it erystallizes in
octahedra and dissolves in eight parts of water, and when
heated strongly it yields red fumes of N O 2, Lead dis-
solved in aqua-regia is chloride of lead. Lead Tests.—
Lead may be recognised, 1st, b{ the black sulphate soluble
in diluted nitric acid; 2nd, by the white insoluble sulphate;
3rd, by the yellow iodide and chromate; 4th, by the
reduction of the metal in the form of a malleable bead,
when any of the salts are heated before the blow pipe with
a reducing agent. Lead can be detected in many ways by
sulphuretted hydrogen [see Suspected Water]. Lead is
capable of combining with most metals. Mized with a
sufficient quantity of quicksilver it remains liquid—very
important to the lead-worker, but not known. Lead
exposed to the action of damp air becomes dark coated,
which is protoxide Pb.O0 Let the action be continued and
white carbonate Pb. C O3, or white lead, will be pro-
duced, which is caused by the carbonic acid in the
atmosphere. Therefore it is desirable to keep lids (which
shoul?never be of Jead) on lead cisterns, and also to prevent
carbonic acid getting into the lead cisterns, &c. Lead is
not affected by dry air; its bright surface will remain
permanently.

Suspected Water (with Lead and Lead Test),

Having lead in solution, can be determined by passing a
current of sulphuretted hydrogen (hydrogen sulphide) (or
hydrosulphuric acid) (symbol H2S), which is best prepared
with, say, 1 oz. of sulphide of iron, FeS, and about 2 ozs. of
sulphuric acid diluted in about ten parts of water. Sul-
phate of iron will also be formed thus—FeS+H2S0y=Fe
S04+ H?S, where two atoms of hydrogen change place
with one of divalent iron. This forms a colourless gas and
is a strong poison. It stinks like a stinking water-closet.
In fact, this is, when mixed with other gases, one of the
most poisonous found in sewers and closets. You see that
it will detect lead by the same reason lead will detect this
gas. It turns lead brown and black, which can be noticed
in plenty of rain water pipe joints (if they are painted a
light stone colour and connected to sewers).

Lead for Closet Traps, Soil Pipes, &c.

These traps and %i‘pes should be perfectly ventilated to
prevent corrosion. 0 prevent the decay that must take
place through chemical action on lead, perfect ventilation
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must be maintained. So important, indeed, is it, that a
well-ventilated trap will last twenty times as long as one
not ventilated, as traps having no ventilation are con-
densers, and the action of the pent-up carbonic acid, in
conjunction with this condensed water, sets up a very
powerful corrosion, so that the surface of the trap above the
water-line becomes one mass of, so to speak, uleers, and
when, by the action of the closet, the water is disturbed in
the trap, it dissolves this oxide of lead; then this solution,
formed on these corroded or eaten parts, rapidly absorbs
more carbonic acid, and thereby creates a quantity of
hydrated oxy-carbonate of lead (PbO, HO+PbO, CO),
which is deposited in white scales. [See Corrosion of
Lead].
Lead for Pipes and Cisterns.

[See Cisterns.]

It is in some cases a good plan to fill the pipes or
cisterns with a solution of phospate of soda, 2 Na O, HO,
PO;+2.H O, which forms a protective film or crust upon
thelead. This crust is well-known to the lead worker, but
the cause to him is little known. Many kinds of spring
water, having salts in solution, especially sulphate of lime
Ca O, SO3, do not act upon lead, whilst others act very
quickly and corrode the lead. Of course this corrosion is
a deadly poison. If you limewhite out a leaden cistern
which has to hold corrodible waters, this whitewashing
will give a crust to the lead, and often preserve the cistern
from the attacking chemicals held within the water.

Corrosion of Lead.
[Also see White Lead, Lead for Closet Traps, Lead Cisterns, §e.]

Lead in connection with dissolved organic matter soon
becomes corroded, and a nitrate of lead is the result (of
course poison). Lead is often eaten away by mortar,
cement, and the like substances having carbonic and other
acids lurking about. Lead traps are often eaten away by
the action of carbonic acid and sulphuretted hydrogen
from sewers. [See account of Sewer Gras on Lead Traps.]
Ventilation is the best retarder. ILead is quickly eaten
away or perforated when in connection with wood,
especially oak, undergoing rapid decay. This is due to
the action of the acetic acid produced by the decomposi-
tion of the wood. The carbonic acid of the air and the
chlorides and nitrates in the water, often to be seen in places
where the ends of posts rest upon lead, especially when
the same is covered with water, such as cistern-cover legs
or supports. I have heard lead-workers arguing that these
perforated holes are made by a grub which is in the oak.
The holes are often called grub holes. A piece of slate or
glass between the oak and lead will remedy this.

Lead Flux.

Resin, and especially arsenic, but if an excess of the
latter the lead will become poisoned, or ¢‘ rotten,” as it is
sometimes termed. Arsenic is msed in making shot when
the lead is required to run very freely. Common salt will
facilitate lead spreading when casting. The salt should be
strewn upon the bed or mould.

Lead Experiments.

These are given with a view of leading the industrious
student or plumber into more scientific research necessary
for his calling. T should here notice that the observant
plumber will immensely improve himself by practising the
same. I intend to give scientific experiments on every
branch connected with the trade, especially in pneumatics
and hydrostatics.

“some of the sulphur is gone.

ExperiMeNT 1.—Lead Tarnishing.—Take a piece of sheet
lead and shave the surface perfectly clean and bright, then
breathe on the same ; it will immediately change colour and
become tarnished, when it cannot properly be soldered.
Cisterns shaved in this manner nearly always leak; there-
fore, after shaving lead work, the greatest care should be
taken to keep the face well away from the work until after
it is fouched, which prevents tarnishing. We take into onr
lungs oxygen, and breathe out carbonic acid gas (which is
proved by this simple experiment). The dampness of the
hands will also tarnish lead in the same manner. The
steam from wet wood when soldering will also do the same
thing ; therefore fix paper between the wet wood and lead
when soldering.

ExperiMENT II.— Uneven Ezpansion.—Take a piece of
sheet lead, say 24in. square, subject the same to sufficient
heat to cause it to bulge in the centre, and continue the
heat until it just begins to melt; then cool same, and the
same will be porous, and if beaten or bossed out with a
mallet, it will break in all directions. The cause of this is
that the molecules around the centre of the heated place
rapidly urge the outer molecules into a very compressed
state, and these when cool do not go back. The lead is
then unequally crystallized, and hence the porousness.
This experiment proves that sheet lead should never be
made unevenly or excessively hot after milling; neither
should it be made too cold. The cracks in gutters, &ec.,
are caused by this uneven action of heat. Cast lead (which
again is coming into vogue for our best class of roof work)
is therefore the best for gutters, where the same are subject
to high and low temperature.

ExperiMENT IIT.—Softness of Lead.—Take two pieces of
51b. sheet lead, subjecting them to a heat of nearly melting-
point, which will anneal same; then place a common seal
of sealing wax between the two pieces of lead on an anvil
or other thick iron substance; then strike a sudden blow
(not too heavy) with a hammer, and a correct impression of
the seal will be obtained, which will form a very good
substitute for the original seal; but strike the lead softly,
and the seal will break withont affecting the lead. This
proves that one smart blow with the mallet or other tools
(in the proper place) is better and tells more than fifty
taps when setting up gutters or werking down drips, &e.,
and especially when fixing pipes. I can always instantly
tell a good lead-worker by the manner in which he strikes
the lead, as a duffer is always afraid of making bird’s-eyes
(holes), when he has to pay, if working with others, a fine
of 1s., or half a gallon of beer, for each bird’s-eye he
makes, or take the ¢‘ bullet.”

ExperiveNT IV.—Conversion of Lead.—Take a metal-pot
half-full of melted lead, into which throw a lump of brim-
stone, then stir the lot together; the sulphur will convert
the lead into a cloggy mass. This is the lead converted back
to its original form, and is called sulphide or sulphuret of lead
or galena, PbS0;, lead ore. Then make the lot red-hot, and
this changes the same, by which much of the sulphuret
becomes changed by oxidation to sulphate—that is to say,
Thoroughly mix the con-
tents of the pot, and raise the temperature, when j:he
sulphate and snlphuret react upon each other, producing
sulphurous acid and metallic lead again. If a little quick-
lime be added, the operation will be quicker done. This
experiment goes to show that lead should not be melted
over a coke or other sulphurous fire, neither should sulphur
be brought into contact with lead. Solder melted over a
coke fire never works so well as with coal.

ExperiMENT V.— The Silver Shower —Precipitate a strong

- golution of acetate of lead (sugar of lead) with hydrochloric

acid (spirits of salts), or a solution of salt; on boiling the
solution the precipitate disappears, as one part of chloride
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of lead dissolves in 135 parts of cold and 33 of boiling
water. When cold the chloride of lead again deposits
lovely crystals—the silver shower.

ExpeemMeNT VI.—The Golden Shower.—Precipitate a
solution of sugar of lead with one of iodide of potassium;
boil the solution. The iodide will redissolve and preci-
pitate in very pretty yellow scales as the bottle cools. The
yellow precipitate is iodide of lead PbL.

ExperiMENT VII.—The Silver Tree, sometimes called the
Lead Tree.—This is an electro-chemical action of lead and
zine. Suspend in a solution of sugar of lead a piece of
zine. The first effect is the decomposition of a portion of
the lead, and the deposition upon the surface of the zinc.
Itis a displacement of a metal on a more oxidable one, but
the change will not stop short here; the metallic lead
continnes to deposit large and splendid plates upon that
first thrown down, until the solution is useless, and the
zine disappears. The first of the lead forms with the zinc
a voltaic arrangement of a sufficient power to decompose
the salt, the circumstance under which the latter is placed.
The metal is precipitated upon a negative portion—of
course, that is thelead—while the oxygen and acid is taken
by the zinc.

ExperiveNt VIII.—ZLead Test.—Write on a piece of
paper, with a solution of sugar of lead, any word you
choose. Let it dry, and you will be unable to see the
writing. Then make some sulphuretted hydrogen gas [see
¢ Suspected Waters’’] and bring it into contact with the
prepared paper, when the chosen word will come out. The
sulphuretted hydrogen is prepared as directed under the
heading of Suspected Waters.

How to Dissolve Lead.

Lead readily dissolves in nitric acid, especially if the lead
be clean, and the acid made hot.

Lead Polsoning.

This poison may be introduced into the system by
breathing it in the form of fumes into the lungs, or by
eating food without first washing the face and hands,
(especially those who have a moustache), by swallowing it,
or by drinking water, &c., which has passed through
leaden pipes. A man exposed to the fumes of lead will
become so charged with this poisomous metal, that on
taking a sulphureous bath, many parts of the body, parti-
cularly those beneath the finger nails, become darkened by
the black sulphide. The disease will often show itself
years after exposure; it first shows itself by the blackness
of the teeth, violent pains in the bowels, which occur at
intervals, and are assnaged by pressure with the palm of
the hand. Sometimes the pains attack the limbs and
muscles, and after several attacks the disease perhaps ends
in paralysis and death. Sometimes the affection termi-
nates in delirium, occasionally attended by the wildest
frenzy, or violent convulsions. Treatment.—Kor mild cases,
sulphureous water and sulphuric acid in a weak condition ;
in severe cases, strong emetics, followed by active pur-
gatives, and cataplasms applied to the stomach; a little
chloroform calms the pains. If a preparation of lead has
been swallowed administer 15 grainsof sulphate of zinc,
30 grains of ipecacuanha, and irritate the root of the
tongue, followed by a dose of sulphate of soda, NaO,S0% +
10HO (Epsom salts), which converts the soluble salts of
lead into an insoluble sulphate, which is inactive.

Pig Lead.

A pig of lead is 3ft. long, and weighs from 1} to 1} cwts.,
according to district. Spanish pigs are about 1 ewt. Fotder,
or a fodder of lead, should equal 19} owts., in London
20 cwts., in some parts of the world 22 cwts., and in some
mining districts only equals 8 pigs; therefore, do not be
deceived by the term pig or fodder.

THE WORKSHOP AND ITS TOOLS

In order to give a thorough knowledge of the plumbery-
work, or lead-working, and also plumbers’ work in general,
I must first commence in the workshop.

The shop should be light, dry, and roomy, having a fire-
place provided with blower and hooks, with links for the
metal-pot [as shown at F J, Fig. 12], a place for coals and
lead ashes; and a pail, called the ‘¢ quench pail,”” for the
water to quench the handles of the irons. The bench
should be strong and well made, and at least 10ft. long by
2ft. 6in. wide, with its top made of 3in. deal, and it must
be firmly fixed lin. out of the level, falling from left to
right. The bench should be provided with a vice made to
take off when working soil pipes, &c. Amongst other
necessary tools are blocks and falls, or a crane, a couple of
hand-spikes, or levers, made of wood, generally hornbeam
or ash, about 24in. to 3in. in diameter, and about 5ft.
long, and slightly tapering at one end, so as to enter the
ends of the sheets of lead; two wooden rollers, to roll the
sheets of lead upon, about 15in. long by 3in. diameter;
and a pair of Ahand-irons. The hand-iron is a piece of
half-round iron, about 1ft. 6in. long, with a crosspiece at
one end about 9in. long, and a foot at bottom, this foot
being simply the iron bent 6in. at right angles. The
hand-spike, rollers, and hand-irons are for shifting the
sheets of lead. A little ¢rolley is very handy for moving
sheet lead. This may be of 3in. deg and about 1ft. 6in,

101:% the wheels being 6in. in diameter, and of cast iron,
with a sufficiently strong axle to carry one ton.

Implements Employed in Casting.

Next comes the small melting-pot. This is about 1ft.
deep and 15in. to 2ft. in diameter, and is set in brickwork
like an ordinary copper, with door and damper [see P A,
Fig. 12]. This pot is used for making up solder, and melt-
ing lead for small castings, such as sash weights, clacks,
&c. Set the pot in such a manner that the fire can play
all round the sides and bottom, and high enough to aflow
of plenty of coals being thrown in the fire box at one time.

The Sand Box.

The sand box should be about 4ft. long, 1ft. 6in. wide,
and 1ft. 6in. deep, with a lid to keep the sand clean and
moist. The best sand for jobbing work is that used by
iron founders, which any founder will supply. In default
of this, common washed sand with a little loam willdo. This
box is used for solder-making, and lots of other odd work.

Solder Mould.
[See A, B, Fig. 33.]

The plumber’s solder mould is generally made of deal, or,
properly speaking, this is a pattern which is often made
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by a carpenter. To construct it, take a piece of 2in. deal,
1ft. 6in. long and 1ft. 2in. broad, and planed smooth, as
at A J, fig. 33. Next make four smooth triangular bars,
as at a, b, ¢ and e, 1ft. 2in. long with 2in. sides. The
ends of the bars should be cut to the same rake as the
sides. Nail the bars on the 1ft. 6in. by 1ft. 2in. boards,
of course lengthways of the board—say $in. apart, or so—
and at one end of these bars nail a 4in. fillet, which
answers the purpose of a runner, as at % ¢, Fig. 33. This
fillet or runner allows the solder to run from one trian-
gular channel to another, and should not exceed the thick-
ness given, or trouble will be found in brealing the bars
apart [see 4, Fig. 33], then ¢, ¢ is too thick, % is notched
down. The fillet or Tunner should also be made a little
tapering, to allow the bar to leave the sand. ‘When an
iron solder mould is preferred, it can be bought at the lead
merchant’s; but they are not nearly so good as casting in
sand.
Fine Solder Mould.

This is best in cast-iron, and can be bought at the lead-
merchant’s, or he can get you one to order from the
Carron Iron Foundry, Cannon Street, City. This mould
may be made as follows :—Take a piece of lin. board, 1ft.
6in. long and 1ft. wide, and cut a number of half-round
grooves, }in. apart, 3in. wide, and from 1ft. to 1ft. 3in.
long, the ends of which should be rounded, in order that
the solder may leave the moulds. The grooves are some-
times made triangular instead of half round. At one end
can be fixed a handle.

Ladles.

Ladles must be in size proportionate to the work. Small

ladles for joint-work and bench-work should be flattened

a little at the bottom. This keeps thera from tipping over.
1tis a capital plan to make the handles red-hot, and then

Fro. 1
henq them back, so as to form a kind of double handle for

a This shortens the handle, but the same need not
be made too short. Such a ladle is shown at Fig. 1.

Soldering Tools.

Plumbers’ irons should be in size according to require-
ments. Cisterns and roof-work require large ones, whilst
joint-work requires small. Plumbers’ irons should never

Fra. 2.

be made hotter than a dark-red heat, and must be kept
perfectly frce from scales or dirt, in order that perfect con-
tact between the two metals can be established. The
solder should be always wiped clean off with an old piece
of felt or carpet after using an iron. If an iron gets
scaly it must be cleaned with an old file, called a rubber.
The handles must be quenched before giving to the
plumber to use. These irons are bought at the lead mer-
chant’s or ironmonger’s. Such an iron is shown at Fig. 2.

Solder Pots.

The solder pots should be according to the work, and are
always to be had of any respectable ironmonger. The
handles should be made sufficiently long not to fall on the
iide?ﬂ of the pot. They will then keep cool enough to

andle.

F1a. 3.

I find the solder pot, Fig. 3, to answer better than those
having straight sides, for the simple reason that when
placed upon the fire they are not so apt to lose their
contents should they happen to get an unfortunate tilt.
The reason for using straight-sided pots is, that the solder
when cold can be easgily turned out when the solder is
required to be changed.

Copper Bolts, Bits and Soldering Irons.

Soldering trons or copper bits (sometimes called copper
bolts).—These are made to suit the work, but the ordinary
copper bits can be obtained at any lead merchant’s or

Fias. 4 and 5.

ironmonger’s. Sometimes this implement is made in the
shape of an axe, and is then called a haichet bit, as at
ADE, Figs. 4 and 6. The straightbit is shown EFHJ K,
Figs. 4 and 5. Also see account of Copper Bit Joint
Making.

Tinning the Copper Bits.

[Also sce Killed Spirits and Tinning Iron, ge.]

The copper bit must always have its point or nose per-
fectly tinned with the same material as that used in the
soldering. If resin is used as the flux for soldering, use
resin to tin the bit, and the cooler the bit is the better it
will tin, providing it is sufficiently hot to melt the solder.
If killed spirits are used as the flux for soldering, use
killed spirits to tin the bit with, in which case it requires
to be considerably hotter. In tinning copper bits for
soldering with resin, first file the nose as quickly as
possible quite bright ; have at hand a piece of tin plate
about 4in. square (called a tin pan), with some black resin,
powdered, upon it. With the cleaned nose of the copper
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bit, melt a little fine solder, so that it will drop upon the
tin pan and resin; then rub the nose of the bit briskly upon
the mass of solder and resin, and the result will be that the
bit will be tinned. This is termed *‘putting a face on”’
the iron, and it is ready for use for lead-work joints, ete.
In tinning the bit for soldering with spirits, first prepare
the spirits by putting some ordinary spirits of salts
(obtainable at most oil shops or chemists’ shops) in a
gallipot or other earthenware vessel, say quarter full,
Next drop into this as much zine as it will dissolve (this
mixture is called ‘‘killed spirits,”” or chloride of zinc).
Then having cleaned the nose of the iron free from grease,
oxide of copper, smoke, etc., plunge it into the spirits for
a second of time only, and immediately touch the bright
part of the nose of the iron with solder ; the face is then
on, and the bit ready for use in soldering iron, zinc,
copper, brass, and many other metals. Care must be taken
never to get the copper bit red hot, or the face will be
burnt off, and the same processes of tinning must be gone
throngh. In all cases before the bit is used the face should
be wiped and rubbed upon the tin pan, or dipped inte the
spirits. The bit can be tinned in many different ways.
A very good plan is to rub the nose after cleaning on a
lump of sal ammoniaec, with a little fine solder ; or, instead
of using killed spirits, some sal ammoniac dissolved in
water will answer the purpose, and the face will last
longer for zinc work ; or the bit may be wholly tinned by
the use of sal ammoniac and solder.

Notice:—The reason why the soldering iron so readily
melts the solder is on account of the perfect contact between
the two metals. It is not generally known that solder
will melt under any hot iron, but unless the iron (or other
metal) is perfectly free from oxide, perfect contact between
the melted solder and the ‘‘irom,” (which is essential,)
cannot occur. 'When properly cleaned and coated with tin
{or solder) the coating prevents reoxidation of the metal
while heating, and when so the fluid metal follows and can
be directed by the tool; therefore, do not let the iron be
made too hot to destroy the tin or solder after it has been
once deposited upon the face of the iron, or copper bit.

How to Solder Zinc, Iron, Brass, Copper, Gun-
metal, Pewter, &c.

Clean the iron or brass quite bright and free from
grease, &c., as you did when tinning the iron, and use
killed spirits. Now get a copper-bit, make it hot, file the
face, and dip its nose into the killed spirits of salts,
and touch the face with some fine solder. This will give
a tinned appearance to the face of the iron. Now, paint
the prepared iron with the killed spirits, and apply the
soldering-iron with solder to the prepared iron, when it
will be tinned, and the lot will be soldered or amalgamated
together. TUse a little killed spirits to the iron or
brass when soldering the lot together, viz., if the work
does not readily tin,

Wooden Tools, &c.

Mandrels are made of soft wood for making pipes
upon, and should be the length of the pipes required,
and about }in. smaller than the pipes, especially large
sizes. The mandrel must be a little tapering, say from
1-16in. to jin. in 10ft. Trumpet-mouth, or waste-pipe
mandrels should be made three times as large at the top
as at the bottom, whatever length they may be. [See Figs.
330 and 57.] The usual length is about 3ft.; therefore a
mandrel 3ft. long, lin. at the bottom and 3in. at top, will
be called a lin. mandrel, because it is for a lin. waste-
pipe. The straight edge is a piece of well-seasoned wood
of any required length, corresponding with the length of
pipe to be made, its edge being shot perfectly true. This
18 for trying the edges of the lead when making soil-
pipes, &c. Trap block [see Fig. 249]. This is a block of

wood 1ft. 6in. by 1ft. 3in. by 3in., with a 4}in. hole at 3in.
from the one end, and at about the centre of the length,
dished lin. down, and lin. at the top. The block should
have an iron rod through each end to keep it from
warping. This block is very handy for soldering work
upon, such as service boxes, &c. The cutting-out knife
Eneﬂ Fig. 39], or long drawing kmife, is a long-handled

ife of say 3ft., with a piece of sash-cord to pull it with.
This knife requires two to use it, and is employed to
cut up sheet lead [see Fig. 38]. 4 set of scales are indis-
pensable in the plumber’s shop; they should be constructed
to weigh at least 1 ton.

Dummies and Tinning Iron.

Dummies are made to almost every conceivable shape, as
shown at Figs. 6 and 7 ; also as shown at F, G, H, 1, J, Fig.

F1e6. 6.

187 ; also at Fig. 181; also at B, 182 ; in fact, dummies are
tools made according to the fancy of the lead worker, and
are used to get the dents out of soil-pipes, especially when
bending the latter. The best process of making them is
to take a piece of § in. or }in. iron pipe of the length
required—say 3ft.—clean or file one end perfectly bright
and free from grease or oil, and tin the end of same as
follows: Dip the bright end of the pipe into the killed

Fi. 7.

spirits; make the copper bit well hot, drop a little fine
solder upon the spirited part of the iron, and rub the iron
all round until the iron pipe is the same heat as the copper
bit, and if hot enough and sufficient spirits and solder are
used, the pipe will be tinned. In all cases this will do for
soldering malleable iron together (of course brass or lead
will require to be properly prepared, which will be spoken,
of in turn). The iron pipe being thus tinned, make a
hole (with a rounded end) about the size of a hen’s
egg in some sand, and having a ladle full of melted
lead, run it round the tinned end, and the dummy is
complete, and may be bent as required. Canes for the
handles are often used ; they should be notched round and
cemented to the lead with resin and brickdust wken the lead
is cooling. Some plumbers trim their dummies as shown at
F, Fig. 7, but in some cases the dummy will be found
more useful if left square as shown at Fig, 6, and will
be none the worse if the back at D, Fig. 6, is not rounded
too much, as with a straight back you can strike up a dent
with greater certainty.

Subsidiary Tools. o

The Pump Hook.—This is a rod of in. iron, 3ft. to 5ft.
in length, with a screw at the bottom [see H, Fig. 8, and
E, Fig. 9] (io;;nething like the screw of a gimlet), and a hook
formed within 1 inch of the bottom, and sometimes without
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the screw, as shown at the dotted lines, A B, Fig. 8. This
hook is simply for hooking up long spindle valves, such as
the valve shown at Fig. 587, &c. [Also see long spindle
valve in Pump Work.] It also has at the other end a flat
round top at A, Fig. 9, about 2in. in diameter and %in.
thick, and & }in. hole or eyelet, B, 9in. from the top.
The pump heok is used for drawing the clacks from Jack
pumps, and can be purchased of any lead merchant. [Also
see Setting Sucker-boxes, in Pump Work, Vol. 2.]

Puvump Hoox.
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Fire-pot or Devil.—This is madeof various sizes, according
to the class of work. For erdinary use it may be con-
structed of }in. sheet iron, about 10in. round and 10in.
deep, with a grate in the bottom, the bars of which do net
exceed }in. apart. The fire-pot should stand upon three
legs 1ft. long, and should have two or three 2in. holes in
the sides for the irons, and an arched piece of iron over the
top to hang the pot upen. Various kinds of plumbers’
stoves are in the market, but none to equal the old-
fashioned shaped ¢ Devil.” A sieve of in. mesh and a shovel
should be in the shop for the sand-work. The lead clack
mould, for casting lead pump clacks, can be obtained at the
lead merchant’s. It is only an iren box in two halves,
with the patterns or moulds of the clacks. [See Lead Clack
Moulds, Fig. 24]. A set of stocks and dies [see my beok on
Hot Water and Gas Work] is indispensable in the plumber’s
shop. The best are the solid circular dies, which cut in
quarter the time of others. A few punches for leather, of
various sizes, are always handy for cutting washers. Of
gas tongs, the old-fashioned are by far the best for work.
The tube cutter should have three knives, as they are better
for cutting out a length of iron pipe. For ordinary work
take the two front wheels out and work with one. This
plan isless likely to spoil the cutters.

The Force Pump and Analogous Tools.
Tht? force-‘z?m;.zp, Fig. 10, can be had at the lead mer-
chant’s. This is a little hand-pump, made of brass, with
a plunger or piston working in a cylinder. The pump has

two small valves or clacks, which should be kept free from
grit or any other substance that will tend to keep them
open. The best form of force-pumpis that with a stuffing-
box for the plunger to werk threugh. The connection be-
tween the force-pump and the pipes requiring to be forced
is made with an india-rubber or leather pipe, and the force-
pump placed in a pail of clean water, the contents of which
are rapidly pumped into the pipe. The force-cup [Fig. 11].

—This is a very handy little apparatus made of india-
rubber, in the shape of half a ball, with a handle fixed on

e
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the top to press it down with. It is used to unstop wash-
basins and sinks, as follows:—Fill the wash-basin with
water, having taken the plug out; then place the force-cup
sideways into the water, to insure the cup filling with water
and that ne air be under its dome : turn it when under the
water, and place the force-cup over the hele, and briskly
press the cup up and down under the water, and nineteen
times out of twenty the pipe will be cleared.

The Plunger
Is a piece of stout leather, 3}in. in diameter, screwed on
the end of a broom-stick, and is used for forcing water-
closets when stopped. The manner of employing it is to
force it briskly up and down the closet; not too hard, or
otherwise the trap may be spoiled.

Plumbers’ Bag.

This is best made out of a new piece of best Brussels
carpet, as follows:—Say that the bag is to be of a general
size, namely 18in. deep and 16in. wide. Take a piece of
carpet 34in. long for making the width, and 24in. wide
for making the length. First turn down the top edge 3in.
over on the inside, and with seme geood carpet thread sew
this edge well down, then place the curpet edges together,
the figure side of the carpet inside, so as to form the width
of the bag, and sew this edge one inch in and with double
thread ; after this sew the bottom likewise and the sewing
is done. Next get some middling stout half-inch lead pipe
to form four eyelets for the cord. The method for making
the lead eyclets is by tafting or flanging the lead back.
Then bore a hele 4}in. from the outside seam and midway
through the deep or 3in. seam; cut the lead pipe off so
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that the end will protrude through the carpet, say half-an-
inch ; now with your turnpin open the end of the lead, and
with a small mallet turn the lead over tightly; the eyelet
is then complete. Bore three more holes, one of which will
come opposite the one made, and the other two at the same
distance from the other side. Now turn the bag right side
out and it is ready for cording. The bag is carried with a
piece of sash cord about six feet in length and three-
eighths-inch thick, threaded through the eyelets from one
side to the other. Have the two ends to meet and tie on
one side of the bag; never have the knot fastened so as to
be inside the bag; when you are carrying it let the knot end
of the cord be taken through and under the cord on the other
side, and in such & manner that it will pull the sides together;

the Worshipful Company of Plumbers, fixed one at St.
Paul’s Cathedral, London, for re-casting the lead of that
roof. There has also been one lately fitted up at Westminster
Abbey, and every plumber should know its rudimentary
work, if nothing more. 9
As the old apprentice boy’s primitive work was to fire up
the pot, it is clear that, by way of a start, he should know
something about this. The pot for casting should be large
enough to run down at least two tons of lead ; it is set in a
top supporting plate of iron lin. thick, and something like
a copper; but care must be taken to set it in such a manner
that you can get fire all around the sides and bottom, with
a good damper, and at least a 9in. flue. Ttis most import-
ant that a hood should be fixed to convey away all fumes.

the cord is then kept together and will ride easily on your
shoulders, to say nothing about the mouth of the bag being
kept closed. Some plumbers sew on brass rings instead of
the leaden eyelets, but I much prefer the eyelets, as they
allow the bag to lie flat against your back when it is being
carried about. Some plumbers line the bag with leather,
&c. Pouches for small tools, such as shavehook, punches,
and cloths are made with a little flap, which is fastened
with a strap and buckle.
The Workshop, in Olden Times known as the
Plumbery.

The engraving Fig.12 shows an old-fashioned plumbery,
or plumber’s shop. Now compare this with the present style
of plumber’s shop, and say if there are more than half-a-
dozen such shops in London ? Next, how many plumbers
are there in London competent to work the tool or frame
shown on the left-hand side of the engraving, and how
many more are there that ever saw such a thing, although
one of the best tools that ever plumbers worked with? I
think I hear you say that we have no use for such nowa-
days; but we have, as will be explained hereafter, and I
may say that it is only lately that Mr. G. Shaw, Master of
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There are at the present time several lead-casting jobs
going, one at St. Paul’s Cathedral, London, also one at the
Abbey, Westminster, and at several country churches.

Hints about your Tools.

‘When putting your tools into the bag, lay them straight
and in good order, so that they will ride flat and easy. The
ends of rasps, long files, your saw, and such tools as are
too long to lie down in the bag, should be put in with
handles downwards, so as not to bore holes through the
bottom ; and when you pull your tools off your back don’t
throw them down on the ground, &c., to cause them to cut
or burst the bottom out; many labourers will do this, and
the plumber never has a decent bag or ome fit to take on a
job. The plumbers’ bag should be the pride of every
respectable tradesman, and, as a rule, it tells a tale of his
tidiness, for if one thing is always kept in order, you may
be expected to be careful in others, which is a very great
desideratum ; another thing is that your tools are always
noticed in good shops—that is, whether your tools are
clean and in a respectable condition for work.
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LEAD CASTING.

« Sheet "-Lead Casting.

Fill the pot before lighting the fire; the heat given off
from the metal passes amongst the lead and dries the same.
Never put damp lead into the fluid metal, or you may find
the contents taking wings unto themselves, as the lead did
from a large pot which was being used for pipe-laying
when a mischievous boy threw a snowball into it. Now,
whilst the lead is getting hot, let us examine the frame
previously referred to.  Al, Fig. 12, is the bed, made with
about 21in. or 3in. deals, having a quantity of 3-16in. holes
3. apart bored into them; the bed is generally about
12ft. to 15ft. long and about 5ft. to 6ft. wide, having a fall
of 1}in. to 2in. in 12ft. from head to foot, A6 to Al [see
engraving]. The stand-up sides are the ‘¢ shafts,” which
should be kept quite true and smooth, also protected with
a sheath when not in use. A4 is the ‘‘head-pan,’”’ best
made of copper, although often made of iron. This head-
pan should be made to work on hinges as at 7; A6 is the
tipping-handle, sometimes pulled up with a crane, other
times with an iron bar; All is a strip of wood to keep the
sand up ; 12 the rest-prop for head-pan, A5 the sand-box,
AB the foot-pan. In some frames we have a ‘‘mid-pan,”
which is, of course, for short sheets or other castings; but
with a very little trouble you can take out one of the bed
deals and shift the foot-pan to any part you choose. The
height of the frame varies from 2ft. to 2ft. 6in., but the
lower the better, as you can reach over to plane much more
easily.

The Coach.

This is only a kind of oblong pot, shown at W, Fig. 12,
made to run on wheels; it must be strong enough to carry
aton of lead. Itsuse is to catch the surplus lead which
may run into the foot-pan and to truck it back to the pot.

The Frame Sand-Box.

This is shown at A5, Fig. 12, also at H, Fig. 13. It
ghould be air-tight, so as to keep the sand as mnear as
possible to the right dampness; V, ‘¢ the plane,’”” made of
copper, having a very smooth face and turned up edges
round the outer part.

The Strike.

This is rather an important tool, made as follows : —Take
a piece of dry, solid mahogany about 18in. longer than the
width of the frame, and notch it down, as at Z, to within
lin. of the bottom of the frame; make the bottom part a
little rounded, round the ends for handles, and have some
leather muffs made to slip over the ends in such a manner
that they will readily take off or on with laces, in order to
hold a piece of lead between the handle and muff, hereafter
to be explained. The next requisites will be a good shovel,
and also a sieve of about 1-32” mesh.

The Sand.

The London ironfounders’ sand is too close for the work,
and as there are different opinions about this, I cannot do
better than give Mr. Graham’s advice. Take common
washed Thames sand, which is generally pretty sharp, and
mix with it a little loam, so that it shall bind a very little.
I believe in the Highgate sand, because that which I used
in my brass foundry at King’s Cross Patent Valve Works
was of a fine loamy texture; but as this is a matter of ex-
perience more than anything else, I shall leave it for the
plumber to do as best he can, especially as sand is different
in all quarters. Ironfounders say the sand about London
is very indifferent. It should be, as I have said before,
very sharp, with a little loam to bind it ; very fine; be sifted

through a sieve of 1-32 mesh, and made sufficiently damp
to cause it to bind into a ball. It must also be wetted
according to the substance of the lead required. If too
wet, the lead won’t run ; it breaks. If too dry, it won’t
bind ; it breaks up and won’t enamel, and will be rough
on the sand side. Next sift or spread not more than one
inch thick of it over the bed of the frame with the strike
and with the muffs off. After this with the bottom edge
of the strike and across the frame, begin at the foot of the
the bed and beat the sand down as firm and even as you
possibly can all the way up the frame. Then, after the
beating is completed, which is a two-handed job, the sand
must be skiffed ; that is, again begin at the foot of the
frame, and, with the strike, strike, or rather rub, the sand
backwards and forwards as though you were spreading
butter on bread with a two-handled knife. This brings
the sand perfectly level with the shafts. After thisis done
take the smoothing plane [V, Fig. 12] and thoroughly
smooth the sand until it has a face as true as a line and as
smooth as enamel. This is called enamelling, planishing,
planing, &e. A little ““touch” on the plane improves its
working. (N.B.—The planes should be worked hot by
dipping them into the pot occasionally). ILet the sand
finish at the foot very sharp, so that the excess lead shall
leave the sheet instantly and allow it to contract without
breaking. Next, to prepare the strike, let it be cleaned
from the sand and “‘ touch’’ the bottom part all over. The
muffs are off and must be put on. If you want 7lb. lead,
fix a piece of 4lb. lead under or between the leather muffs
and strike. This will raise up the bottom of the strike
sufficient to give 71b. For 6lb. nse 3lb. Some plumbers
make it a rule to use the packing or lead only 2Ibs. lighter
than that required, but the first-named thickmess is my
experience in the matter. This very much depends upon
the lead, if lively or not. If too hot, it will run too freely
and break the mould or sand ; if too cool, it won’t move. In
fact, this much depends upon the day; also the kind of
lead, the state of the sand, and the help you get, and is
only to be properly done by experience and practice. Don’t
for one moment think that it is easily acquired. A cold,
dull day, with wind blowing up the frame, is against you.
A too hot day is as bad, as it kills you to keep your strength
up, and the sand dries tooquickly. Thefine day isthecasting
weather, especially for thin sheets. You must have your
heat according to this. I need notsay that, if too hot, the lead
will run into the foot-pan without the aid of the strike or
notice to yourself. The heat is acquired by experience and
the aid of the testing-stick, a piece of deal wood 15in. long
2in, square, pushed into the lead, and worked about occa-
sionally. Taking it out, which is done by holding it at an
angle of about 45 ; if the lead just sticks or adheres to it,
it is just right. Remember the lead must be well stirred
up and of one uniform heat, After it is in the head-pan,
if too hot, you may stir it with cold plumbers’ irons. Be
careful and have every thing in apple-pie order. When
ready, fill the head-pan. If the sheet is to weigh 5 cwt.
you will want about 15 cwt. of hot lead. 'When you think
it is at a right heat tip it over, and away it goes down the
mould, followed closely up with the strike, of course firmly
pressed on the shafts. The two men must keep equal pace
and not let the lead get behind the strike to get back lead.
All the surplus lead then runs into the foot-pan, and then
into the coach.

“Tae Leav’s Just Rigar.”’—¢ T1p ’—it is going down
the frame, you after it with the strike, leaving nothing be-
hind but just the required thickness for your sheet; the
surplus is in the foot-pan, into the coach; run the coach to
the pot, bale back this surplus before set; all’s well and all
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eyes anxiously looking upon the sheet. It being the first,
if’s a good one ; then as quickly as possible rip or trim off
the selvages—that is, the rough parts off the sides and ends—
roll it up, and it is ready for work. The table or frame
has to be again made up, and so on, again sifting the sand
every time, and clearing the steam holes in the bed of the
frame, after which make up your mould for another sheet ;
remember you have to get off from five to six sheets a day
for good work. A crane will be necessary for this amount
of work.

If by chance you cannot get the surplus lead away from
your sheet just before it contracts, divide the sheet from
the surplus mass by drawing a knife across the same.

N.B. If the bottom of the sheet is not formed in such a
manner that the surplus melted lead can get away (that is
to say, with the sand left as sharp as possible), the sheet on
contracting will break right across and fair in two halves.
It is a good plan to fix a lath a little higher than the sand
between the shafts; then the bottom edge of the sand will
come up sharp. In lieu of this the lead must be whipped
off with a sharp drawing knife, which will prevent frac-
ture. A lead-worker is no use at this work unless he can
run 3lb. lead when required. Mr. Graham showed me 2lb.
lead which he had run lately, and it was as smooth on both
sides as milled lead. Of course this is extraordinarily thin
for cast lead, and requires much practice.

Lead Sash Weight Casting.

Fig. 13 shows a box for casting lead sash weights. 1t
is simply a box about 3ft. long, 8in. square at the top and
9in. square at the bottom, and bound round with hoop iron.

Fic. 14.

Fic. 13

Neither top nor bottom is required for this box. Two
handles are useful for lifting the box when filled with sand.
Sounding leads for ships are also cast in boxes like this.

ParrerNs For LEaD SasE WererTs.—[Fig. 14.] Suppose
you want a weight 2ft. long by 3in. by 2in.; all that is
wanted is a wood pattern made 1ft. longer than this size.
The pattern should have a little taper, say #in. in 3ft.
The end for the cord should be 6in., tapering up the two
flat sides as shown. The pattern should be marked off to
the length of the required casting as shown with a line all
round.

Tre Casting.—Take the ordinary sand, as before de-
cribed, and half fill the box as it stands small end up.
Then in the centre of the sand fix the pattern so that the
parting or guage line comes just level with the top of the
box. Ram the sand hard round the pattern, and fill up
the box with sand, and strike it level with the top. Just
tap the pattern and if all is right you can gently withdraw

it. If the sand is too dry it will fill up the mould again;
if too wet it will stick to the pattern and splutter about.
when the lead is poured in, which must be done slowly.
After the lead is poured let it cool (taking care to fill up as
it shrinks); when the box is lifted the sand and weight
will fall out. Trim and weigh; also punch a round hole
in the thin or tapering end for the sash cord. This
is best done with a piece of }in. or 3in. gas pipe while the
weight is hot. The weights should be smooth and solid.
i;R‘,:ull(nd weights are cast in the same way and also in the
asks.

Lead Casting in Flasks.

It is not at all uncommon in large country shops for the
lead worker to cast lead in all sorts of shapes, such as lift
weights, ornaments, blocks, tail pieces, lugs, old-fashioned
astragals, &c., which can only be done in flasks. It is the
practice in London to send such work to the brass founder’s,
because the London plumber as a rule cannot do it, or has.
not the facility for doing it, although very simple work.
This is one reason why I prefer the country plumber if ie
is a proficient workman. .

Tue Frasg.—Fig 15 is a box, in two halves, with
dowels A,A,A,A ; inlieu of which eight pieces of wood
will answer, if nailed on the two ends and sides so that the
top part can be lifted off and on without disturbing the
patterns. There are four handles as at B B, for lifting
apart, &c. The handles should be fixed so that you can
lift the top with the fingers, the two thumbs pressing the

bottom flagk. This is all that is wanted, excepting some-
times two boards, the exact size of top and bottom ; but
these are not often required. At Fig. 16 the flask is
shown closed and ready for pouring. Fig. 17 represents
the boxes empty, showing the fillet D for the purpose of

F10. 16.

keeping the sand from slipping out. Supposing that you
have everything ready, with some very loamy sand
inclined to clay, put the top board on the flask and fill up
the top flask, i.e., the one with the pegs on (of course
bottom upwards), then strike the sand level with the pegs
and flask. Next bed the pattern just half-way into the
sand, or in such a mauner that it will easily leave the sand.
Then with a very small trowel, or other handy tool, such
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as a small limp putty kmife, pen or pocket knife, fill up the
space all round the pattern with sand. Next get some very
fine pounded soft dry red brick dust and tie it up in a

|
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canvas bag. Shake the bag ail over the smooth surface of
the sand in the top flask (this is called ‘‘parting’’ sand).
Put on the bottom flask and siff some sand over the pattern,
and fill up the bottom flask, well ramming the sand down
quite hard. After this put a board over the sand and flask,
and turn the flask over. Then lift off the top flask and
the sand will part if sufficient parting sand has been used.
The top flask must not be snatched off, but taken off very
steadily, tapping it here and there round the sides, which
loosens the sand around the pattern. If your sand will
not bind sufficiently to be lifted up, work a lath or two across
the flask. Having taken the top flask off, make the sand
good round the sides of the pattern with the knife, or
other tool. Now you know that the sand is solid under the
pattern. Put some more parting sand on again, and on
the top flask; then sift some more fine sand over pattern,
well ram the sand with a tinman’s mallet into the top
flask, especially round the fillet D, Fig. 17; tread it
down as hard as you can. Now, with a long turn-pin
make the pouring-hole E, Fig. 16, which touches the
pattern. Make also the air hole G. Strike the sand level
with the sides of the flask, tap the sides gently all round
in order to loose the pattern, then lift the top flask off.
Clear out the bottom of the pouring-hole with a small
penknife, and with a sharp bradawl pick the pattern out
of the sand in bottom flask. Then make up the edges
if at all broken, i.c., round where the pattern was
embedded. See that no loose sand is on the face of the
mould, or that anything looks wrong; then lift on the top
mould and fix the board so that it will keep the sand from
floating. It is a good plan to weight it down. Next get
the metal and pour, but do not make it too hot. Don’t
forget to make two pouring holes, one for the exit of the
air, which should be at the highest point. It is quite as
well to let the work dry, if time will allow, before putting
the flasks together. After you have run the metal you
can break up the mould and take out the castings before
it gets too cold, and by dipping it into water the sand will
leave it quite bright. (N.B.—The sand must not be too
wet, only just so that it will bind in a ball, hence tho
reason for it being loamy).

Plumbobs and Moulds.—[Fig. 18.]

These are cast in soft brick, Bath, or other soft stone
moulds, which are made in two halves, having a piece of
cotpper wire through the centre for forming the string-hole.
After running the lead the plumbob is taken out of the
mould hot, and the wire drawn out with main force.
Plaster moulds are made. I always cast my plumbobs in
small flasks, three or four together. I have a dozen in one
mould when casting for shops. I use wood patterns on a
rod of iron. The proper method of striking a plumbob is
shown at Fig. 18. Draw a right line A B 2 in. long ; open
the compasses and from the point C draw a half cirele to cut
line at A B; then put the one point of the compasses on

. moulds do, when well heated.

the point A and open compasses to B and strike line B D.
Then strike the line E A from the point B,

F1e. 18.

Lead-headed Nails.

Fig. 19 is a lead-headed nail; it is made by dipping
the head A into a ladle full of nearly setting lead. The
nail is dipped in three or four times running, until
you get sufficient lead to cling to the head. If you
want them very round, keep turning the nail round,
and in different directions, when the metal is hot. They
are used to nail on hip ridges, flashings, and round
sinks, &c. By dipping the
nail and suddenly raising it the
under sideismade cone shaped,
but if you dip it into nearly
cold lead and turn it round,
then suddenly 'raise it to a
horizontal position at the
same time keep it on the
turn, the head will be flatter.
See Parr & Phillips’ patent for
same.

Window Lead.

The mould for casting the
calmes in is shown at Fig. 20.
It is about 12in. long, 4in.
wide, by 2in. thick, i.c., each
side  lin., with grooves
nearly the shape of the B
window lead. This mould has
a handle for closing it. The
lead is poured in, well hot,
at the end opposite the hinge.
It works best, as all other

Fia. 19,

Window Lead Machines and Turning Window
Lead.

Fig. 21 is an elevation of the old glazier’s vice, which I
have ground away at when a boy for weeks together.
A A are the frames; B B B, axles; C C, the two cutting
wheels with milled edges 1}in. diameter, and the same
thickness as the glass to be used. The wheels are fitted
upon the axles so as to work in between two case-hardened
cheeks D D. The wheels should not exceed 1-10th of an
inch apart from each other. The spindles are connected
by the cogwheels E E.

A smaller machine is shown at Fig. 22; it is made
by Messrs. Sharratt & Newth, This illustration gives
a view of the lead passing the machine; also a good
view of the cheeks, but does not show the cutters or
wheels, which are, however, exactly as in the old machine
at A, B, C and E, Fig. 21.
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cutters and turn the handle—not too fast, however, or the
wheels get hot and will not work. Too much oil is also

Window Lead.

Fig. 23 gives the shapec of the different sized calmes.
The top row shows them in section. The one on the
extreme left is for bands, which is as good as cut through
with the cutter; all that is wanted is just to start it with a
knife and rip it apart. This pattern is also nsed for fret-

work. Of course the cutters are not fitted quito so close
together if fretwork lead is wanted. The general lead is
that given at the second and third figures from extreme left.

Having cast sufficient calmes, part and trim them. Take
a good sharp knife and cut the one end flat (called ¢ point-
ing’'); then taks a little linseed or other oil in between the
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iinger and thumb and rub over the lead—not too much; | againstit. If your vice is in good order you will have g
then put the sharpened end of the calme in between the I splendid calme of lead, which ng{ust be kep{ in a long box,



82 LEAD BARREL CASTING.

say 6ft. long, with partitions for the different sizes, and an
air-tight lid. The box is quite as well if painted black, as
the light should be kept away from the calmes.

N.B.—Sometimes ‘‘calme’” is spelt ‘‘came,’’ as in the
United States, and in Nuttall’s Dictionary, and in some
parts of England, “‘carm.”

Window lead is sometimes pressed; but it cannot be
made so fine and light. It is stout and clumsy, and in
working it breaks more glass than it is worth. In fact, it
is of no use alongside of vice lead for working. [For a
continuation of this, see Lead Light Glazing.]

Lead Pump Barrel Casting.

The barrel is cast in a mould something like the old
original pipe-mould, the mandrel being pulled out by a
crane or other means, This mandrel should have little or
no taper, which, of course, makes it very difficult to draw.
The spout or nozzle is also cast as the barrel. The head is
cast in a square mould, having a core in the centre ; some-
times the front gide is made loose. The head should be
cast with a hole for the barrel to come through, and also a
hole in the front for the spout. Sometimes the barrel has
beads, or mouldings, or astragals, cast on. More will be
said hereafter on lead pumps when we come to make them
up. Care must be taken to have sufficient taper for the

sucker-box. [For making up pumps, see my work on
Pump-Work, Water Supply, Hot Water and Gas
Fitting, &c.]

Lead Clacks.

These clacks are cast in a two-sided mould [see Figs.
24, 25, 26]. C is the clack; rivet is the part which holdsthe
clack upon the leather. The method of casting these clacks

the two sides of the clack mould placed together, having a
clack cast therein. To cast this clack, make the mould hot,
and place the sides asshown. Pour in the lead, and as soon as
it is set turn the clack out, and fill up the mould again and
again, until you have the required quantity. Having shown
you the clack mould, I will explain another method of
casting the lead clack when you have no mould. Have a

pattern made of wood to the shape and size required, with a
piece of wood nailed on to form a rivet. Press the pattern
rivet-side downwards into some sand, and fill it up with lead.
Here you get a good clack, with flat top, instead of rounded
[as shown at Fig. 24]. These clacks are the best for

-
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drawing the sucker, as will be hereafter explained. Fig.
%5 is a full-sized elevation of the clack cast in the moulg,
ig. 24.
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Lead Pipe Moulds.

There is scarcely any reason in this age for the plumber
to provide lead-pipe moulds, draw benches, etc., as lead-
pipe casting is nearly done away with; although many
will be interested, and all should know how we used to
make our lead pipes, especially if cast upon our beam-ends,
abroad or otherwise. Moulds are made of various shapes;
the first in England was invented by Robert Brocke about
1539, and very much used by Peter Morice, the London
Bridge Waterworks engineer, 1582. Some slight improve-
ments were made in lead-pipe casting in the year 1620, for
the New River Company’sengineer (or rather the promoter
of the New River Company), Mr. Myddelton, afterwards Sir
Hugh Myddelton. Tﬁe Brock mould for casting lead pipes
is made in two halves, from 1ft. 6in. to 3ft. in length,
having a mandrel or ‘““core,” as it is called, inside for the
lead to run round, and placed in such a manner that the
same can be easily withdrawn. This core should be a little
tapering, about 1-16 of an inch in the foot, and then a
very slight tap on the end with the slacker (a mallet or
hammer), suffices to slack it. The ends of the mandrel
always project through the ends of the mould about 2in.
The mandrel receives the tap, or slacking blow, with the
slacker before the mould is opened. The mould should be
made well hot, about equal to boiling water, and then

laced in a perpendicular position, when the lead is poured.
g’his casts pipes in short lengths only. After the cast-
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ing is over, the short pieces are burned together in a
separate jointing mould. The inside of this mould isin the
shape of an ellipse.  Joints for pipes are ellipses, just long
enough to hold the ends of the two pieces of pipe, the short
length having another smaller mandrel placed inside, and
long enough to enter 6in. into the longest end. The short
mould is then shut up, which grips the two ends of the
pipe; then sprinkle a little resin, and pour the lead red-/ot
into the mould and on the two ends of the pipe, and the
two pieces of pipe hecome united. The greatest care
should be taken to properly clean the ends of the pipe, and
well ““touch’’ them inside and out }hefore running the lead.

The French Pipe Mould.

This is only the joint mould made long enough to make
the joint and a piece of pipe at one time, as follows: The
mould is similar to that already described, the difference
being that it is used horizontally instead of upright, and

as quickly as possible, which gives continuous lengths of
pipe. The way to get the first ladleful of red hot lead, is
to place the ladle in the fire, and dip the lead whilst in this
state. The stand-up pouring burrs must not be cut off
unless they are afterwards soldered up, or they will leak,
owing to the contraction of the lead, which leaves a small
hole in the centre.

This kind of lead pipe making I worked at as late as the
year 1862, although pressed pipe was then much in
vogue.

Drawbench or Frame

(Fayolle’s drawbench, also known as Wilkinson's Patent
Pipe Frame). —The drawbench is shown at Figs. 27
and 28. This machine is exactly similar in shape, ete., to
the wire drawbench, and also the bench for making zinc
tubes for bell-wires, ete. It came into general use about
1800. With this table or frame originated the term

F1a. 28..

with a core which could not be knocked out, but has
to be drawn out with a winch and chain. Make the core
and mould well hot, and when the pipe is to be east, the
lead is poured in at the one end, called the ‘‘casting end.”’
You can also pour in atthe other end, or, as is often the
case, two men can pour at the same time. As soon as the
fipe is cast, the mandrel should be drawn out before the
ead shrinks too tightly round it (of course the mandrel
must be well ‘“‘touched’’); the pipe should then be taken
out of the mould whilst hot, and again placed in the
casting end, say 3in.; then place the small end of the
mandrel into the same, and lay the other part of the man-
drel into the mould. Shut up the mould close, with the
hasps which hold it firmly together, and pour the first
ladleful, red-hot, into the casting end, and fill up the mould

‘‘lengths’’ of pipe, because it can only draw a length of
pipe the length of the frame. A length of pipe }in., }in.,
and lin. is now known to be 15ft. long; and 1}in., 1}in.,
and 2in., is 12ft. long. Other larger sizes are made in 10ft.
lengths. This term is used to this day. Four lengths
make one ‘‘coil.”” The lead is cast in moulds as in Brock’s
process, but much stouter; in fact, about eight times the
thickness of Brock’s pipe. The mandrel or “treblet,”’
which is of steel and tapering, is required to be longer
than Brock’s, and instead of pouring the lead in an upright
position, it is poured with the mould placed obliquely, and
the lead is poured in at the bottom, so that it travels
up-hill. This is the most curious part of the work to the
non-professional lead worker; but if the lead-worker runs
his lead in hot moulds, and in this manner, he will never
(¢}
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get spongy, sometimes called ‘‘rotten,”” broken, or crystal-
lized lead. The ‘‘dies,”’ or as they are called in the west
of England, ‘‘whirtles,” B B, Fig. 28, are made of steel,
perforated and tapering, of various sizes. They are fixed
in a beam or holder at the foot, or sometimes a little way
up the bench, in such a manner that they can easily be
taken in and out. Of course they must be fixed very
firmly. On the small end of the mandrel D should be
formed a small hook-head—[see Figs. 27 and 28], (exactly
the shape of the headed pin which forms part ot a swivel)
to enable the slit-hook E [Fig. 27] to catch hold of the
mandrel F. The lead is then drawn with compound power,
crab gearing, or otherwise, through a No. 1 whirtle;
then through Nos. 2, 3, 4, 5, 6, and 7, until the required
substance is obtained, occasionally annealing it if re-
quired. At Fig. 27 the motive force is gained by a cog-
wheel and pinion G H, turned by the wince T. The dies
are shown in section at Fig. 28. Sometimes wheels are
used instead of whirtles. These resemble three pulley-
wheels working together, so as to form a die. They do
the work much more easily, but not nearly so well. Good
drawn pipes should be of an equal thickness throughout,
and free from any scratches or marks whatever, and have
the usual toughness of lead.

The Lead-Pipe Press.

This is an improvement upon all the before-recited
methods. 1t is adapted to make pipes to any gauge,
length, and quality. The Pipe Press has undergone many
alterations, but the first principle is still in use. Fig. 29 1s
a sectional elevation of the original Pipe Press of Bramah.
I cannot do better than refer my readers to the old and
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original specification of Bramah’s patent of 1797. T shall
also refer my readers to the original specification of Thomas
Burr, Hague, Ellis and Burr, Hanson and Hanson, John
Rand, Newton, Gardiner, Wecm, and others, so that if they
should get with any strange press they will not be lost.

‘We will take Bramah, who, in his written specification of
1797, describes a machine, ashe says, showing a new method
of making tubes of lead or other soft metal of all dimensions,
and of any given length whatever, without joints. This is
performed by a process of pumping or forcing lead, &ec., in
its liquid state, through metal moulds, by which tubes of
any given shape or size may be made with great expedition
and perfect accuracy. He forms a kind of pot [A, Fig. 29],
in the centre of which is fixed a cylinder of iron, B, with a
piston, C, fitted into it. 'When the latter is pressed down
with considerable force it impels the lead through an
aperture or die, D, fixed in the side of the pump and pot.
This die is equal in size to the outside dimensions of the
tube intended to be made. In the end of the mould tube
or die next to the pot and pump is fixed a cross or bridge,
E, into the centre of which is fized a mandrel, G, or cylin-
drical bar of iron or steel, turned perfectly true, and of the

+ diameter equal to the inside or bore of the pipe, H, to be

made. The die or mould and the cylindrical bar must be
in a small degree diminishing in diameter toward the
external end, which extremity must terminate with the
end of the mould or thereabout. Of course there must be
sufficient opening in the cross or bridge and the die to
allow the lead to flow. At I is shown a portion of the
lever by which the piston is forced down. In this way any
length or size of pipe can be made perfectly sound and
without a single joint.

Burr's Pipe Press.

About twenty-three years after Bramah came Mr.
Thomas Burr, who claimed the right of making pipes
of lead or other suitable metal by pressing it or forcing
the metal in a solid stafe through an aperture of the form
required; not by drawing or rolling it, as is the present
practice. He says that his machinery for making pipes
consists of a strong iron cylinder or barrel, true with
parallel sides, for a piston to work in, open at one end, and
closed at the other end, except a hole being left in the
centre to admit the pipe to pass through. Into this hole is
fixed a washer or thimble, the hole through which is the
exact size of the outside of the pipe intended to be made.
The washer is made to take out and in, to allow of being
replaced by others. A strong piston is made to fit the
inside of the cylinder, and in the end of this piston which
enters the cylinder is fixed perpendicularly a round core or
rod, the length of the cylinder and the diameter of the
inside of the pipe intended to be made. This rod or core is
made to take off and on to admit another, and it may be of
any size. It must be large cnough to hold sufficient lead
to make one length of pipe. If it is 6in. diameter, and
1ft. long, it will require to be at least 4in. thick. The
manner of using this apparatus is as follows : The cylinder
is fixed perpendicularly, with the end uppermost to which
the washer is fixed ; t{;e piston is drawn down until it is
nearly out of the cylinder. The upper end of the core or
rod will then appear through the centre of the hole in this
washer; if it s}ﬁould vary it must be wedged in the centre.
Clean melted lead is then poured into the cylinder, by the
space between the core and the washer, until it is full.
After it has stood until the lead is set the piston is forced
into the cylinder which presses out the lead through the
aperture between the core and the washer in the form of a
pipe. When the piston has pressed out all the lead the
pipe is sawn off above the core orrod. The piston is drawn
down again to its former place (viz., nearly out of the
cylinder). A short piece of pipe will then remain, so as te
stop up the passage or space between the core and the die
or washer. To clear this passage melted lcad, heated
nearly to a low red, is poured on to the pipe remaining,
which soon melts it away, and the lead must be continued

pouring until the cylinder is full as before. To take the

.
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melted lead into the cylinder a small hole is sometimes
employed, which is stopped up when not in use. The
method used to force the piston into the cylinder and to
draw it back again is as follows: The cylinder is fixed (by a
flange cast thereon for that purpose) in a perpendicular
hole through the centre of the top of the frame of a power-
ful hydraulic press in such a manner that the upper end
appears above the frame of the press. For the purpose of
access to pour metal the press is made to heave upwards
and to pull back again. The piston is fastened to the
heaving-rod of the press by a screw, so that it can be easily
taken off to clear away the lead that may hang on when
the core or rod is to be changed. The cylinder should be
warmed before beginning to use it, after it has stood from
working, by making a small fire round it. This dries it,
and makes it work the easier. The foregoing are Burr’s
own words.

Other Varieties of Pipe Press for Tinning Pipes, &c.

Next comes Hague in 1822. He fixes his press hori-
zontally, and, instead of a hydraulic press, he applies a
powerful screw, driven by compound cog-wheels. He
claims nothing, although the first to work pipes in this
manner.

Ellis and Burr, in 1836, obtained a patent for tinning the
pipe as it is made, this being done by enlarging the top
part of the die, so as to form a metal pot to hold melted
tin, which coats the exterior of the pipe, as it is forced
upwards through the die, and the inside is coated by
pouring melted tin into the top of it as soon as it rises
above the mandrel.

The tin is kept hot by a fire round the pot.
tinned inside in the year 1804.

Hanson and Hanson, in the year 1837, followed up Ellis
in his improvement. Instead of the long mandrel which
was placed or fixed at the bottom of the piston or plunger of
the hydraulic press, this mandrelis rigidly fixed to a bridge-
piece inside the cylinder of the press, and concentric with
the die opening, its lower end protruding through it. Itis
- the same principle as Bramah used, and which is used in
the best presses. Some lead workers say you cannot get
good pipe pressed in this way. Those who say so know
nothing about it, as I have proved both ways. All Mr.
Clarke’s presses are made in this way, and who can make
better pipes ?

John Rand obtained a patent in 1843 to make lead pipe
from thick, short tubular rings of lead, which, when put
under a powerful plunger, fitted accurately in a cylindrical
chamber having dies in the bottom, as in Burr’s patent.
He produced lead pipe without injury to the die or other
working parts of the apparatus resulting from the heat of
the molten metal. This was very little used. Of course,
lead pipe made in this way was too hard.

Then, in 1845, Mr. Newton, a patent agent, received a
communication from abroad, and took out a patent to tin
the inside of lead pipe as follows: The fixed mandrel (as in
Bramah’s and Hanson’s patents) for the purpose of this
Invention is made hollow, whence lateral passages open
into an external annular recess. The cavity in the mandrel
being in communication with a chamber attached to the
apparatus containing the molten tin, before the newly-
formed pipe is forced off the end of the mandrel, it passes
over the annular recess into which the tin continues to
flow through the internal passages, and being brought into
contact with the internal surface of the pipe it attaches
itself thereto, forming a coating the thickness of which is
regulated by the size of the end of the mandrel which
smoothes the surface of the tin as the lead pipe is forced

. off. Of course the parts of the machine which contain the
tin must be carefully kept up to the degree of heat necessary

Pipes were

;;lo preserve the tin in a state of fusion, but not too much
eat.

The best and cheapest method of tinning lead pipe (only
it tins it inside and out) is to pass it through a bath of tin,
the tin being kept about 100° below the fusing point of lead.
I always tin my lead in this way. (If youw want them done
properly, do them yourself!)

G-, Perry Gardiner, in the year 1851, made pipes of lead
in such a manner that during the process of making the
fibre or grain was laid crosswise instead of longitudinally.
The lead wasplaced in a die chamber (as in Hague’s patent),
which, whilst the metal is being forced or drawn out
through the annular opening between the die and the end of
the core mandrel, is caused to revolve. This motion of the
die has the effect of laying the grain or fibre of the metal
transverse to the axis of the pipe, working and drawing
round and round. In this way, pipes of greater strength
are produced, and the pressure required to force the metal
through the die caused to revolve during the process is con-
siderably reduced. This process is not much used; it is
suitable for the Canadian water pipe. It has a very pretty
appearance.

John Weem, in 1852, made a press with the ram and
shaping die solid or in one piece, for making lead pipe of
large sizes. He makes use of the hydraulic press. This
press has two pistons, the internal one fixed, the other
movable. On the movable piston is a receiver for the lead ;
the outside of this receiver, or rather, the external part of
the inside, forms the outside or die for forming the outside
of the pipe. On theinside piston, at the upper end, is fixed
a kind of bell, the inside of which is fitted truly to the in-
side part of the receiver for the lead, formed upon the top of
the movable piston. On filling the receiver with lead, and
giving an upward motion to the movable piston, it carries
with it the lead. Then the lip of the cup (fixed on the in-
ternal piston) being stationary, comes in contact with the
lead, and on sufficient force being applied to the movable
piston causes the lead to be squirted, or squeezed, up be-
tween the external part of the inside of the lead receiver
and the external part of the fixed cup. In thissystem there
is no mecessity for the whole area of the ram to come in
contact with the lead; this reduces the amount of pressure
to the least possible fraction required for the work. This
press looks ungainly, but works exceedingly well, no doubt;
it is the best for large pipes.

In 1853, Edward K. Davis made an apparatus to force
lead through dies without a plunger. He applied com-
pressed air. He also claims to be the inventor of casing
soft metal pipe with block tin; also plating of sheets, which
was done by Dodd in 1804, and Bwrr and Ellis. He also
claims coating pipes with indiarubber. Of the latter he
may have been theinventor. It is useful in frosty weather.

ohn Anthony and William T. Chafe’s pressis for manu-
facturing lead pipe in quantities, they not being satisfied by
making one at a time. Their invention consists in combining
two or more dies, either separately or in the same plates, with
core bars fitted to each. Of course their dies receive their
supply from the same cylinder or metal reservoir as
Bramah’s, Burr’s, &c.

CharlesFelix Seville’s invention to line the internal partof
lead pipe with tin is much about the same as that conceived
by Mr. Newton, the difference being that the mandrel
(which is hollow) is filled when the stump or short end of
the pipe is about 6in. above the die. This system is not so
good as that conceived by Mr. Newton. Seville also claims
tinning lead pipes as they exude through the die, the tin-
ning bath, &c. In fact, there iz nothing new in this in-
vention, as the bath was known in the days of the old draw-
bench, and Newton’s process forestalls Seville thirteen years.

Mr. Clark, of Hammersmith, has just completed a patent
for pressing lead-pipe. He has two containers, which are
worked by one piston. 'The containers are made to revolve in

c'2
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sueh a manner that he can fill one whilst the other is being
pressed. He claims the advantage of the men being at
work during the time the lead is solidifying, or rather, to
use his own words, his men are busily engaged pressing a
charge whilst another is cooling. The men, who evidently
thoroughly understood their work, pressed one charge
whilst I examined it, and the operation only occupied
them 4} minutes. Though only 4} minutes, this going on
continually is a great saving. The pipe was properly
worked, and everything in first-class style, and I consider
that Mr. Clark’s new press is the best save one which I
have seen. I should here remark that I was surprised to
see the great improvement in this firm since I last examined
it in 1867. Mr. Clark himself showed me over £3,000
worth of pig-lead which he had obtained from dross, &e.
Of course he has on these works reverberatory furnaces,
rolling-mills, four or five presses, and the best machinery I
ever saw in a lead works.

Other Uses of the Press.

After giving the particulars of the pipe press, I may here
remark that the same apparatus is employed to make
square and other shaped pipes; and also solid rods of lead
for cartridges, lead wire, and for forming differently-shaped
astragals, window-bands, and the bars for making the
calmes and many other purposes.

The Author’s own Press.
[See Fig. 30, page 37.]

I cannot pass on without giving my reader a view of the

simple and very effective press invented by myself. The

wing requires but very little explanation. Fig. 30
shows Davies’ ‘‘ Improved Lead Pipe Press.”” The pipe A
is connected to a powerful pump, say 21 tons to the square
inch. This pipe conveys water into the water cylinder B,
and forces the piston C down into the cylinder for lead D,
when the lead becomes compressed and is squirted out at
the bottom between the die Fi and the mandrel G in the
shape of lead pipe H. The die can be easily removed for a
smaller or larger one, or for any other kind of die. When
the lead is all pressed out, the water is pumped out of the
water cylinder and the piston rises. A small pipe is also
fitted between the cup-leathers, L L, which supplies water
to the top cup-leather, and which forces the ram upwards
into the cylinder B. Then fill the lead cylinder and again
press out. This lead cylinder is kept hot by steam and
condensed water from the boiler which passes round it at
I1, and is also one of my improvements. It also quickly
solidifies the lead, so that no time is lost in waiting before
pressing the charge. The pipes as they are pressed are
rolled up round a gmm in 60ft. coils or bundles.

At KK are the flanges for fixing; LLLL are
leather cups; MM the cheeks or lugs of the press, with-
standing a strain of 300 tons, which is at times put on this
press; and at N is shown a plan of the mandrel takeu at X.
This press can be made to work either way up. [For Lead
presses to press up bent lead pipe, such as soil-pipe bends
and O-traps, see Fig. 193.]

Table of Lengths, Weight, and Working Strength
of Lead Pipe.

Lead pipe, as all other materials, varies according to the
quality, for instauce a hard, tenacious metal will, weight for
weight, stand a greater pressure to the square inch than a
soft one, and on this account there is no reliable theory
whereby the actual strength of lead pipes may be deter-
mined. This table is taken from actual experience, aud
not worked out theoretically. For pump work, and for
pipes having valves closing suddenly, the weights should
be half as much again to the lengths of pipe, so as to allow
for the regurgitation.

The length of a coil or bundle of lead pipe for }in., $in.,
4in., %in., and lin. pipes is 60ft. Sometimes 1}in. pipe
runs 60ft., but this is too heavy a bundle. The coil or
bundle of 11in., 1}in., 1{in., and 2in. pipes is 36 feet long.
Other or larger sizes are made in lengths only, for which
see below :—

15 FEET LENGTHS.

DIAMETER OF BoRE | WEIGHT OF LENOTH SAFE FOR A COLUMN

1IN INCHES. oF 15 FEET, OF WATER, IN FEET.
b4 20 1bs. 600 Feet.
3" 15, 50,
” 20 ,, 250,
” 25 ,, 500 ,,
%" 1, 50 ,,
» 18, 00 ,,
” 20 ” 200 ”
» 22 5, 300 ,,
» 25 400 ,,
” 28 ” 5{)0 ”
” 30 ,, 600 ,,
56" 18 ,, 100 ,,
» 22 200 ,,
% 22 ” 40 ” =¥
» 24, 80 ,,
”» 26 ,, 100 ,,
» 28 150,
» 32, 250 ,,
» 36 ,, 350
» 42 ,, 500 ,,
. 45 ,, 600 ,,
1 30 ,, 301 5
»» 36 ,, 60
» 42 ,, 100 ,,
2" 48 ” 200 ”
» 56 305,
” 60 ,, 400,
» 64 450,
(will stand 500).

12 FEET LENGTHS.

DIAMETER OF BoRE | WEIOHT OF LENGTH | SAFE FOR A COLUMN

IN INCHES. oF 12 FEET. oF WATER 1IN FEET,
13" 36 lbs. 25 Feet.
” 42 ,, 60,
» 48 ,, 120
» 52 ,, 250,
»». 60 ,, 500 ,,
13" 36 ,, 2075,
”» 48 , 5
”» 5 100
»” 72 ” 25{) ”
” gé ” g% ”
», » »
13”7 72, 100 ,,
(not recommended)..
» 8 ,, 200
22 9% , 300,
2r 36 ,, B,
(will stand 25).
» 56 ,, 50 ,,
» 64 ,, 80
” 72 ” 100 ”
” 84 200 ,,
»”» 98- ,, 300 ,,
»” 12 ,, 400 ,,
» 120 ,, 500 ,,
Iﬁyﬁ%‘:; WEIORTS IN LENGTHS OF 10
IN INCHES. FzEr 1% LBs. [
24 36 70 84 96112 130 (The 5 last are for pumps).
3 42 80 80 100 112 120 130 140 (From 60 for pumps).
33" 56 90 112 120 130 150 160 180 (From 112 for pumps).
4" 56 70 80 112 140 150 170 200 (From 140 for pumps).
Y 60 84 112 140 170 200 220 (From 140 for pumps).
i 170 200 234 254 280 (All for pump work).

8" 300 (For pumps).

{
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Sorr. Prersare pressed from 5 to 101bs. to the foot super.,
and to the following sizes, in 10ft. lengths. If hand-made
the pipes are much more even, and may be made in lengths
to suit the job, which is a considerable advantage some-
times. They should always be burnt up or drawn, no¢
copper bitted, as the solder is too fine to stand.

10 FEET LENGTH.
Bore 247 87 3} 4" 4} 5" 6"

WEIORT OF CoMPOSITION OR GAs TUBE PER YARD.

1in., 3-16in., }in., 5-16in., 3in., 7-16in,, }in., §in., 2in., 1in.
} 133 17 23% 27 37 46 48,

Size
Weight in0z. 5§ 74 113

WeronT oF TiN_PrpE ¥orR FILTERs, &. PER YARD.
Stze ‘}in., 3-16in., in.,Y7-16n., }in., §in., 3in.,Y Zin. lin.
‘Weight in oz. 7 9 11 14 17 23 30 38 48.

Our next will be sheet-lead rolling mills, as follows :—

The History of the Rolling Mill.

This machine was invented in the year 1670. The fol-
lowing is a copy of the original patent, so that there can
be no mistake about the date, as plumbers think mills are
of very recent invention :—

«“AD.1687. . . . . . No. 254
¢ Engine or Rollers for drawing Lead into Sheets.
¢« Howard and Watson’s Patent.

«JAMES THE SECOND, by the Grace of God, King
of England, Scotland, France, and Ireland, Defender of
the Faith, & To All to whome these P’sents shall come,
greeting.

<« WHEREAS wee are informed that Sir Philip Howard,
Knight, Deceased, and Francis ‘Watson, Esquire (now Sir
Francis Watson, Knight), having found out A New Manu-
facture, Art, or Invention, By a certain Engin, or Rollers,
to Draw, Roll, or Mill Plates or Sheets of Ledd, by them
Cast or Prepared for that Purpose, did at the Sessions
of Parliament holden at Westminster, in the two_and
twentieth yeare of the reigne of our dearest brother King
Charles the Second of blessed memory, obteine an Act of
Parliament for the Sale, Vse, and exercise of the said In-
vencon, for the Sheathing and Preservacon of Shipps and
Shipping onely, to continue for five and twenty yeares. . .
And whereas wee are likewise informed that the right and
tytle to the said worke or invention an Act of Parliament
is come to the hands of Richard Knight, Esquire, Charles
Davenant, Doctor of Laws, Thomas Agar, Esquire, John
Warter, Thomas Hale, and Michael Hale, Gentlemen, who
haveing humbly represented vnto us that since the passing
of the said Act they doe finde the said manufacture, worke,
or invencon of mill’d lead may be of good vse for many
other purposes as well as sheathing of shipps, and having
by their humble peticon besought vs to grant to them the
sole vse and exercise of the said invencon for the purposes
aforesaid for the term of fourteen yeares, wee are graciously
pleased to condescend to their humble suite.

¢« KNOW YEE THEREFORE, that wee being willing
to Cherish and Promote all laudable endeavours and de-
signes of such our subjects as have by their industry found
out Usefull and Profitable arts, Misteries, and invencons,
and to the end that the said Richard Knight, Charles
Davenant, Thomas Agar, John Warter, Thomas Hale, and
Michael Hale may reape some fruit from their labour and
charge in and concerning the p’misses, of our speciall
grace, certaine knowledge, and meere mocon, have given
and granted and by these P’sents doe give and grant vnto
(the above) speciall lycence, Power, Privilege, and au-
thority. [Then this goes on to say that the above persons
shall put into practice as follows.] At theire or some of

theire owne proper cost and.charges, erect, vse, teach, exer-
cise, and put into practice the said manufacture, art, or
invencon soe contrived and found out as aforesaid as well
for sheathing of shipps as for any other vse or purpose
whatsoever.

“AND FURTHER, wee doe by these Presents for vs
give and grant vnto (the above-named) full Power and
authority, haveing first obtained a warrant in that behalfe
with assistance of constable or other lawfull officer as well
within liberties as without dureing convenient times in the
day, and in lawfull manner shall make search in any place in
the said Kingdom of England and Wales, where there
shall be iust cause of suspition of persons imitating or vse-
ing this invencon, and the workes found may be seized
vpon, broken in pieces, defaced, and spoyled, and the ma-
terials left in the hands of some constable to be disposed of
in such manner as shall be directed.”’

This patent met with great opposition from the plumbers.

Dobs in 1804 rolls lead with hot rolls.

Afterwards comes Burr in 1839 and claims rolling lead
with rollers heated with hot water, or otherwise; then in
the same patent he says, all which, however, is well known to
engineers in heating rollers for other purposes.

Operation of Milling Lead.

The lead to be milled is first melted and cast in an iron
pan or mould, about 7ft. long by from 5 to 6 ft. wide and
from 5 to 6 in. in thickness, according to what substance
may be required when finished. It is then passed between
the rollers (or, as it is termed, through the mill to break it
down). This causes it to spread very much in length,
say to 30ft. long. It is then 'cut into halves and the two
lengths together again several times passed (of course back-
wards and forwards) through the mill, when the rollers
(sometimes called cylinders) are brought down, or together,
a little every time the sheet passes the cylinders (the sheets
should not be allowed to run out or there will be the trouble
of pinching them between cylinders with the starting bar.
After the sheets are milled they are rolled up, weighed,
and stamped, the number, length, thickness, in pounds,
per square foot, and the weight, as follows: Suppose a
sheet to be 34ft. long by say 7ft. wide, 5lbs. lead. This
should be marked as follows :—

Sheet of Lead
Length 34
No. 728,

5,10,2, 14

But this sheet which is taken from one which I have just
cut up was marked thus:—

Sheet of Lead

5,11,0,18

34
728

Of course I need not say that this irregularity is
owing to the milling and the difference of the den-
sity of the lead; there is no mill in the world which
can alter this. This is what deceives the plumber,
lead-worker, builder, and architect in estimating lead
work by measurement instead of going by what is
proper and just—the weights only. 1 give this simply
to show that lead-work cannot be measured to tally
with the weight, especially after it is laid. The millman,
as a rule, makes his lead heavier than the same is stamped.
I have often cut up 5} and 5% lbs. lead which has been
stamped and sold for 5lbs. As a hint to millmen, keep
your weights according to your stamping ; plumbers take

R — —
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MILLING LEAD.

Sheet lead is

These measurements cannot be taken properly with the
sometimes made as thin as writing paper, called laminated
lead. It is much used to cover damp walls before painting.

rule or callipers, but require an instrument equal to the

well-known Whitworth measuring machine.

The Rolling-Mill.
I have described the old tool for making sheet lead and

will proceed to describe the present in as concise a manner

The rolling-mill [see Fig. 31] for the manu-

as possible.
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Thickness of Sheet Lead.

(but all lead is

is the thickness of sheet lead to the square

The following
foot, near enough for all practical purposes

%

7

7.

|

|
f
| |
A A e 4-\
Nl
il |

Fig. 31.

LEAD-ROLLING MILL.
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40 TIN AND ITS MANIPULATION.

be found milling sheets 9ft. wide. The width is of great
jmportance to the chemical works’ piumber when making
chambers, or to the builders’ plumber when laying flats;
it enables the lead worker to put down wider bays than he
can with the 7ft. sheets, and it also enables him to cut the
sheets to an advantage. The mill itself is simply a pair of
truly turned iron or steel rollers [as at A, Fig. 31], the
longer the better, but the general length is from 7ft. to 9ft.
and from 12in. to 24in. in diameter. Some of these rollers
are kept hot with water or steam passing through their
centres. The rollers are brought together and opened by
means of the standard regulating screw gear [see CC Fig.
317, which will adjust the rollers to the thousandth part of
an inch. These rollers are fixed in the centre of the bed
of the mill; this bed should be at least 70ft. long and must
be provided with a number of, say, 3in. friction rollers

(which are about half the length of the width of the bed
and butt end to end), for carrying the sheet backwards and
forwards as it passes through the mill. At the sides of the
beds are holes for dropping a pin [H Fig. 31] into for the
purpose of forming a fulerum for the crowbar, called a
starting bar (a bar having a claw to grip the lead), and
sometimes at the end of the bed is found a winding appara-
tus for rolling up the sheets after milling. In illustration,
A is the upper roller, B cog driving-wheel, C regulating
gear, D brickwork, E sheet of lead, G friction rollers, and
H fulerum pin.

Having described the various methods of casting, press-
ing, and milling lead, we will next see about making up
solder, as without the solder many of the plumbers could
not very well manage.

TIN AND ITS MANIPULATION.

Before proceeding to make solder you should know scme-
thing about the materials of which it is composed. I have
explained sufficient about the baser metal, lead, and will
now proceed to explain the principal metal, tin.

TIN (Anciently called Jupiter).

: ZSyZmbol, Sn (stannum) ; equivalent, 58:82; specific gravity,
*292,

Although this metal has been known probably as long
ag any, the ores of tin occur in but few localities. It is
not found in its metallic state, and its only ore of import-
ance is the deutoxide or tin stone, which occurs crystallized
in prisms isomorphous with those of titanic acid.

This ore is usually found in veins running through the
primitive rocks of porphyry, granite, or clay slate, and, as
a rule, it is mingled with the sulphides and arsenides of
copper and iron, and also with wolfram.

The Cornish tin mines were celebrated before the Roman
invasion; an idea of the richness of these mines may be
conceived from the fact that at least 4,000 tons of tin are
furnished by these mines annually. Tin stone is also met
with in Malacca and Borneo and Mexico.

The Cornish mines almost invariably run east and west.
Tin ore is also found in alluvial soils, carried there by the
action of water. When it is found here it is known as
stream-tin. The ore occurs in detached rounded masses,
and is very pure. The position of the veins is often traced
by following the stream towards its source, up to the point
where the ore ceases to be found ; and if done carefully a
vein of ore is almost certain to be discovered. The tin
lodes are mearly perpendicular, and are sometimes worked
to a very great depth, as much as 2,000 feet, but the tin floors
are of a lesser depth, and have nearly a horizontal strata.
In the old mines of St. John, in Penrith, are found very
ancient tin floors, where the mineral appears to have been
lodged in bunches or masses shaped something like a idney.
‘When the tin ore is brought out of a mine it is known as
‘‘spaller,”” and is placed in heaps of different qualities,
according to its appearance.

Having found the ore the metal must be extracted, and,
therefore, the ore must be subjected to a series of opera-
tions something like the ore of lcad. Some of these
operations are mechanical, whilst others are of a chemical
character. The first is the picking of the purer portions
of the ore by hand; the other passcs to the stamping mill,
something like a pestle and mortar, where it is reduced to

a coarse powder about }in. square. This powder is
then buddled and washed to mechanically remove the
lighter impurities. =~ Sometimes the stamping mill is
supplied with a stream of water which continually washes
the ore onward through a sieve having meshes of sufficient
fineness. The ore passes on into large cisterns, about
18ft. long, 9in. deep, and say 20in. wide, having an inclina-
tion of §in. to the foot, and so arranged that as one fills the
other is being emptied after the mechanically suspended
mineral matter has been carried off by the wo or.

The mineral matter carried off by the wateris allowed to
deposit in slime-pits to be again treated.

I should say that the best ore stops at the head of the
cistern, whilst the poorer runs onward towards the foot or
lowest division, and which is called ‘ tailings.”” The head
ore is now carried by the strcam to a square cistern ; this
head ore is now passed to the tossing tub, which is like an
ordinary hooped tub; it is here stirred up with a shovel
and thoroughly washed with water, allowed to settle, and
the water drawn off, and the powdered mineral is found to
be in different layers, of which the best is at the bottom.
The workman can take out each layer separately from the
other, and, if clean enough, the ore is ready for the roasting
processes.

Roasting.

Having stamped and washed the ore, there are still some
impurities left in the material, such as arsenical iron and
copper pyrites, and the next job is to get rid of these sub-
stances. The ore is now to be placed in a reverberatory
furnace, with or without charcoal to expel the sulphur or
arsenic ; the ore now becomes converted into a ycllowish
brown powder, which operation takes from ten to twelve
hours to complete.

During this roasting the ore should be occasionally stirred
to expose fresh surfaces frecly to the air, and by this exposi-
tion of fresh surfaces the iron pyrites is decomposed and is
converted into sulphurous acid and peroxide of iron. ~The
arsenic is in like manner also expelled as arsenious acid,
whilst the greater part of the sulphide of copper is converted
into sulphate of copper, and this conversion will be dom-
pleted by exposing the mass in a moistened state to the
air for a week or so.

Next, this ore must be washed, viz., the sulphate of
copper is then dissolved out by lixiviation ; after which the
principal part of the peroxide of iron, as it is much lighter
than the oxide of tin.
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Smelting, or Reduction of Tin.

In order to obtain this object, the ore is mixed with from
about § to 4 by weight of powdered anthracite, or charcodl,
small coal, &c,, and a little lime or fluor spar to facilitate
the fusion of the siliceous gangue which still remains mixed
with the ore. Make the mixture just damp enough to pre-
vent the powdered or dust part from being carried away by
the current of air. Now throw it into areverberatoryfurnace
having a low crown. The charge being upon the hearth,
the heat must be gradually raised for five or six hours,
when the oxide of tin becomes by the carbon reduced, before
the heat is sufficient to cause the oxide to fuse with the
silica, with which it would form an enamel which would be
difficult to reduce. Now raise the heat until it becomes
very intense, to render the slags fluid; the reduced metal
now subsides to the bottom, and is now run off into pans,
and ladled out into moulds, which will have to undergo
another turn of melting known as liquation, refining, &c.

Liquation or Refining Tin.

The ingots of tin are now heated to incipient fusion upon
the bed of the reverberatory furnace, and require great
care, The furnace must not be too hot, but just sufficient
to melt the rich or purer part of the tin out of the block;
the purer tin being the more fusible portion, it generally
melts or sweats away from the block, and leaves a honey-
combed alloy which has a higher melting point., This less
fusible portion of the tin, when remelted, is the ordinary
block tin. The best tin is now drawn off into a second pan
in which the metal is gently heated, and kept in this state
for some time, during which time the metal is subjected to
the action of ‘¢ billeting.”” Thisis simply done by pushing
a few green or dampish sticks into the tin so as to cause it
to bubble up ; the decomposition and the escape of steam
and gas from the wood causes the melted tin to enter into
a state of violent ebullition, and as the gases rise through
the molten tin so they bring up all the slag, dust, dirt, and
other mechanical impurities to the surface,

After this treatment has been continued for a matter of
three hours, the metal is skimmed off and allowed to stand
for a matter of two hours; it is then again skimmed clean,
allowed to settle, which it will into three stratas, which are
carefully ladled and cast into ingots ready for the market.

The purest and best metal will be taken from off the top
part of the pan, and is put on one side; of course this
purity is owing to its density not being so great as that of
the metal below, and its tendency to separate from its alloy.

The finest quality of the metal is frequently heated a
second time to a temperature a little short of its melting
point; at this temperature it becomes brittle, and if allowed
to fall from a height it will break into irregular prismatic
fragments, which are known as dropped or grain tin.

The splitting of the mass into these fragments is some-
what of a guarantee of the purity of the tin, for impure
tin does not become brittle in this manner.

Pure Tin.

Should the tin be required perfectly pure the metal can
be obtained by means of voltaic action. A concentrated
solution of crude tin in hydrochloric acid is put into a
beaker, and water cautiously put in without stirring up the
dense solution below. Place a bar of tin into the solution ;
here beautiful prismatic erystals of pure tin are gradually
deposited on the bar at the point of the junction between
the metallic solution and the water.

Properties of Tin.

Tin is a white coloured metal resembling that of silver,
but with a soft tinge of yellow, and has a high metallic
lustre. When first cut it does not lose its lustre when ex-
posed to the air, It is sonorous though rather soft,
malleable, and ductile, but possesses little tenacity. At a
temperature of about 212° F. its ductility is considerable,
and it may be drawn into wire, or laminated into what is
known as tinfoil. When bent it emits a peculiar creaking
sound, and if the bending is continued backwards and
forwards it becomes sensibly hot at the point of flexure.
This phenomenon of the heat depends upon the mechanical
alteration of the relative position of its molecules, and
their mutual friction. It when handled gives a peculiar
odour to the hands. It is a tolerably good conductor of
heat and electricity ; its fusing point lies between 428° and
442° F. ; it is not sensibly volatilised, but will boil at about
8,103° F., and if heated much past this heat it will take fire
and become rapidly oxidized and burn with a brilliant
white flame, and a white powder of stannic oxide (some-
times called putty powder) is formed.

Nitric acid attracts tin very sensibly, and produces an
insoluble hydrated binoxide of the metal, mnitrous fumes
being given off, and stannic oxide being left as a white
powder. At the same time, owing to the decomposition of
water, a quantity of ammonija is formed, which enters into
combination with the excess of the acid.

Strong hydrochloric acid dissolves tin with a solution of
hydrogen and the formation of stannous chloride. Dilute
sulphuric acid is without action on the metal, but if the
concentrated acid be boiled upon it the tin becomes con-
verted into sulphate, while sulphurous acid escapes.

Tin Monoxide Sn O.-

This is a black powder which may be prepared by heating
the stannous hydrate with carbonic acid; it rapidly absorbs
oxygen from the air, passing into stanmic oxide. The
hydrate is precipitated as a white powder when a solution
og stannous salts is added to an alkaline carbonate.

Sulphides of tin, stannous sulphide, S Sn S, and stannic
sulphide, Sn S, are the most important. The Sn S is a
blackish grey, and the latter, Sn S;, a bright yellow
crystalline powder soluble in alkaline sulphides.

METALS AND

Fusing Points of Metals and Alloys.

Iron (cast)—The pot will melt at white Melts.

heat ... ... 2,912 Fahr.
Copper—Pipes and Bits, bright red, from

1,800 to T 2,000 ,,
Silver—Taps for Filter, Pipes, &e.... 1,832 ,,
Brass and Gun metal.., sosi-e 156000 15
Antimony—Red heat for the expanding

metal ... » 810 ,,

ALLOYS.

Zine—In Brass bosses, &c.; beware of the Melts.
Solder ... 773 Fahr.
Mercury ... boils 662 ,,
Lead—If the metal is too hot it tellsa tale 612 ,,
Lead boils and evaporates at white heat
Bismuth—For very fine solder 500 ,,
Tin—DMelts at ... 428 ,,
Begins to spoil past this heat; forms
Putty Powder—boils at 3,(2)5195 55
h)

‘Water boils



42 SOLDER.

Solder-making Table and Fusing Points.

As the melting-point of lead is 6129, or about, according to
the class of lead, s0 we must have our solder to melt at a lower
temperature, and as the solder very much depends upon the
nature and quality of both thelead and tin, no correct rule can
be laid down, as you may have a sluggish lead or a lively lead
—in fact, one of our standard works differs in its own columns
on the melting point of plumbers’ solder. Yet, no doubt,
it is recorded correctly. In one place it lays down the rule
as follows :—1 of tin, 2 of lead, melting point, 441° Fahr.
On the very next page it says plumbers’ solder, 1 of tin and
2 of lead, melting point 475°, 34° different—of course by
the same scale. I contend that this difference was caused
by the use of dull or lively lead or tin.

Davies’ Solder Table.

I have worked out the following list of different fusible
alloys or solders which may be used by plumbers :

Na&mes. Lead. Tin. Bismuth. Mercury. Cadmium. Melting Pt.
.
20

10

550° Fah. or
about.
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Solder, Analysis of.

A.—Weigh one grain of solder, which must be cut into
small pieces. Next mix or treat it with equal parts of
strong nitric acid and water; then very carefully heat the
lot over a sand bath until the liquid is evaporated to dry-
ness; now add more water, boil and filter it, wash it; then
ignite filter and contents, weigh and calculate into metallic
tin as follows : —

Sn0z Sn
150 : 118 :: weight found : X = Metallic tin.

B.—TFilter from A and evaporate to a small bulk; now
let it cool, after which mix the solution with sulphuric acid
in slight excess, and add to the mixture twice its volumne of
alcohol ; next allow it to settle, and filter it, then wash its
precipitate in alcohol. Next dry it and detach it from the
paper into a porcelain crucible, add filter ash, ignite and
weigh it; then calculate it into lead as follows:—

PbSO; Pb
303 : 207 :: weight found : X = Metallic lead.

Expanding Metal for Plugs, &c.
The following metal expands on cooling :

S BEYYGIR e e 9 parts.
Antimony ... 3% 3,
Bismutl g s o 1

It is the antimony which expands, but this alone is of ho
use for general purposes.

Tenacity of Lead (to increase).
12 parts lead, 1 zinc.
The tenacity of zinc is here doubled, and the alloy has
six times the tenacity of lead.

Hardening Lead.
To harden lead use zinc or tin.

Mixing Lead and Zine.
To mix lead with zinc use arsenic.

Decomposing Lead and Zinc.

Heat the alloy to white heat, when the zinc will be
.volatilized and the lead remains.

SOLDER.

History.

The history of solder will be interesting to many,
especially when we know that the Chinese have records of
its use as early as 2200 B.c. They assert that Yu, who was
about this date semi-king, with his partner Chum, caused
bronze vases to be made, some of which were cast, and
others made in pieces of copper joined with different soft
metals, which, gowever, were not so lasting as the former.
This is fully 4,080 years ago. Besides this we have very
good authority for the ancient use of solder by the
Egyptians, who were undoubtedly Al plumbers. They
were not satisfied with simply laying lead and pipes.
Imbricated vases of lead were the deﬁlght of the Egyptian

lumber. We find them represented in the tombs of
otmes the Third, and, which is still more interesting, we
can trace the old Pheenicians 1000 B.c. (before Solomon’s

temple was thought of) and no doubt long before, fetching:
tin from Britain.

In Malacca, tin was found in the very remote ages.
Soldering lead pipes is mentioned by Vitruvius. The
ancient plumber not only knew how to do his work, but
(unlike the plumbers of the present age) took advantage in
soldering with the capillary action of the solder, for we
read that their soldering was 8o neat that it could not be
seen. They were in the habit of lapping the lead, and letting
the solder sweat underneath, especially in cisterns, where the
water was likely to eat away the tin, as they called it, and
even to this day such work is done by the chemical works’
plumber, under the name of sweating, when lining cham-
bers, &c. If my readers will take the trouble to go to the
British Museum, and hunt up the old works, they cannot
fail to notice the wonderful wisdom and skill dispia.yed bg
the ancient plumber, particularly in the science of

|
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and hydraulies. See the works of Hero and Ctesibius,
‘Witness also Jacob’s well (which was no doubt known long
before his time, because we are not told or informed that
the patriarch had it made ; he only owned the land). The
well is to this day, as of old, 105ft. deep and 9ft. in
diameter.

Yusset’s (yes, Joseph’s) well at Cairo surpasses all.
First, it is sunk 165ft.; then, having a large chamber or
adit at right angles at this depth, it is again worked
down (out of the perpendicular line of the first shaft) 130ft.
It is really two wells, one below the other, 295ft. deep.
The first well has a spiral passage way for asses, &c., to go
down to work the machinery. g.;[il order to appreciate the
ingenuity, skill and knowledge displayed by ancient
plumbers and some of more modern date, we have only to
look at those wonderful machines, the pump and the
hydraulic ram, alse the hydraulic press and the endless
contrivances and mechanical movements, to say nothing of
chemistry, which the plumber has had to do with.

City Solder.

This solder is made and tested to the standard scale of
2 of lead and 1 of tin, which is tested by taking a small
portion in a given sized mould, weighing it to a standard,
and stamping it ready for the market.

Solder-Making, Plumbers'.

Take one cwt. of good old lead or lead cuttings {scraps
of sheet lead), run it down thoroughly, stir it up, and take
off all dirt or dross. Then take 56-1b. of, say, Bolitho and
Sons’ Penzance tin, stamped with the lamb and flag, under
which is the word ¢‘Chyandour.”” Let this run down.
Then, when it is nearly all melted down and is cooler,
throw in }-lb. black resin, and well stir the lot up. Fetch
up the heat to about 600 degrees, or a little less, which
may be known by submerging a piece of Times newspaper
in the molten meotal, and if it blazes quickly the solder is
hot enough. Give it another good stir* up and fill your
moulds, which are prepared as follows :

For making solder on a wholesale plan get a quantity of
shallow boxes like the flask box top B, Fig. 15, and some

good close binding sand; fix these boxes perfectly level and
imbed the pattern into the sand; the sand will harden and
the mould will answer for many times. The solder may
be picked up or turned out of the mould without disturbing
the sand. The general method adopted in ordinary plum-
bers’ shops is as follows:

Take the ordinary sand in the sand box as before de-
scribed. Then just damp the sand sufficiently so that it
will bind (not Zoo wet); take the solder mould (properly
speaking, a pattern) [see solder mould Fig. 33], imbed
same in sand perfectly level (use a level), and, with a
mallet, hammer it so as to get a good impression. Take
out the pattern, and should you break the sand at the sides
you can make it good with the putty knife, Fig. 32, and
pour mould full of solder as quickly as you can. The head
of the pattern will make a runner, so that you may pour in
one place near same. If your sand is too wet, or your
solder toc cold, you will not get that fine yellow and purple
hue upon the solder called the “‘bloom™ (the tin suffers

most by the heat; it rises and oxidizes quickly), which
makes it look good. Tf you particularly want this, get up
a stronger heat, or throw into the pot a knob of brimstone ;
but the solder should not want this, as it is quite good
enough for toning down. The colour is nothing. One
way to tell good solder is to take a ladleful and pour it on
a clean, dry, level stone, and if the metal has a white
appearance on both sides it is too coarse and requires more
tin, but if a few bright greasy-looking spots are to be
seen on the underside then it is finer, but not up to the
mark. If it spots here and there on the top side, say, large
or §in every inch or so, the solder will do. If too fine it
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will be all spots or very thick. I can tell when I have
sufficient tin by ‘‘hefting’’ it in the ladle, which can only
be acquired by practice.

Solder, Hards for.

It often happens that in jobbing shops the plumber will
have a lot of old joints called ‘‘hards.”” They should be
carefully cut out with a chipping-knife [Fig. 33] and small
hammer, and kept for solder-making, as in this case you
save tin. Care must be taken not to put them into the pot
damp. I should here remark that lead (and everything
else) must be well dried and free from damp before it is put
into the pot, if the latter has molten lead or other metal in
it. It is highly dangerous, owing to the sudden generation
of steam (and other causes hereafter to be spoken of, which will
require particular explanation) below the fluid metal, to put
damp ladles (or, in'fact, anything else) whilst damp into
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molten metals, Test this solder as before with the spots.
[Also see “ Fining Solder.””] Of course, this solder cannot
be considered first-class, although it may be if the hards are
good (beware of gutter or roof < hards’—sce *“ Bad Solder’’).

Solder, Fine.

Mix half lead and half tin, as before described [Plumbers’
Solder], which makes good fine solder, melting at 370° F.
fsee table].  If, when held to the ear, it creaks or makes a
grating sound only just perceivable, when it is bent (cold)
backwards and forwards, it is fine enongh. If the grating
is ratherloud, it is too fine, and requires a little mfore lead.
Well stir the metal up and pour it into the iron mould
before described (this is called ‘‘ Stick Solder’), or run it
out on a clean level stone into straps 12 in. long or longer,
and } in. wide. This is called ¢ Strap Solder.”” This is
quite a favourite way, especially with the old school of
plumbers. The secret of making good solder is to keep it
cleaa and free from dirt, dross, &c. Of course, you want
the proper quantity and quality of tin and lead.

Solder, Fine Pressed.

Fine solder is sometimes pressed, like so much solid rod
of lead [see ‘‘Lead Pipe Presses,”” ¢ Other uses of the
Press,”’]  Some presses, as for instance, John Anthony’s
press, have a lot of dies instead of one, whereby the solder
can be made as fast as youn like, and cut up into the
required lengths. The ingredients are as above. I may
add that this is not much practised, there being no better
method than running the solder into moulds. J. Pullen
and Sons are our largest solder makers known in England,
and they use iron moulds for fine solder making.

Solder, Blowpipe.

This is made of 1 of lead and 1} tin, as before described
[ Plumbers’ Solder'’] and melts at 330° F. Itis poured
out with a ladle having }in. hole drilled in the spout, on
a clean slab fixed out of the level or on the slant. There
are other methods of running this solder in large quantities
and by which a ton of solder can be run by a man and two
boys in a day; one method is by the use of a hot iron
trough with a handle pulled along on a perfectly level iron

late, the trongh having a number of }in. holes for the
lead to run through as it is pulled along the level plate.
Remember that this solder melts very easily ; but as I have
given you a new ¢ Solder Table,”” you can ever after
this make your solder to suit your work. Don’t forget
the following list of the metals which are used by the
plumber and lead-worker.

Solder, Refining.

It often happens that solder will get some foul rubbish
into it, such as zine, burnt tin, and lead, iron, &c., which
causes the solder to set or crystallize contrary to the
general rule. This is known by the solder quickly curd-
ling or setting and working rough, with the tin separating
and looking like so much sawdust, excepting colour, which,
if disturbed when cooling, is a kind of grey-black. This
is often caused by dipping brasswork into the pot for
tinning, and also when soldering brasswork to lead, &ec.,
when if too hot [see ‘‘Zinc’’] the zine leaves the copper
and the tin takes it up, because the tin and zinc readily

mix. A small portion of zinc will also cause the lead and
tin to crystalkize or separate. This requires very particular
attention, and ecannot be managed otherwise.

Solder Zincy.

If you have any idea that there is zinc in your solder
(the least trace is quite sufficient), heat it to about 800°,
or nearly red-hot, only just visible in the dark (if visible
or red-hot in the daytime it will be at least 1,100° of heat,
enough to spoil any metal, and red-hot irons don’t improve
solder) ; throw in a lump of brimstone (sulphur), which
melts at 226° F., but at a greater heat between this and
430, just below plumbers’ solder, it thickens, and from 480°
to 600° remelts, and again becomes thinner, hence the one
reason for the increase of heat. The other reason is that
at 773° F. the zinc melts, and being lighter than lead or
tin, has a chance to float, especially with the aid of sulphur,
The gravity of lead is 11-45; tin, lighter, 7°3; and zine.
lighter still, 6°8 to 7 (just enough to rise) ; and sulphur,
1-98. The latter mixes with the zin¢, &e., and carries the
lot of foreign matter to the surface. It also brings up all
the oxidized lead and tin in the form of a whitish powder
called ‘‘Putty Powder,”” which may be in the pot, or
makes it fly to the iron. This being the case, skim the
solder well, and with the aid of tallow, after the heat is
brought down to about 480°, or just below working point,
stir the lot well up in plenty of tallow, which will free the
sulphur, and your solder will be clean. A good lump of
resin will improve it (add a little tin). If you have very
much zinc present thebest way will be to granulate the solder
as follows : Just at setting-point turn it out of the pot, and
break it up with the dresser like so much mould or sand ;
put it back into the pot, and cover it with spirits of salts ;
let it soak for a day or so, then well wash the lot, and
serve it as above. This will effectually take the zinc out.
Afterwards add a little more tin to compensate for that
destroyed by the excessive heat and the acid. A little
arsenic very readily carries zinc through the solder, as
the one clings to the other. You see that the lead and tin
can be separated by one rising above the other, therefore
always stir it before you take out a ladleful for use.

Solder, Burnt.

This is often taken for zincy solder, and is generally
caused by inattention. N.B. Never stir solder when it is
red-hot, but let it cool down to about a good working heat;
there will a thick scum rise on the surface which should
be carefully skimmed off at working heat; often a little
tin will right such metal. I do not know which is the
worst, zincy solder or burnt; I think the latter, because
it cannot be so easily detected. If we suppose that injury
results when you make the solder red-hot, say to a visible
red in the dark, 950° Fahr. (nearly 450° hotter than it
should be), what must we suppose will be the consequences
if you get it to a bright red, so that you-can plainly see
it in the daylight, which will be 1300° Fahr., or 700°
above what it should be? When we consider that tin
melts at 428°, and lead at 612° (or the two together at 440°);
that lead rapidly becomes porous, and oxidizes at 612°
(when it is known as rotten), and that tin at 428° forms
putty powder, what may be expected when they are sub-
jected to such heat ? Why, all the nutriment, so to speak,
or more properly speaking (if I may use the term), the
binding properties, get burnt up, and it is this pliable and
binding property which makes the solder work like butter,
which ductility is always seen in good solder. This is one
reason. But for the other, the mectal becomes at the
ordinary heat cloggy and dull; it won’t move; it is
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charged with the oxides of lead and tin, which will not
separate from the massg; it must have some assistance to
carry it up. Well, it is readily carried up with sulphur;
the sulphur carried up with tallow; and the consequence
will be that as the tin has suffered the most it rises in an iron
grey, sometimes a little yellow, colour, and the surface of
the metal will look hard, showing that there has been a
separation of the lead and tin.

DAVIES’ MAXIMS.

Zine and arsenic mixed with lead,
Form the mason’s mallet head ;

Arsenic and sulphur’s very light,
And carry zine from solder quite.

By keeping this to gentle heat,
The work will nearly be complete ;
¢Touch '’ and zesin do the rest;
The solder’s now the very best.

But burning solder makes it rotten,
The day of which I've not forgotten ;
Then add some sulphur to the pot,
And stir about the smoking lot.

Then some tin, ’tis understood,
‘Will make this solder pretty good ;
After this you will take care

The proper heat is always there.

Solder, Bad.

If you have only a small quantity of solder, burned or
zincy, it is best to make it up into fine solder, or use it for
repairing roofs. Remember, do not put fine solder into your
phanber’s solder, unless you know what it is. Some solder

will work well for about six or ten heats and then become
coarse and like so much sawdust; its appearance will be:
black and dull; it will become very porous and unworkable-
without more tin. This is due to the fact that poor tin
has been employed or some foreign substance, such as
antimony, fouled metal having slight traces of bismuth,
&c., has been mixed with it. It will form teats on the
bottom of the joint, and will be difficult to keep on the
work. Keep adding more tin to the solder.

Solder, Spoiling.

Some plumbers do not know how to alber their solder the
right way. They will, when too fine, or when it hangs to-
their cloth, add more tin instead of a little lead ; whilst at
another time, when it is too coarse, or sets too quickly, they
will add lead, and then growl because, as they say, the
solder is duffing stuff. [See Joint Making.]

Solder and Zinc (Tools).

Never have zinc near your solder or melt zinc in your
solder pot, or your ladle, as you cannot get rid of it after-
wards without a lot of trouble. It will hang about for
months. = _
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The best is that kept by the shoemaker, and” purchasing.
this saves a lot of trouble. In default of this, however,
make the paste as follows:—Talke two teaspoonfuls of flour,
mix it upin a clean ladle with cold water to the consistency
of thin cream; then boil it, keeping it well stirred, until
it becomes paste. Don’t burn it. Burn the ladle out to
clean it. A little cloves will keep the paste from stinking-
or turning mouldy.

Plumbers’ Paste.

SHEET LEAD CUTTING.

J
Unrolling and Removing Sheets.

The first thing wanted is a good platform of sufficient
strength [for this see Fig. 38]. As we are about to

cut up sheet lead for the soil pipes, it will be quite as
well to know the best and easiest way to set about
it. We have, let us say, a sheet of 7lb. lead weighing
13cwt. Oqr. 7lb., quite too much for any pair of plumbers
(a pl_umber and labourer) to move without assistance,
but it must be done; then comes into play the assist-
ance of the lead-worker’s ingenuity and skill with levers
(which are not properly understood by the greater number
of good lead-workers, because in large shops the lead is

often cut up for them by the shop hands, or shifted about '

by having plenty of strength—often one pulling against
the other. This I have seen with my own men, and if you
speak to them about it they think you are wanting to find
fault). We must have a fine day or a dry place to unroll
the sheet.

Fig. 34 is the sheet not cut. It lies against the wall, the-
wrong way for unrolling [see the difference in Figs. 34 and
36 at WW W, and 37 at W, that is, it cannot be unrolled
without turning it end for end, which must in this case be:
done by two persons. (When unloading sheets always see
that they are laid right for unrolling.) Take the hand-
spike described in ‘¢ Workshop and its Tools,”’ place the
narrow bent end in the hole A as tightly as you can (a little

- chalk will cause it to bite better); then at the end of the

handspike, which must lean cr incline a little the way you
wish the sheet to go, thrust it down. If it won’t move
take the other handspike) and with one at each end of the
sheet make it a two-handed job. It moves! Let us pull
it over with our hands, which is done by placing the hand
three parts over the sheet and pulling by main force. Keep
it rolling as fast as you can, as it goes easier when once
started—of course, owing to its momentum. When itis at a.
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good distance from the wall, get on the other side of it, and
push it either with the hands or with the feet : the latter is
the favourite way, especia.llly when you can get sufficient

t is far enough; let’s turn it!

help, but it wants plenty.

to E, the more power you will obtain. Now lift the lever D
—the sheet is up. Place something under the end, prising
again and again until you have it sufficiently high to place
the roller under, as at A, Fig. 37 (about the centre of the

Fia.

Take the small roller A [Fig. 35], place it as at A ; then
with the handspike B (the roller A forming a fulcrum),
prize the end up—the nearer the roller to the end of the

The hand-

sheet the more likely you will be to raise it.
spike thus used is called a ‘“lever of the first order,” in

mechanics. It is too much for us; what shall we do?
Try again, with a cross lift [Fig. 36]. Let the handspike

35.

sheet) ; then with the handspike B slue or turn the sheet
quarter round. Take the other roller, or cut the present
one round square with the sheet, and slue again until the

Fie. 37.

sheet is far enough ; then with the two handspikes placed

under each end of the sheet (but not too far) prise the sheet

(second order of leverage) off the roller. If you wish to
slue or cut the one end of the sheet a little farther round,

It
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B remain ; take a brick, piece of wood, or shift the roller
A to the position &, place the handspike D under B and on
the roller A (or a piece of quartering will answer for the
fulerum 1}3, which will give you compound leverage of the
second order. The longer the leverage from the sheet to
E, and the shorter the leverage from the roller (fulerum) A

you can do it with the levers or handspikes, as at Fig. 36,
not using the rollers or fulerum A, as there shown. Thig
sheet now stands right for unrolling [see W, W, W, W1].

T have not said anything as to the making of a platform,
which is done as follows [see Fig. 38]:—S3 888 are tho
eleven scaffold boards, which are just the thing; a dozen

TN ——
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would be better—you can always think of this number as
it is equal, or, say the boards are 9in.; then 12 by 9 equals
108; the sheet 7ft., equal to 84in, leaving 24in. for the knife
to drop on. The boards should be 15ft. long. The strings
[H, F, G, Fig. 34] must now be cut. Now unroll the sheet,
which is done by two or more stooping, and either pulling
or pushing at the roll until they have undone, say, three feet.
Then get on the lead and push it over either with your hands
or feet. For my part, I prefer to see my men pull it over,
as the foot-work appears to me rather a lazy habit.

Cutting Out.

Here a large square is handy. This can be made in five
minutes of three pieces of slate-batten or the like nailed
together with three nails. I like the square 3ft. or 4ft.
long. It does not matter how rough, so that it is true.

Chalk Line.

A good line of a medium thickness, say about 1-12th of
an inch, is indispensable to the plumber, and a rule or
straight edge which is described under the heading ‘¢ Cutting
out Lead *” (of course for roof work the chalk line is best,
because the scratches may come just in an angle and cause
the lead to split when working at this point).

Drawing Knife (Long Handle).

The cutting-out knife is described briefly in shop tools,
¢“Wooden Tools,”” but if you refer to Fig. 39, where one

iron or copper wire or ring to work loosely through ; this
is for attaching the pull cord, E, to which should be
attached a piece of sash-cord about 7ft. long. Having
marked and snapped the lines, A, B, D, on the Sheet [38],
take the knife and dip the point A intoa * dip-pot,”” some
water, or spit upon the end ; then the mate takes the end
of the cord, and keeping in a true line with the chalk line,
with his hands as low as he conveniently can, let him pull
the knife along the chalk lines, you holding same by placing
your right hand at B, the left at F. Keep the handle at
F down, and do not put too much pressure on, or twist the
knife, but keep it upright and keep F in a line with the
chalk line [see Cutting-out Soil Pipe]. It is now ready for
rolling up. This is done as follows :—Having it cut as at
A, B, and C, Fig. 38, take the pocket knife and cut it
apart, say 3" down the cut; next take the lead and pull it
apart say 18” down; now kneel down and form one end
into a roll of, say, 8" to 4” diameter, and commence rolling it
up, keeping the ends parallel with each other. Keep the
hole clear through the lead, for the end of the rope to pass
through when hoisting, &e.

Plumber’'s Pocket Knife.
[Fig. 40, Quarter Full Size.]

This tool the plumber cannot be too particular about ;
it should be kept quite sharp, and its point as shown.
Never strike the back of the blade with the hammer,
&c., for by so doing you strain the rivet, and in a short

Fie. 39.

of these handy tools is represented, it may give you an idea
of what it is made like. A is the cutting point, which
should always be kept as sharp as your pocket drawing-
knife, and the point to the shape shown. From A to H is
about 5in. or 6in. long, and about lin. to 1iin. wide, top
or back, 1in. thick, handle made out of a broomstick, &e.,
having a $in. iron or other socket, K, to keep the.end from
giving way. This handle is about 3ft. long. Ialwaysuse
a long knife, even for trimming off, where I can. The hole,
D, should be }in. to §in. and large enough for a piece of

‘time it will give way, and most likely hurt your hand

or strain your wrist. Never put the blade near

F1a. 40.

hot solder nor try to cut solder with it. Remember that
this knife should only be used for lead or wood.

SOIL PIPES.

History.

Now we have the sheets of lead about, we may as well
cut out a few lengths of soil pipe, which should be one
of the first jobs given to the apprentice to make up.

These are of extremely ancient invention, due, perhaps,
as some think, to Asiatic ingenuity.  Soil pipes have
also been in use in the East from almost the earliest
recorded time.
and other ancient cities.
France before it was known in England.

They were well-known in old Rome,
The soil pipe was used in
Sir John

Harrington was a great advocate of lead soil pipes in
Queen Elizabeth’s reign. The very old soil pipes were
wiped, then came copper-bit seams, drawn, and last (and
worst) pressed, although to some these latter may appear
the best.

"Materials and Sizes of Soil Pipes.

These pipes are, as before stated, made in different ways,
and of various material and sizes, from 3in. to 6in., the
general sizes being 4in. and 5in. Undoubtedly, lead is the
material given us for making soil pipes. It should be of
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equal thickness, and from 7lb. to 10lb. to the square foot,
hand-made, as the material is much more even—in fact,
pressed pipe is, as a rule, thin on one side and thick on the
other, with a lot of scratches or die-marks, especially the
mandrel, or inside part of the pipe. It is a very common
thing to see this pressed pipe 81b. thick on one side and 4lb.
on the other. It may look all very well ai the ends, but
cut it in two, and you will almost always find a difference.
Then again, there is often stuff, such as zine, amongst the
pressed pipe, which we do not get with the sheet lead. I
have seen pressed lead soil pipe eaten away (in the trade we
use this term) in a very short time. There are to be seen
old soil pipes corroded, and much more so on one
side than the other. Some of our quasi-sanitary engineers
make much ado when they come across this pipe, and more
especially should it happen to be in an old ©-trap. In fact
so much are they pleased with such finds, that they make
great boast about them at their exhibition stalls, &c. They
may be known by these their fancy exhibits. I may men-
tion that two or three samples of this are exhibited in
Parke’s Muscum of Hygiene, University College, London.
This is easily understood if you will think for a moment
what effect acids have npon nearly all metals, lead, as a
common metal, the least. Sometimes the very sound of
pressed soil pipe tells that it is notall lead ; it will ring like
so much zine, and as to bending it, that is ont of all reason.
Trué, we know that the lead suffers greatly by the pressure
from the ram, but this does not account for all the ringing,
as spoken of under the heading, Nature and Properties of
Lead. Annealingitisnouse. Thefact is, it is cheap, and this
is one reason for its use. Another is that in London it can
always be had at a minute’s notice. The third is that we
have so very few good soil pipe makers. They cannot do
it at a fair price ; ‘‘dufling >’ workmen make a lot of fuss
and bother in their attempt to makoe it, and they drive the
work out of the shop. I may say that hand-made soil pipe
can be made quite as cheaply as we buy the pressed, if the
proper person gets the work.
soil pipe giving way at the seams.

Soil Pipe Lengths.

The old lengths are too short. The best lengths for
good-sized houses are those which will go or reach from
floor to floor. Say the house is to be 60ft. high, the base-
ment 9ft. 6in., the ground floor 12£. ; the first requires a
length of 11ft, the second a length of 13ft., two 12ft.
lengths will answer, and one joint isall that is required for
fixing (of course the ‘‘ tacks’” excepted). Again, it often
happens that the closet is on the ground floor only; in this
case the 12ft. length will do for the upright pipe, and also
the bend ; or in other cases, where there is no basement,
and a closet on the first floor, the ground floor ceiling will
not exceed 9ft. 6in. Here you will have 2ft. 6in., the 6in.
to go through the floor to drain pipe, and the 2ft. for the
bend and pipe to trap. In fact, 12ft. lengths are much the
handiest for many reasons. X

Sizes of Sheet Lead for Soil Pipe Making.

The following is a simple geometrical plan for obtaining
the size of the lead for making soil pipes, which I have in-
vented forthisbook, and expressly for the use of the plumber,
in order that the work may be done accurately and with
deﬁgﬁatch. First with your compasses draw the circle A E
B, Fig. 41, tothe size of the pipe required ; then draw the line
A B across the centre, and from the centre point C erect the
perpendicular line C D, make the length of this line three
times the radius of the circle; namely, three times the dis-
tance from A to C, as shown by the line DC. Next draw
the line from point A to point D; this line A D will be half
the length of the lead required to go round the soil pipe,

It is all fudge about good !

which, of course, when doubled will give the required size, at
least near enough for all practical purposes.

Fra. 41.

Size of Sheet Lead for Soil Pipes in Measurements,

The following sizes of soil pipes require the annexed
width: For 4in., the width requires to be, when finished,
for 12}in. of lead 6lb. sheet lead; if thicker lead, allow a
little wider becanse the outside of the lead will have to gc
further ronund; 4}in., 1l4jin.; 5in., 15%in.; 5in., 17in.;
Gin., 19in. The lead must be sufficiently wide to allow for
trimming and planingnp. If cut pretty straight, in, will
do ; butif crooked, lin. is none too much.

Cutting out Lead.

Having the sizes required, and the sheet unrolled,
measure off the size on the sheet (remember to always use
the sheet as though it were your own; don't knock it
about, or cut it to waste, or roll it up in a slovenly manner);
take the chalk line (which should be rolled on a good-sized
reel, with large centres or thumb and finger holes), and,
with a dry piece of soft chalk, chalk the line; then with the
labourer at one end, you at the other, snap it over the two
marks. Be very particular that the line runs right throngh
and true over the centre of the marks. The marks nor line
must not-be too large. I prefer a good straightedge, and
to scribe the lead with a sharp round-pointed bradawl ; then
take the plumber’s pocket or drawing knife, Fig 40, or take
the proper or long drawing or cutting out knife described
[kig. 393(:n Now, while the mate (labourer) has the cord and
you the knife, dip the point into water, and apply it to the
line as straight as you can. Don’t put too much pressure
on, or twist the knife when in the lead, or you will snap oft
the point, but keep your knife well sharp and upright, the
handle low and straight with the line, your right hand about
9in. from the knife. When you are at the end of the sheet,
place a small piece of lead under where the line runs, whick
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prevents your knife cutting the stone or getting on nails,
}Szc. Min%l you don’t cut your toe, which accident is likely
to be caused by the labourer snatching the cord, or when
you come to the end of the line, or across bumps or ridges in
the lead caused by it not being properly unrolled, or by the
sheet being knocked about beforehand. :
Having cut what you require, take the pocket knife,
Fig. 40, and just start the ends; that is, take the sheet
in the left hand, and with the knife cut them about 3in.
down the line; then roll them up neatly, keeping the sides
true to the line one with the other, weigh them, and unroll

cne true and straight on the bench ready for dressing out.,

Dressers. [Fig. 42.]

The best-made ¢‘dressers’ are those which have the
handles standing well back from out of a line with the front,

Fia. 42,

Dressers are made of soft wood
such as pine, pitch pine, hornbeam (the best wood and most
used), box wood, English (as the foreign is too soft and
oreaks up).

or sharp edge of the dresser.

Dressing out Sheet Lead.

The lead must be kept straight and free from buckles ;
then, with a soft or hornbeam dresser, dress down the edges ;
but don’t dress one side of the lead more than the other,
uniess it is rounding, if so dress the concave or hollow side
until it is straight (this is done and should be observed in
all cases when the lead is crooked, or otherwise required to
be cruoked ; important for flashings, gutters, &c.). Then
take the ‘‘Flapper,”’ Fig. 43, which is made with a piece
Uf stout sheet lead, about 9in. to 12in. long, and 6in. to 8in.

wide, with the handle knocked to the shape shown, and
““flap”* or ‘“dress  the lead as before (equal on each side).
This dresses the lead free from bumps, &e.

Soil Pipe—Planing or Shooting the Edges.—[Fig.44.]

_ This is very important, and must be done with care.
The plan shown at Fig 44. is very useful, and saves a lot of
!;lme; it can be made in a few minutes. I have never seen
1t used except by myself ; therefore, I am inclined to think
1t original for ghooting lad edges. The drawing shows the
bench specially made. The edge A must be straight and
fixed about #in. above the fillet B, which should be smooth
and not less than 2 in. wide. Fix the lead with two brad-
awls C C, asshown. Imstead of the bradawl C iu the
centre, fix a lath for the planed side or edge. ‘“Touch”’

(tallow candle is touch) the plane, and have the plane iron
set to the work, which is acquired only by practice. The
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plane handle is removed from its original place to the side
of the plane; but the regular way will do the work. In
this case you do not require the straightedge, as A answers
the purpose.

In the ordinary way, you fix the lead on the bench, with
about }in. projecting over the edge, and plane away until
you think (not know) that the edge is true. Try it with a
long straightedge. Plane aguain until it is right, or the
lead too small (hence the reason for adopting the above
plan). After the edge is straight, turn the lead over and
plane the other side, bringing the lead to the required
width.

Take a square and square the ends true with the sides.

Turning or Pulling up Soil Pipe on the Mandrel.

Next take the mandrel and place it on the lead parallel
with the sides [as shown at Fig 45]. Let the labourer and

£ - E
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yourself, and another if you can get him, place their arms
upon the mandrel, and with the hands pull the farther side
over on the mandrel. Keeg on until the lead is fairly
wrapped round the mandrel; after which take the soft
dresser, and beat the edges flat on the mandrel. Then

Fia. 46.
withdraw the same, and the pipe is ready for “soiling. ’
Fig 46 illustrates the soil pipe at this stage.

D
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Bench Soil Pipe Block. [Fig. 47].

This block should be about 7in. high, 12in. long, 24in.
or 3in. thick, with an easy hole to fit the pipe, as at A
The shop should possess two of every size from 3in. to 6in.
It is used for working the pipe on. Sometimes this block
is cut in the shape of a V for the pipe to lie in, then
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one block will answer for several sized pipes to lie in; but
are not so good, as the pipe revolves in them too heavily.

Soil, Tarnish or Smudge.

This is black mixed up with a little glue, or size and
water, sufficient to cause it to bind or not to rub off. For
good and particular work the following is the best way to
make it. (I worked four years in a shop and never used a
bit of soil. After a certain amount of practice, you can do
without it; Mr Graham has done the same—in fact, he
introduced it to me).

Take a large packet of lampblack, put it into the metal
pot and make it red-hot, then let it cool. Take a lump of
chalk about half the size of a large hen’s egg, pound or
break it up very fine or rub it on the rasp; then mix the
chalk and black together in water or beer, and well grind
the mixture up, either with a muller and paint stone or
with a trowel. Whichever it may be, the black must be
well ground, so that no grit can be found. Make it as stiff
as good mortar. Next, have some melted glue (here the
glue-pot will be handy), put a good sized table-spoonful
with the black, warm up the lot over a moderate fire,
keeping it well stirred up from the bottom. Then with an
old worn sash-tool (paint-brush) free from paint or grease,
(which may be had of any painter, washed out) and well
worked into the ‘“ soil,”’ paint or ¢¢soil’(as it is termed) a
piece of lead which is perfectly free from grease, and hold it
to the fire to dry-—mnot too close, so as to burn the soil. Then
with the fingers rub it until it shines. If it rubs off, it wants
more glue ; if it blistersor peels off, it has too much glue, or
it is put on too thick; or it may be that the pipe is a little,
g reasy; ever so little will do it. To take away the grease
rub the lead over with chalk before seiling, or rub the lead
with glass paper, emery cloth, or card wire. I like chalk
best. Some plumbers always warm the soil before using ;
I never do, as it drys up too much for me. It ghould be
about as thick as cream. [Also see, Soiling for Wiped
Joints.]

The Soil Pot.

This should be made of copper, to hold about one pint.
In London publicans find the plumbers’ soil pots at 2d.
each,

Soiling Soil Pipes, &c.

Rub the planed sides of the pipe with chalk to take away
all trace of grease; then, if for a copper bit seam, set the
compasses 1 in., or if for drawn pipe 2} in., and then run
a line on each side of the edges. Then rub some chalk on
the pipe to take away all traces of grease (notice, shect
lead is always to a certain extent greasy); then neatly soil

{or paint) from the edges to the lines, holding the tool with
the ﬁandle as low as possible (which will cut frue lines and
does not spoil the tool or make it bushy); after this take
the ordinary cistern or plumbers’ hammer (Buck keeps
them), Fig. 48, and with the peen or pane A run it between

Fr1c. 49.

F10. 48.

the edges. This cleans the insides and opens the edges, to
allow the gauge hook to work. The gauge hook is shown
at Fig. 49

Shaving, Remarks on, and Shavehooks.

Snavine LEap ror SorpErING.—This is simply cutting
a little shaving off the lead where required for soldering.
It leaves the place clean and bright, or untarnished. All
shave-hooks s%l)ould be kept nice and sharp ; they are best
sharpened with a good-sized saw file. l})n shaving, car
must be taken by the workman not to drag it over the lead,
or the work will look rivelled. You will find a certain
angle to hold the hook by practice only. As you shave.

you must ‘“‘touch” that part, which keeps it fro
F1e. 50.

tarnishing,

Fro. 62. Fia. 51.

Suave-Hooxs.—Figs. 50, 51, and 52 are the shave-hook
generally used. Two sizes of 50 are required, one fo
general use, and one for the knife part, which should not
exceed $in. total length from round or back part to the
point, for cisterns, sinks, and angle work [see Fig. 327].
The bent and spoon-hooks, Fig. 51, are handy to shave
in places where the straight-hook cannot work. Fig. 521§
a bent shave-hook for shaving in awkward places.

Sor-Prees, Suavine.—In shaving soil pipes, for copper-
bit soldering, take the gauge-hook, Fig. 49, and with the =
narrow end B shave the two sides of the pipe §in. wide,
and touch as you go on. If for drawing soil-pipe, use the =
hook at A $in. After this place the mandrel into the pipe,
and again true the edges.
the pipe is ready for soldering up.
Soldering Up.]

Resin Box.

The resin box, Fig. 53, is made of tin, &c., like an
ordinary tin pepper box, with a cone-shaped lid, inste
of a dredger, coming to a peint which has a }in. hole foi
the resin to come out. Of course the resin must be th
black resin, and should be very finely ground up. Se
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that the two ends of the soil-pipe are square one with the
other and come even together; otherwise the seam will be
lopsided and allon the twist. Having tacked it every 6 in.,
take a stick of fine solder, and a good-sized copper bit,
well hot, with good face [see ¢ Tinning the Bits’’], and

F1a. 63,
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lay some solder all up the seam or joint.
another iron go all down the seam (let the labourer hold
the two ends from opening). Again, making it as smooth as

Then with

silk. This can be only attained by practice. 1t makes the
arm ache if you stick to it. Sometimes it is soldered with
a copper bit running on two wheels.

¥F1a. b4.

Davies’ InprovED CopPER Brt [Fig. 51].—A very simple
way to make a carriage is to cut a long slot under the
body of the iron, as shown at A, Fig. 54, and with a
#in. wire to form an axle to join the two pennies together
to run the iron on. This is cheap, and works exceed-
ingly well if the slot A and the wire are true.

The preper size for copper bits suitable for soil pipe
work is about 53 1bs. ; nothing less than 4lbs. will do the
work of a 10ft. or 12ft. length of soil pipe—that is, to
float it properly. :

The above copper bit has a shield E, which protects
the handle C from burning; the copper is 1in. square
and 6in. long. This is a large iron, and only fit for
soil pipe work, or jobbing about on roofs when the heat
has to be got up from the bottom of a high house. [Also
see Figs 4 and 5 for copper bits.]

Resin.

Tue Pouxping UP oF REsiN For THE REsiN Box.—Black
resinis the best kind for the plumber’s use ; it should be
powdered up under the face of a large hammer, and on a
clean stone or sheet of iron.  This powder should be
thoroughly free from small grains or lumps, or it will stop
up the hole in the lid of the box, which, as before stated,
should not exceed one twelfth of an inch’ in diameter.
The resin is put on the seam of the soil pipe by turn-
ing up the box, and by tapping it on the bottom with
the handie of the shave hook, &c.

Tacking and Soldering up.

‘When soldering soil pipes with the copper bit, first
shave the work lin. on each side, then go down the seam
and tack it with tacks (small bits of solder every 8in. or
12in. apart) like buttons (but not too thick), so as to keep the
edges very close together. The labourer presses the lead
together while you use the iron. Keep the top edges of
the seam level and straight (without bumps). Now, having
the length tacked together, next sprinkle a little powdered
resin evenly down the seam, then get a nice face and heat
on your iron, and with a stick of fine solder go down the
seam and roughly solder it from top to bottom. This tins
the work, and puts the solder upon the seam. Take care
that the gseam is in no way bent, or the soldering will never
be true when finished. Having the solder thus roughly on
the seam, next sprinkle a Zittle more resin on, rewarm up
the iron, then (with a stick of solder in your hand in case it
may be required) place the iron on the seam, and, keeping

Fra. 55.

the handle of the iron at ome angle to the pipe, and one
equal pressure on the solder, begin at the top and come
steadily all down the 10 feet, letting the solder float after
the iron as smoothly, truly, and evenly as though it was
floated from a ladle. It should appear as at A, Fig. 55.

Preparing and Drawing Soil Pipe or Funnel.

This pipe is prepared in a similar manner to that
described in the last chapter, excepting the soiling, which
should be 2}in. each side the seam, and the shaving done

D 2
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wider, at least }in. wide—}in. each side of the seam and
with the wide part, A, of the guage hook, Fig.49. I shave
generally 3in. on each side.” Touch’ it, then take a
red-hot iron, Fig. 2, and a strap of elean-shaved lead (6 or
7lbs.) 6in. by 3in., well ‘‘touched’’; then let the labourer
hold the pipe together, and a ‘‘felt’’ doubled up to 4 or 5
thicknesses (a picce of old carpet, 9in. or 10in. square) just
inside the pipe and under the seam. Next, with the red-
hot iron, melt a little of the strap lead on the end of the
seam, and burn the lot together, whieh keeps the ends from
opening when the joint is being soldered. There are other
methods of burning the lead together, such as with a copper
bit, &e. Of course I speak of doing so with the iron as
being handy at the time. So far prepared, take the metal
pot, Fig. 3, containing 1} parts of lead and 1 of tin, but
after a lot of practice, the ordinary plumbers’ solder will be
fine enough to use, and with the ladle, Fig. 1, pour a little
solder aeross the pipe, to form “ tacks’ at every 8in., not
leaving more metal on than is necessary for the work. Of
eourse you must put more on than required, for the purpose
of tinning the lead ; but this is knoeked off with the thumb
or fingers before it sets, and whilst the labourer is holding
the pipe together. This done, eomes the most important
bit, ¢ drawing,”’ whichis, however, easily done after a lo¢
of practice. In the first place, you want a good sponge,
about & handful, and a “swab” pot (a pot to hold two or
three pints of water—a eopper pan will answer very well) ;
or instead of a sponge a cone-pointed pot the shape of the
resin box will answer the purpose. It must be made with
an air-hole on top, which, when eovered with the forefinger,
forms a valve; the hole in the bottom should be only large
enough to admit a stream of water 1-16in. in thickness to
run upon the joint whieh is governed by the air-hole on
top. This swab can is filled by dipping its lower end into
a pail of water. Next a ¢ knoeking-off stick,”’ whieh is a
piece of lath eut to a point, to push off the little bits of
solder which may hang to the side of the seam ; next, and
most important, a good ‘* swobber,’” or, as it is called in
the West of England, ‘‘swabber’ (a labourer up to
the work),

The labourer must be very attentive and quick; not to
bustle about, but to be ready at the proper moment. His duty
is, when the pipe is being drawn, to form a erow quill size
stream of water from his sponge, which must be done at inter-
vals of time, and about every 3in. apart, to keep the seam
from opening, and with the knocking-off stiek to knock away
any little bits of solder that may eling to the seam. The
swabbing is effected with the sponge or swab ean. Suppose
the solder to be on the seam, 9in. finished; then at every 3in.
to Hin. squeeze alittle streain of water across the solder. This
cools it and keeps it from opening or running through.
The labourer should not get too close to the plumber, but
pay particular attention, as it very mueh dependsupon him
how the seam will look. It should appear like so many
shillings or spots all the way through the seam. If the
labourer does his work well the pipe will look neat; if
badly, the solder will be running through and pockmarked.

Now for the plumber, who should be firm and econfident.
Take the large ladle in the right hand, the iron [4lb., Fig.
2] in the left: have the pot in the middle of the bench, with
a tidy heat, and three-parts full. (Let the endsof the pipe
be fixed down, so that they eannot rise.) Take a ladleful,
and with a good swing pour the solder on the top (end)
part of the seam, and a little on the soiling to get the heat
up, having it floating for about 9in. to 12in.; take the iron
and draw it on each side of the seam (henee the name of
drawing), so as to canse the solder in the eentre of the seam
to thoroughly float for about 9in. to 12in. in length, and
the metal on the sides of the seam will flow away off the
seam, known as the surplus metal, the surplus running off
the pipe and leaving the seam floated. The labourer then
begius to swab, which is to prevent the pipe from opening

up ; remember you must not wait for him. I repeat this,
knowing its value, which cannot be too well learnt. You
keep to your work, pouring on fresh solder and drawing
away, until you get through the length. Good! That is
number one, and looks first-rate. Piek up the metal and
do another.

If a ““teat” (a bit of solder) should run through, take a
red-hot iron with the handle straightened out, and burn
it off. [It is a common saying in the workshop if a *‘teat?’
runs through, ¢ Oh! there will be a branch put in just
there.”i[‘ I need not say this is bad work, and must not be
left. [For burnt-up soil pipe, see Lead-burning.]

Stacking Soil and other Pipes.

Soil and other pipes should be properly stacked away.
One of the best methods is shown at Fig. 56 ; it is simply 2
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shelf having F nailed on the front ; by stacking the pipes
earefully away, you often save yourself the trouble of
driving.

Driving Soil Pipes to Clear Dents.

This is done by driving a short length of mandrel, known
as a *“ drift,”’ through the pipes, to take out the dents or
bruises. For this purpose a pieee of fin. gas pipe, or a
piece of ridge-roll, is frequently used as a kind of rammer
to drive the drift through the pipe.

The drift, or mandrel, should be made of deal, and be
1-16in, smaller than the soil pipe, and be made with a little
tapering, having the end rounded. The mandrel will be
all the better if a little ¢ touch *’ be rubbed over its surface =
before it is driven through, but be sure and keep it free
from grit and dirt. If the pipe be very much indented, it
is best to send a small mandrel through first, so as to raise
the dents gradually, and finish with a good fitting drift.
In this manner you can bring up your soil pipe quite round,
even though it has been knocked or bent about to the
extent of flatness.
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Trumpet-Mouth Wastes.
[Also see Over- flow Waste Pipes.]

Trumpet mouth wastes are made by cutting the sheet lead
tapering as at A F H, Fig §7, say, the small end to be for
aninch pipe, then the large end should be three times that
size, viz., three inches across the top; the top end
should be cut off square to the desired length, which
is done as follows: Having your lead cut tapering,
continue the side lines until they meet at a point, as at A;
then from this point with your compasses (or with a lath
and two nails, or bradawls) strike a circle or arc, H, K, F,
on the top lines, which will give you the exact shape
for the lead to be cut at the mouth, so that it may stand
perfectly upright; this lead will appear rounded at the
mouth before it is turned up. You shave, soil, and solder
as though you were making soil-pipe, after which you turn
a bead on the mouth end to stiffen the same, The bead is
turned by simply knocking the edge of the lead outwards,
which may be done with a small dresser, mallet, &e. More

upon this subject will be said in our Inside Plumbing
‘Work, which see.

LEAD BURNING.

Introduction.

In directing the attention of my readers to this subject,
I am at once introducing them to one of the most interest-
ing and useful branches of the plumbing trade, without a
practical knowledge of which no plumber should consider
himself entitled to be ranked as a first-class workman, I
consider that it is the best class work when properl{ done,
because the joints, so to speak, are coalescent. It is a
common impression amongst many in the trade, that lead-
burning is quite a new art; this, however, is an error, as
it is considerably older than is generally supposed. This
invention, indeed, like many others, has been doomed to
share the usual fate, and has many claimants for its
originality, the common idea being that it was invented by
Count de Richmont, of France, who, it is reported,
instructed one Luke Herbert (a patent agent of the time)
to patent the system in England, the patent bearing the
date of 1838, though statistics prove that the method was
much practised in England far anterior to that date. This
only goes to prove that we cannot depend upon dates in
the case of many most useful inventions connected with
the plumbing trade—for example, ventilation, traps, &c.
It is often extremely difficult to arrive at the real origin of
many inventions. We read, for instance, of such things
23 reaping machines being used on the plains of Rhoetia,
A.D. 70, or 1814 years ago, and a$ least 1600 years anterior
to the date of our first patents.

Now, since this art of lead-burning was known, as we
are aware, at least forty years ago, and much talked about,
why is it, we may reasonably ask, that this valuable inven-
tlon is so little known, and only practised by a very few of
the leading members of the trade? The answer is, that
the machine, as also. the bellows necessary for the work,
has not been perfected till within this last year or so, and
further, sound instruction, in connection with experiments,
theoretical and practical, is much wanted from the hands
of the practical workman ; for it is folly to expeet sound
and practical instruction from the hands of an unskilled
teacher. Such there are to be found in London, professing
to give instructions in this art, and who, in reality, know
‘10 more about lead-burning than the students themselves—

in fact, explosions appear to be their forte. These book-
plumbers are also to be found scribbling away, professing
in this manner also to teach the whole of the science and
art of lead-burning. The teachings of these men only
tend to impede progress. They follow in the old rut,
which requires new metal to pave the way. They tell a
tale about the old square-box machine, and recommend
zine cuttings. I may here remark that there is more
difference between this and the modern machine than there
is between an old-fashioned brick barrel and a good glazed
pipe-drain. The old square machine is clumsy, and totally
unfit for general work about a building; whilst the modcrn
one is handy, good working, and not unsightly. Then
again, there is another reason. We have not many good
plumbers proficient in the art of lead-burning who are
willing to work in the building trade, no matter how large
the firm may be. The few that can burn, as a rule, arc
chemical works men, and they are, generally speaking, of
so selfish a turn of mind that if alad or stranger asks
their advice respecting the art, they are unwilling to give
any information—I suppose for the simple reason that they
think, if a direct and intelligent answer be given, that the
knowledge will henceforth and for ever be imported from
them, and that this is all they will ever be able to learn.
Such men generally consider themselves very clever, but
their conceit is a hundred-fold greater than their ability,
and they should disappear from the company of their
co-workers, for they can do better without them. This
greediness or unwillingness to impart knowledge is one of
the greatest mistakes in the world, and altogether a wrong
feeling, based upon a wrong principle, which I will endea-
vour to overthrow, for experience teaches me that the more
a man knows, the more he can learn, and the more willing
he is to impart that knowledge, by the very imparting of
which he improves himself, thercby becoming more valuable
to himself, to society, and to the world at large.

Lead-burning by the zrohydric blow-pipe is aeccom-
plished by burning a mixture of atmospheric air and
hydrogen gas, producing a very vivid and intense flame,
and which after much practice is as manageable as the
pen now in my hands.
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The principal use of this method is for joining the edges
of lead together without the use of solder, and 1s done by
melting the edges to be joined in such a manner that they
will run or flow together, or if there should be an inter-
mediate space, some of the same kind of metal must be
melted in with the outer edges, so as to flow and form one
solid substance. This being the case, an article burned
together in this way must be homogeneous, and con-
sequently, the various parts will all withstand one and the
same chemical action and heat, and, therefore, before they
can be either joined or separated must all melt or be other-
wise destroyed. Another advantage is that all parts expand
or contract equally, and that chemicals act on such work
uniformly. The serohydric blow-pipe is only a modifica-
tion of the oxy-hydrogen blow-pipe, invented by Dr. Hair,
of Philadelphia.

Lead-burning does not require so intense a heat as that
obtained from the working of the oxy-hydrogen blow-pipe.
It may be interesting to know that with this machine,
platinum (the hardest metal known to melt), will instantly
tlow under the action of this blow-pipe, it having a heat
of no less than 3,992 degrees Fahr., or 3,370 degrees above
the melting point of lead. Some further idea may be formed
of the intensity of the heat acquired, when it is explained
that china ware may be fused into erystals, or carbonate of
magnesia melted up before the flame of this lamp.

The Lead Burning Machine (Description of).

The areo-hydrogen blow pipe, or machine, or generating
chamber, is made to work something after the manner of
Hero’s fountain, which brief description will suffice until
its construction is practically explained. [See Fig 58,
which illustrates this machine at work.] A is the top or
acid chamber, M the bottom or generating chamber. P the
dip communication pipe, which dips into the acid water, as

shown at K R. The action is as follows:—Suppose Z to be
a picce of zine, say 6in. long, 3in. wide, and lin. thick.
Let A be some strong acid water, say five of water and one
of the strongest sulphuric acid, which is sufficiently strong
to sharply attack the zine. Now, as soon as the acid
acts upon the zine, hydrogen gas is generated, and rises in

small bubbles upon the face of the acid, and creates
pressure, which, if not relieved through the pipes 2 or N,
or otherwise, will, by its pressure press or, so to speak,
blow the acid water back up the pipe P, and will continue
to do so until the whole of the acid water is forced from
the chamber M into the top chamber A ; but should this
pressure of gas be relieved or released from the chamber M,
then the acid water by its gravity will again run down the
pipe P, and again will be allowed to attack the zinc Z, when
more gas will be generated, and in quantity according to
the strength of the acid and the amount of zinc surface.

Lead Burning Machine (Construction of).

The lead-burning machine is best constructed as follows:
With a suitable sized piece of lead whose thickness may
vary according to circumstances; for stock or shop machines
6lb. or 7lb, lead should be used, but for portable machines
41b. or 6lb. will answer. Having determined upon the
substance of the lead, we will suppose it to be a 9in.
machine [asshown at Fig. 59]; these pieces of lead forming
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the sides will then be about 3ft. by 1ft. 6in., 3in. being
taken up to form the beads J L, and 2in, for lap at K,
leaving the machine to stand 2ft. 7in. high; plane up the
edges, and square the top and bottom ; next turn the lead
upon a mandrel, not necessarily the size of the machinc,
and get the seam burnt up. Here the first difficulty presents
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itself, and one that has kept hundreds of men out of the
lead-burning branch of the trade.

To get over this difficulty, and for a trial machine, instead
of burning up the joint, solder it with as coarse a solder
as you can use, for it is the tin in the solder that the acid
eats away, hence the reason for using coarse solder (this
will last you a month or so to practice with until you can
burn one up properly) ; next turn the bottom bead J, and
if you do not intend to case the machine, turn the top bead.
Having got so far, cut three pieces of 5lb. or 6lb. lead for
the bottom, middle, and top, which must be large enough
for the turn-up of edge or flange ; then burn the pipe P, with

the bottom end cut as shewn at U in ACID PIPE [Fig.
66] and the pipe I to the middle partition, and fix and burn
in this partition as shown in the diagram to the top purt
of the bottom chamber of the machine. Great care should
be taken in making the joints perfectly watertight, for you
cannot do anything to them after the machine is put
together ; next shave or clean the inside and outside parts
to be burned together, and slip the top chamber into the
bottom chamber, say 2in., and let it fit quite tight; then burn
it together, as directed and shown at Fig. 89, and at L 90,

and at Fig. 92, and at Side or Horizontal Burning. Now
form the bottom, with the well W and grating Z, to be fixed
as shown in the diagram. From the top of the grating to the
bottom of the acid pipe should be 7in., the grating to have
a quantity of #in. holes. The use of this grating [a plan
of which is shown at 7, 8, 9, Fig. 60], is that the zinc may
rest upon it, so that all the acid may drain into the well of
the machine, and also to keep the zino perfectly d.g when
not generating gas. This is very important. Caution:

Care must be taken to fix the grating or strainer in such a
manner that the small parts of the zinc cannot get through
and into the well, otherwise the zinc would be continually
acted upon by the acid, and the machine would constantly

generate gas when not required, and will be throwing it up
the pipe P R in bubbles at intervals, which will escape into

the air, perhaps endangering confined places. This escaping
gas of course means a waste of acid and zinc; the same
thing will happen should the zinc have very rough surfaces,

because the acid hangs to the zinc. If the holes in the
strainor be too small, the machine will work irregularly,

and cause the gas to jump, by reason of the oxide of zine
closing them up ; the same effect will be produced should
the oxide get into the well in large quantities to stop up
the acid pipe. Now fix the top H, by cutting a hole for
the pipe I, and a 1}in. hole for the pouring in of the acid
and water; burn it to the top edge of the machine, as
shown. This top, should the machine throw up, prevents
the acid from flying about, especially if you cover the hole
B with aloose piece of sheet lead two or three inches round,
with handle or lead ring to lift it by. Next fix a 1}in. or
2in. piece of lead pipe into the side of the well, as shown
at Q; this serves to empty the machine, and to drain off the
oxide of zinc, &e. A 14in. or 2in. screwed plug will be
best fixed on the end of the emptying pipe for closing.
Copper or lead is the best material; but for such plugs a
2in. boss and an iron plug may be used; but this plug if

made of iron often requires renewing, so that a lead one
will be the best. Now fix as shown at C T, a 4in., 5in., or
6in. cap and screw; the latter size is best, because it admits
of large pieces of zinc being gut into the machine. This
cap and screw may be soldered on, as the acid is not sup-
posed to come into contact with it, though, if you can keep
the brass work covered with lead [as shown in Fig. 58], it
will be all the better for the extra trouble. Then fix a Zin.
good gas cock on the pipe I, as shown at 2, but at least
four inches above the top of the machine, out of the way
of the acid. Next get a 1}in. block cut to fit in the bottom,
to support it. The centre of the middle partition may be
partly supported by the acid pipe resting upon the bottom of
the well, but care must be taken in cutting this pipe, so
that the end be not stopped up by resting on the bottom,
otherwise it will hinder the acid water passing from one
chamber to another. The bottom of the acid pipe may be
cut as shown at T U, Fig. 66. If the machine is to havea
casing K (a thing I recommend), use copper, and keep it
well blacked over with Japan black. This casing answers
two purposes: it prevents the lead from being damaged,
and causes the machine, by keeping the heat in, to work
better. The joints or seams of the casing may be soldered

up.

The Old Square-Box Machine.

There are many other methods of making the machine,
but the principle remains the same in all. Fig. 61 is
different to the former machine. In this diagram, it will
be noticed that the cap C is on the top, and the well W at
the side, and continued along the bottom. The zinc is put
upon the bottom as at Z.

Fra. 6l..

In this machine there is another, or third, chamber J,
called the safety chamber, also called Gurney’s arrange-
ment, and is especially suitable for the oxy-hydrogen
blow pipe. It is nothing but a large tube—say 4in.—
having within it the gas pipe R J, %sig. 61, first taken
up to the top as shown, and bent over for the end to dip
into not more than lin. of water. In.this way the gas
passes up the gas pipe and through the thin layer of water
into the tap, and out of the small pipe N into the india-
rubber tubing, and 8o to the burner (called a blow-pipe).
This prevents the possibility of fire getting into the gas
generator from the burner, etc. But with this arrange-
ment the gas comes off with more water, which gets into
the tube, and is an awful nuisance when at work. When
such is the case, take the lot of tubing and hang it end
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upwards to drain out, which may take hours to accom-
plish; of course you can get it out guicker by blowing
down the pipe when suspended end upwards.

CavrioN :—When you can, always blow out the flame as
soon as the burning is done, and turn off the gas after-
wards. Unless this precaution is taken the machine, if
exhausted of generating power or crystallized, is apt to
«“draw back ” (viz., on cooling, a partial vacuum is formed)
the gas, air, and light with it, even through very long
lengths of pipes, and consequently explode, not only
destroying the machine, but life. It is also necessary to
turn off the wind tap, for the gas has a s~eaking desire to
even explode them, particularly when in the hands of the
unskilled.

The Machine Siphon.

The Machine Siphon, Fig. 62, is
nothing more than a common gas
siphon made for the purpose of catch-
ing the water partially given off by
the steam from the acid, water, etc.,
within the machine. The inlet pipe A
is best taken down into the bottle part
B; the gas exit pipe is marked D. For
my part, I prefer to make C with a
piece of lin. pipe, about 5in. long. A
and D are both Llin. gas pipe soldered
on to B; the rubber pipes are slipped
over the ends, and of course securely
fixed. Fisa strup of 6lb. sheet lead
bent to form a hook to hang over the
rim L of the machine, Fig. 59, and
as shown at Q, etc., Fig. 68.

taking about, its weight being about 101bs. The barrel of
the plunger is protected by being placed inside the body
of the blower ; its construction is similar to that shown at
B, Fig. 63. A child can work it for hours together, and
being governed by a water column and small plunger gives
one of the steadiest flames I ever handled. N.B.—This
bellows is also very handy for blowing foul air out of deep
wells, &c.

Bellows for the Blow-pipe in Lead-burning,

The bellows is of the greatest importance in some kinds
of lead-burning; for heavy work such as from 1 inch
plate to say 181bs. lead, almost anything may answer
provided you can get the desired pressure, but when you
come to 2, 3, 4, or 5lbs. sheet lead you require the flame
quiet and not dancing and popping up and down like a
will o’ the wisp. For this reason I have introduced the
new figures B, D, Fig. 63, D being worked by a bellows
and B with a plunger, or both plunger and bellows may be
at times worked with advantage. The plunger and water
column bellows is the simplest and best kind of hand-worked
bellows known, and is made as follows: N, O, are two
zinc, copper, or lead cylindrical vessels, say 9 in. round
and 18 in. high, one fixed above the other, the bottom one
being enclosed. Through thc top of the bottom vessel is
fixed a lin. or 1}in. copper, zine, or lead pipe. On the top
at R is fixed the bellows, having inlet and outlet clocks
R, U, with a lever or handle, which may be worked by
hand, foot, or otherwise. The action is as follows :—Turn
off the wind-cock (see small cock on top of B, Fig. 63, or
N, Fig. 68,and_about three parts fill the top cylinder with
clean water, and as long as the cock is shut the water will
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Machine Lagged.

At A, Fig. 63, can be seen an improved lead burning
machine and blower; the machine is lagged with ash
and well protected, the additional expense is but small,
and it is just the machino for knocking about the country.
The blower shown in Fig. 63 is also very good for

A
not run down the pipe W into the lower cylinder; turn on
the cock and it will thus, forcing all the air out of the
bottom cylinder, work the handle and force more air into
the bottom, this will force the water back up the pipe W,

and so long as you work so will the blower. Some burners
like the water to be always on the bubble, which is best
unless you can depend upon the warterin the cylinder being
kept at one level, or the wind at equal pressure,
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Lantern Bellows.

This is another kind of bellows, which is very handy for
jobbing about, and may be made round, something like the
bellows of a concertina, fixed in an upright round box,
usually about 8in. high and 8in. or 10in. in diameter; it
may be worked by a pedal, or by a plumber’s counsellor
(labourer or boy(g seated upon the top of the bellows, with
a lever in hand. The top board of the bellows is best
worked with a bedstead spring, or a dead weight may be
used ; but this latter, being heavy carriage, is somewhat
objectionable.

Foot Bellows (Double Action).

Fig. 64 shows the foot bellows, the bottom being worked
up with a spring S. It is very handy for odd and out-door
work, and is made as follows: The three pieces of board
forming top, middle, and bottom, are connected with
leather closely nailed, as shown by the dots in the ends of
the boards. The valve is fixed near E, opening inwards;
there is also a valve in the middle board opening downwards ;
between the top and middle board is fixed a spiral spring to
keep these two boards expanded; there is also another
spring, as at S, to push up the bottom board, which tends
to keep it closed. The bellows thus formed is now by the
middle board fixed to the four posts as shown at P, and a
wind-pipe H, fixed to the bottom part of the bellows as

shown, or this pipe may be fixed near P, which will be
handier than if f{)xed where shown. Its action isas follows:
By depressing the top board, the air from within is pressed
through the valve in the middle board, and thus the
bottom board opens, when the spring tends to press the
air out again throngh the wind-pipe H. By allowing the
top board to rise, the valve in the top opens and allows
fresh air to enter, which may be pressed out again, and
so on. The bottom board is here shown to be worked
up with a spring, but if a little weight and lever is fixed
on the underside of the board near the pipe H, the bellows
will work more regularly, because the spring when com-
pressed gives a greater pressure at one time than another,
which interferes with the wind when regulated to one
pressure.

Foot Bellows (Single Action).

Fig. 65 is a single foot bellows, but shown in conjunction
with a regulator R, which may be a simple piece of thin
leather nailed across the top to form a diaphragm, and which
may be weighted to suit any pressure of wind, or this may
be in the shape of a blown bladder weighted down in such
2 manner that one uniform pressure can be obtained. Of

course these bellows may be worked in conjunction with O,
Fig. 63, or A, Fig. 66.

P. J. Davies’ Bellows.

The bellows illustrated at Fig. 66 is of an improved form,
and by far the best yet invented, and is made as follows,
the scale being 1iin. The frame A T U 2 is an oblong
wooden box about 1ft.9in. or 2ft. long, height about 9in.
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and width about 9in. or 10in. The half end B is fixed to
answer as a stop for the treadle, which prevents the bellows
spring being injured by excessive pressure from the foot;
the box has also the partition C for the support of the side
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lead of the cistern. U N is the top board, having a 4in.
hole for the wind-chamber S. The top and bottom parts,
or boards, of the bellows B are made with 11in. mahogany;
the diameter should be about lin. less than the width of
the box, that is, if the box is 9in., the top should be 8in.
Round the inside of these boards should be turned the
groove A [sce plan], to receive the ends of a spiral spring,
such as is used for sofas or easy chairs; this spring must
in size equal nearly that of the boards, and stand, when
not compressed, about 15in. high. In the bottom board
the aperture C is made for the inlet valve and pipe,
and the aperture B for the outlet pipe. We now come to
the inlet valve. This is simply a $in. ground-in skor¢ spindle
valve, which must be of such make that the weight of the
valve will not interfere with the passage of the air, for if
too heavy the air will flow with the bellows sluggishly.
This valve if a ground-in valve must have the sides with a
good taper—in fact, they should be as flat as they can be
made ; otherwise the valve will work itself tight and will
jamb itself, thereby causing the bellows to jump and work
roughly. The spindle of the valve should have plenty of
play through the bridgeway of the valve. This valve
should be soldered on to a piece of fin. pipe properly
flanged for bedding with white-lead to the board ; the flange
should be cut large cnough to admit of both the inlet valve
pipe and the outlet valve pipe being soldered to it. Then
the whole can be bedded and nailed down on the board
together. Having got so far, next fix with wire or other-
wise the sofa spring to the bottom board, and over the valve
and outlet pipe; also fix the spring to the top board; this
will have the appearance of a concertina frame without
the leather. Now provide the leather casing. The best
material for this purpose is sheepskin of a medium
thickness; this must be properly sewn together, and perfectly
windtight; the length required is about 7}in. or 8in. Next
insert a cane hoop in the middle, to keep the sides distended
while drawing in the wind ; then with 4in. tin-tacks and an
extra band of leather about fin. wide, nail the leather to
the bellows boards. Now, with two screws of suitable
length, fasten the bottom of the board to the bottom board
of the box, seeing that the screws do not press through the
bottom board of the bellows; fix the outlet pipe as shown
at W, ready for connecting by a blown or copper-bit joint,
and bend the inlet pipe up the side of the frame as shown
atF, Fig. 68. Next line the close cistern H R, Fig. 66,
having a piece of %in. lead pipe, P, soldered in the bottom,
and long enough to reach to the top of wind-chamber as at
V{ and to bend round the bottom, so as to meet the outlet

pipe A from bellows as shown at W. Having the cistern

1made, and top and bottom soldered on, fix the }in. spindle
valve V on the pipe P, and to a suitable height, say 10in.,
above box; next fix the 1lin. water column or dip
pipe G to the top of the box, steady it with a flange joint
at Y, let the pipe go to the bottom of the box, but with the
end cut to the shape as shown at U at the bottom of the
ACID PIPE; this will allow a free passage for the water
when the bellows is at work. Next bore two lin. holes
in the top of the cistern near the soldered pipes, to allow
the free passage of the wind from the bellows to press
upon the top of the water in the cistern (to be explained
turther on). The wind-chamber S is made with a
piece of 5in. soil pipe of suitable length, say about 12in.,
by first soldering a piece 2in. long to the top of the lead
cistern ; then fix the top board N and taft down the end of
the short piece of 4im. lead pipe over the top board, and
rolder the 4in. wind-chamber to this; this flange will keep
up the top of the lead box. Next turn or flange over the
top of the wind-chamber as shown at M to receive the
middle partition, and the pipe V P, to the inside as shown at
S, then cut a piece of the sheet-lead V for the partition,
ard to this solder the top-end of the watercolumn pipe G,
as shown in diagram. Prepare the fuunel L J, and solder

it together, with the middle partition to the wind chamber
as shown; fix a in. gas-cock as at K, to the top of the
wind-chamber; after this fix the treadle E by putting a
10in. $in. or other bolt of a suitable length through the
end, and through the two sides of the frame, as shown at C;
then with two stout screws fasten the top of the bellows to
the treadle, and in such a manner that the bellows will work
nearly upright; make the joint at W, and the bellows will
be completed. Turn off the wind-cock K and fill the bellows.
with water to about half-way up the funnel J; then open
the wind-cock and let the water run down, and the bellows
is ready for use. Notice that, if you get too much water, it
will rise above the valve V, and most likely will by degrees
work its way into the bellows, thereby softening the leather,
and causing it to work very flabby and badly. For the
same reason the bellows must not be left exposed to the
rain, etc.

In theory the construction of the bellows is as follows : —
Suppose the wind cock K to be open, then by water being-
put into the funnel L J, Fig 66, it will run down the water
column pipe G and into the box H P, so that by closing the
wind cock K no water could get through the pipe G (because:
there would be no escape for the airheld within the box H P);
but now suppose the wind-cock K to be shut off, and the
box full of water, and an additional quantity of wind
pumped in through the valve V, as the bellows is worked
80 will the wind within the box become compressed, and
will press upon the surface of the water at R with sufficient
force to cause it to flow back up the pipe G, until all is
forced out, when, if the bellows be kept at work, the air
will bubble up through the water (exactly as the machine
would when throwing up); now open the cock K, and
there is an exit for the air, when the water will flow back
in proportion to the amount of wind allowed to pass
through the wind-cock.

This is onc of the best experiments to illustrate the
manner in which water is forced up the suction pipe of a
common pump by atmospheric pressure; also it is useful
in explaining the principle of siphonic action.

The Tubing.

This is made of pure india rubber ; the general size is §in.
It should be thick enough to prevent kinking or flattening
when being pulled about; wired pipe is of no use for this
purpose, as it will not last, owing to the acid which is con-
stantly given off from the machine (}in. piping will be:
better than {in. for long lengths, or where there is much
fear of the gas condensing, and soforming water.) You
will require three lengths of this pipe according to your work.
one piece for the hand pipe [see HAND PIPE, Fig 68],
generally about 5ft. or 6ft. long. Thisis to connect the tube
and nipple to the breaching pipe piece Z, and cocks shown at
B,V, Z, D, Fig 68. You will also want a piece for the wind
pipe I W N, to connect the bellows with the cocks, and
another piece for connecting the cocks D, K, with the machine,
or machine siphon, P Q, Fig. 68. You will also want a piece
about a foot long, as shown at R, for connecting the siphon
Q [also shown with enlarged view at Fig. 62] with the gas
machine. Fig. 67 shows an enlarged view of the breeching
cocks. This is simply three cocks on one bent brass tube as
at I J K. FEis the gas tube leading from the machine, H
the wind tube leading from the bellows, C the tube leading
to the hand pipe burner, I being the wind cock, which must
be regulated to suit the work, K the regulating cock for
the gas, and J the turning off cock. After the wind and
gas cocks are once regulated to the work, they need not be
touched for some time, or until circumstances require it.
The use of this breeching is to connect the two gases, i. e.,
the hydrogen from the machine, and the atmospheric air
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from the bellows. At this point the two gases meet and
travel on through the single pipe V [see Fig 68], thence to the
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burner, and J, Fig 67, shuts it off, s0 avoiding running
backwards and forwards to STOP COCK on the machine
[see Fig 68].

Quality and Quantity of Gas.

The mixture or quantity of each gas required, suitable for
lead burning, is two parts of hydrogen to one of atmo-
spheric air. This produces perfect combustion, and when
working in these proportions there will be scen just in
front of your work when burning on cold lead a little water,
and which is being constantly formed by the two gases.

Two parts of hydrogen to one part of atmospheric air
answer every purpose of the plumber, but for the oxy-
hydrogen blow pipe two volumes of hydrogen and one
volume of oxygen is required, the difference being for the
two different blow pipes that in the aero-hydrogen blow
pipe the air is diluted with, at least, from three to four
times its bulk of nitrogen, which reduces the strength of
the blast to the required heat for lead burning. But the
combination of pure hydrogen and oxygen in the proportion
of 2 and 1 will give a heat at least six times as powerful,
suitable for melting such metals as gold, silver, copper,
brass, aluminium, zine, or iron.

The Behaviour of the Machine.

Sometimes, after the machine has worked excellently for
some considerable time and then allowed to get cold, stand-
ing, say, during dinner time, when you return to work the
gas will all of a sudden sink down and there remain. You
turn off the cocks and in, say, five minutes it will be up
again; you, thinking it is now all right will try again, when
down it will go, and 8o on for five or ten minutes, when all at
onge it will set to work beautifully. This is after the acid
has again got warm. . Sometimes you may be surprised to
find that the machine will not work, although the acid is

Avﬂ%iﬁh plenty of surface.

or it may be that the pipe is bunged up with sulphate of
zinc. Sometimes the machine, quite independently of any
of the above causes, cannot be got to work, and you will
be inclined to put a lot more fresh acid in, but to your
surprise this will not alter its condition. Then you may
fancy the zinc is not right; this may be the case. Perhaps
it is coated with sulphate of zinc, which should be washed
off, or the zinc may be found all right. If so, try more
water and the chances are that the machine will work
well.

Machines too Small.

If the machine is too small for the amount of work, use
larger proportion of acid and keep the zinc clean and
This will ultimately prove much
against you, as, if it be cold weather, the machine will
soon be crystallized or clogged up with sulphate of zine,
the reason being that more zinc has been dissolved than
the water will hold in solution, so that small machines
must work hard and hot, and, therefore, are more subject
to crystallization than the large ones. As to whether or
not the machine is being worked hard, you can be guided
by the heat given off. Of course, more hydrogen can be
obtained from the acid if the machine is worked ¢¢/ot,”’
though the disadvantage attached to working the machine
hot is that on it cooling down to 70¢ F., the crystals form
very quickly [see ¢ Cleaning out the Machine,” ¢ Crystal-
lized Machines,’’ * Clearing Crystalsoutof Machine,” &e.].

Blowing up the Machine and Cleaning out.

Sometimes the machine will not work because the zine
has become coated. In such cases, and to prevent this,
‘“blow up the machine” at night or when you leave off
work. This is done in the following manner : —When the
acidis inthetop chamber [ A Fig. 58and Fig.59], with a well-
fitting wooden plug [see PLUG, Fig. 59] stop upthe pipe P,
which will keep the acid up; then take the cleansing plug
out of the pipe X X, and let the little acid run out, take-
oft the large cap and throw in some hot water, which will
wash out the sulphate of zinc, &c., and leave it ready for-
the next job. For small machines this should be done
every night. I may here state that I have a small and
favourite machine which will run on for a matter of three-
hours without attention, the size of which is 2ft. by 6in.
round. I state this on account of the extraordinary time
that it will run, without attention, for so small a machine.

The Theory of the Machine, and Charging the
same.

I have, when writing upon the Fig. 58, briefly referred
to the action of the machine, and will now give a fuller
description. For this, again refer to Fig. 59. First shut
the gas cock 2, take off the cap C and place npon the
strainer Z some lumps of zinc as large as can be put in
through the cap C; next screw on the cap C, and see that
the cap X X is screwed up. Now place sufficient water
into the top part of the machine as will fill it up to about
A; saythis is 5 pints,or 5 gallons; if 5 pints take one pint
of the strongest sulphuric acid, and put this into the water;
then openthe gas cock 2; the acid water will then run down
into the bottom of the machine, and attack the zine. The
zine takes the oxygen from the water and releases the
hydrogen, which rises in small bubbles through the water;
now close the cock 2, and with this action going on, the
bubbles soon fill the space M with hydrogen gas, as shown
at the curved lines in the bottom part of the machine Fig.
58, and gas pressure is generated, and, as in the bellows as.
before explained, forces the water back up the pipe R P,
and into the top compartment, until the acid water is all

up. This is due to the fact that the bottom of the machine
is the coldest, and the acid pipe has become crystallized up,

removed from the surface of the zine, when the action is.
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discontinued; open the cock 2, the pressure is at once
relieved, and the acid runs down again, attacks the zinc.
and generates more gas. The chemical process of the
work—perhaps I had betterexplain it—is as follows :—The
zinc takes oxygen from the water and forms oxide of zinc,
which, though insoluble in water, is quickly dissolved by
the acid, forming a salt called sulphate of zine, whilst
hydrogen passes off in a gaseous state. This change that
occurs may be explained in the following equation :—H2
SO4+Zn=2n + SO4 H2.

One ounce of Zinc is sufficient to liberate from acid water
about 2} compressed or machine gals. of gas, which, when
pure, is the lightest of all known substances, being fourteen
times lighter than common air and sixteen times lighter
“han oxygen. .

In handling this gas be cautious, as it is very inflam-
mable and extremely dangerous; if it explodes, it. will
probably produce deafness, if nothing worse. It is a
colonrless, transparent, tasteless and inodorous gas.
Though it cannot support life it is not poisonous; but, if
taken in large quantities into the lungs, it displaces so
much air that the result would be insensibility ; the voice
would become squeaky and occasionally unheard. These
eontingencies have to be guarded against.

The Heat given off by Small Machines.

If the machine is a small one, it has now become heated,
and should now be kept at work, for if it be left to cool
down, the chances are that you will require a fresh
-quantity of acid.

Clearing the Crystals out of the Machine.

The machine while working should be kept warm, and
never allowed to get below 70° F.; otherwise, if it has been
worked hard, and the exhausted liquor allowed to stand, it
will soon become crystallized, when it would require a pail

the acid from the machine, take the rubber off the gas-tap,
at R, Fig. 68, and with your mouth, blow up all the acid
water into the top chamber, but be careful not to blow too
strong, for this would cause the acid to bubble up, the
splashes of which would, in all probability, come in contact
with your face. N.B.—To prevent this it will be quite as
well to place a small piece of lead over the hole H, which
will also keep foreign matters from getting into the top
chamber. Of course you would only apply your mouth
under extreme circumstances, and when the gas cannot be
got up otherwise; with a little judgment it can be blown
up with the bellows. When the acid is all up, take the
plug 4, 6, Fig. 59, also WOOD PLUG, Fig. 68, and plug the
end of acid pipe P; this will prevent the return of the acid;
next, as quick as possible, open the gas eock 2, Fig. 59, to prevent
the machine being strained with pressure from the generation of
gas (should it be able to do so); you may then take off the large
cap, throw in a pail of fresh water; next examine for zinc.
Important Caution.—Do not take fire near enough to explode
the machine.

The Machine and Bellows fitted up.

Having explained the construction of my lead-burning
machine and bellows, I will now proceed to explain and
illustrate the whole, exactly as I exhibited it at South
Kensington before the competitors for the prizes offered
for plumbing by the National Health Society, March, 1882,
and as used by myself and men in different parts of
England, Wales, and Scot-
land. Fig. 68 illustrates the
whole arrangement. The gas
is generated in the machine,
and conveyed through a stout,
pure rubber tube, P, X, K, to )
the regulating cock D; from .
there through the breeching

-or two of boiling water to be thrown in to dissolve the
crystals, and clear them away. Somectimes the machine is
cased with felt, &c., to keep it warm. If the machine does
not make gas fast enough, it must have the acid stronger ;
if no gas can be obtained, then look to your zinc. Probably
you will not find any left; of course then you must put in
more. Should you require to do this without emptying

piece Z and through the hand-pipe V to the mipple A; at
the same time wind is pumped from the bellows through\
the rubber tubes W, and through the breeching, where it. is

regulated by the spanner cock L, to meet and to mix in a
certain quantity or proportion as before explained, with the

Zas at the meeting point of the breeching Z, an(i through

the hand pipe to the nipple near A.
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This flame illustrates the burning of two pieces of lead
together at A, Fig. 68, kmown as flat-butted work. The
blow-pipe, 5, 6, 7, Fig. 69, is made of stout brass tube,
2in. bore; the nipples 8, 9, 4, are drawn full size; 3isa
plan looking from the back, and 2 is a plan looking from
the front; these nipples are made to screw off or on to the
pipe; the sized hole for the jet must vary according to the
class of work done, and also the workman. The ordinary
size is from 1-32 to 3-32 of an inch, or larger, if required
for very heavy work, such as from 12 to 28 1b lead.

FULL SIZE

In another case you would most likely fall into error in
attempting to line a cistern, and would meet with almost
unconquerable difficulties. The proper mode is to line it
as a zinc-worker would—that is, so that the seam will
stand out of the angle some three or four inches, and make
ore to lap over the other.

Preparing Work for Burning.—Flat Burning.
Take two pieces of lead, and prepare the edges to butt
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The student is particularly cautioned against attempting
to burn before he has thoroughly mastered the principles
upon which the machine and bellows are worked. He
should be able to answer any of the questions relative
to this work, which will be found at the end of this work.

I shall now proceed to explain Lead Burning, and those
who wish to become proficient in the art may easily do so
by following me step by step through these pages, practis-
ing every line. Do not try to learn it all at once. As for
me, I think that slow and sure is an excellent motto.
Remember that perfection is attained by degrees. I, when
a boy, and indeed now, take particular notice that I get
the elementary work before I attempt to excel, for without
being grounded in this part of the work, no man can
expect to become proficient.

Once more, before you begin burning, let me say;

Pray call perseverance to your aid,
And let the foundation be well laid.

To give my readers some idea of the extent of lead
burning now executed, and the consequent importance of
being a competent ‘‘lead burner,” I may here say that
Messrs. Pullen & Sons, the well-known solder and cast-
lead O-trap manufacturers, burn on the average upwards
of ten miles per annum, and though at first sight this
quantity may seem absurd, it is nevertheless the fact.

In order that plumbers may not from my teaching in
these pages be discouraged by failure at the commence-
ment of their efforts, I think it as well at once to tell them
that, in order to succeed in the art of lead burning, they
must be prepared to follow minutely the instructions, and
not be surprised that their early essays are umsuccessful.
A large share of patience is also required before competency
is reached. Itis not at all improbable that one of the first
difficulties that will be met with, will be in regulating the
wind to the gas, as the proportions of wind and gas, and
also the pressure, require such exactitude to produce the
true aero-hydrogen flame, that it is vain and ridiculous to
expect to succeed on a first attempt.

Another difficulty that you will probably have to contend -

with ig, that there may be a foreign admixture of chemicals
in the acid, or foreign matter in the zine, which would
cause the lead not to flow together, but rather to blacken
your seam. Even an experienced lead burner not unire-
quently has almost insurmountable difficulties to contend
with in burning lead that is either impure, or where
there are two quite distinct kinds of lead to be burnmed
together.

69.

tog'ethe;'. Shave the edges the exact width, as shown at
C D, Fig. 70. Do not use soil, touch, or resin, nor handle
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it after it has been shaved. Shave the lead, and put it to-
gether, as shown in 70. Be sure and shave all parts that
touch and are required to be burned—rviz., back and front of
the lead that touch each other.

Gas and Air Regulating.

Having your machine fitted nup and ready for use, as
shown at Fig. 68, I will instruct you how to regulate your
gas and wind, which is of the greatest importance. For this,
see Figs. 71 and 72. Take the pipe A B, Fig. 71, and hold
it lightly between the fingers and point of the thumb,

" as shown, so that the pipe will just be on the balance from

A to B; hold it as easy as possible; next have a lighted
candle, or better, an oil lamp, burning close to your work;
now turn on the STOP COCK of the machine [Fig.68], also
the shutting off cock K, and open the regulating cock D;
shut the wind cock N. Now the machine being just
charged will have a quantity of air mixed with the first lot
of gas, and for a minute or so after being turned on this
mixture will not ignite, because at first there will be too
much atmospheric air in proportion to the gas. After
a minute or so has elapsed, the hydrogen will predeminate,
and will ignite with a pop and kind of a bluish flame,
perhaps roaring, and most likely the size of the flame will
be exceedingly large, or perhaps small, and pop out; it will
then, if the pipe be held in the flame of the lamap, make
a sudden pop, and will be rekindled. This may go on for
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half a dozen times, when, all at once, it will most probably
increase in size, resembling the lame AB C D E F, Fig.

WITHOUT AIR OR WIND

TOO MUCH WIND
GOING OUT

Frc. 72.

72 ; it then, p_e'rhapa. will have a yellowish appearance in-
clined to red tint, which is an indication that there is no air

present. This flame is very rugged, having but very little
heat. Now, pump your bellows water up into the funnel,
[see Fig. 68], and turn on the wind cock N, and your flame
will be seen to alter both in size and colour; and most likely,
your flame will appear as at H I J K L M, Fig. 72, but wall
not remain 8o, but will become as at P O N ; then will still
get smaller as at R S Q, then to T U, and finally out. (If
s0, immediately close the shutting off gas cock K.) This is
simply beeause your gas is overcome by the power of air or
wind, which must be reduced in quantity by just tapping
the spanner of the cock L, 8o as to very gradually reduce
down the pressure of wind until the mixture of air
and hydrogen gas is in proper proportion. Now, in regula-
ting this proportion, it will be best to begin again by
shutting off the wind-cock N, and turning on the gas-cock
K. Now, light the gas, which will appear rugged and

FULL SIZE
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soft, and by lightly tapping the spanner D. reduce the gas
down to about the size of the flame shown at 11, 12, 13, 14,
Fig. 73. Now, shut the wind tap L, Fig. 68, and open the
wind tap N, your gas being still burning as at 11, 12, 13,
14, Fig. 73, éxcepting that you will not get that fine point
shown there. Now just open your wind tap spanner L, but
very slightly, still by degrees, and take particular notice of
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the difference you will have in the flame; it will get more
pointed and become a bluish soft purple and pencil-
shaped intense flame, in shape similar to that shown at 18,
19, and 20,Fig. 73. There is a wonderful difference between
the flame A B CD, Fig. 72, and the flame 18, 19, 20, Fig. 73,
The one is rugged and useless on account of its shagginess,
whilst the other is nseful on account of its sharpness. It is
compact, and too much care cannot be taken in selecting
this proper-shaped flame, which is entirely done by the
regulating the amount of gas and air by adjusting the
spanner cocks D and L, which govern the amount of air
and gas necessary for the size of the burner.

Nipples and Cleaning the Nipples.

It may happen that you cannot possibly get a clear flame,
and all you can do by regulating the wind is to no purpose-
‘When such is the case, examine your burner, as the point
may be out of shape or dirty, and must be cleaned with
a match or other pieces of wood pointed to a mneedle point,
which, by inserting into the hole of the nipple and twisting
it round, will clear away any dirt which might have lodged
there.
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Burning.

Having seen how to regulate your flame from a rugged
to a sharp jet, you may now try the effect of the strength of
the flame upon a stick of lead, which should be run in a tri-

point A; then try it with the stick of lead placed at B; then
try it by placing the stick close to the nipple at C, and see
at what point the lead melts casiest. « Repeat this until you
are satisfied. Now, having mastered your flame, so that
you can tell how to procure a pointed one, and as near
as possible the best position to obtain the strongest heat,
which would be at about one-third distance from the point A,
Fig. 74, next try this under different sized nipples and
flames similar to those shown at Fig. 73. Now I will
instruct you in flat burning.

Flat Butted Burning.

Having properly mastered the regulating of your flame,
now proceed to do some flat burning. First, prepare your
lead as shown at Fig. 70 ; here are two pieces of 6 or71lbs.,
lead butted together, shaved and ready for burning. Now
take your stick of metal in the left hand and the flame
(burners, as a rule, call the flame a ‘“flam’’) in the right,
holding it as before directed in Fig. 71, and just nip the
end of the stick lead so that a bead or button will fall on the
joint as at J, Fig. 70; then bring down the point of the flame
and melt the bead of lead together with the two edges
of the lead, taking care to apply the hottest part of th:
flame to the centre of joint. Let the whole flow together,
raise the flame instantly, and with all speed melt off another
bead to drop just upon the inner edge of your last (and at
the same time that the whole is in a molten state) at about
G in SHAVING ; then melt this bead and the two edges as
before, and so on from J to D, Fig. 70.

Norice.—It is important that you hold the blow pipe
straight and in a line with the shaving, and nearly level
over that part which you have burnt, as illustrated in Fig.
75. To put the pipe before that part which you have burnt
is burning back-ganded.

N.B.—The stick metal L, Fig. 75, is shown leaned rather
too much to the left, but its true position will be acquired
by practice. You must continue to practice this class of
burning, occasionally trying the flat and then the lapped
until you feel yourself thoroughly competent to do the
work with freeness and ease, and until you can execute it so
that it shall, when finished, have the appearance of that
shown at Fig. 75, which is taken from a photograph of some
work done by myself expressly for this work.

angular-shaped iron mould, having sides about % of an inch
wide (similar to that of a fine solder mould) shown at L,
Fig. 76. For this purpose, take the stick of lead in the left
hand, holding it nearly horizontal, or if anything, with its
end (from finger and thumb), say }in. out of the level, with
the point of the stick leaning downwards. Now, in your
right hand, take the flame, about the size of that shown at
A B C, Fig. 74, and apply the end A to the end of the stick
lead, and try what effect the fire has upon the lead at this

Lapped Joint Burning.

Fig. 76 represents a lapped joint; this is often done in
cistern work, and is nothing more than the horizontal or
upright work done flat, or on the bottom of the cistern.
Care must be taken to properly clean the under side of the
top lead, as also the undercloak, otherwise the lead will
have a poor chance of being properly burnt. This burning
is done in a similar manner to that before described, with
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this difference, that instead of burning the two edges as
in the butted work, you simply burn the lapped work shown
at J K, Fig. 76, by burning the outer edge in such a

manner that it will run from J. towards K, using your
Stick lead as may be required.

Horizontal or Side Burning,
[Graduated for learners.]

This is illustrated at Fig. 77. To commence learning
this, first lay the front lead over the back as shown, and
upon a board ; lean it at an easy angle of, say, about 25°

Fre. 77,

off the bench—that is to say, take a piece of board about
2ft. long, 9in. wide, and lin. thick, and lay the lead flat
upon it ; tilt the edge of the board, say 4in. or 5in., up
a3 shown at L., Fig. 77. Let the front lead F, be
thoroughly cleaned, and lap over the back lead as shown.

Now take the flame, which should be smaller than that used '

for flat or butted work, say, to commence with, th:mt the
flare should be the size of that shown at N O P, Fig. 72;
work with this size for a time on, say, some 41bs. and 51bs.

ZZ
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lead ; then as you improve you may increase the size of your
flame to that shown at 21, 22, 23, or 18, 19, and 20,
Fig. 73. To commence this burning, the front edge at
A. F. must be started, and burnt down to form a bead, as
at I and A, Fig. 78, then keep this bead alive, and with
the point of the flame just touch the back lead until it just
begins to brighten, when the two being in a state of fusion
will attract each other (the front lead by preference flies to
the back lead), and just at this very instant draw or lift the
flame, after which quickly bring the flame down upon

Fie. 78.

another portion of the front lead, so as to burn another bit;
and so again bring the hot part of your flame down to bear
upon your back lead, heating the whole of the lead up
until 1t is just liquefying, as in the former case. until your
length is burnt. The reason why this back lead continues
to stand is on account of the back part being cooler than
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the front, therefore you must proceed to practise this with
caution, and by degrees raising the edge of the board until

ou can burn with it perpendicular. The method for

olding the pipe for this work is illustrated at Fig. 79.
the former of which on being sighted up the arrow G, will
show the block as it stands when fixed upon the bench for
learning horizontal burning. It also illustrates the pipe.

FULL SIZE
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! Fig. 79. This position may be scen by sighting with the
left eye up the arrow H, when the work will be show:.
inclined from L to K, and also from G to A. Xeep

! practising at this until you have elevated the block or work

to a perpendicular line. If you sight with the right cyc

up the arrow I, the pipe and joint will appear as it should
when doing the work. When sighting up these arrows

Fic 79

It is almost unnecessary here to mention that you will not
require stick lead for horizontal or upright burning, but
simply melt down the front edge of the lead, say }in. to
3in., for the necessary supply.

pperes
S —
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Upright Burning.
To practise this, first you must be a fair horizontal
burner ; then begin by preparing the work as you did the
horizontal burning, first by elevating the block from M,

= SRR

H or I, the engraving should be held above the head, and
in a vertical direction, but not so when sighting up the
arrow G. I shall next draw your attention to the proper
position for holding the pipe when burning horizontal or

upright work. Ihave before said that it is necessary to
hold the pipe in a line with the work, as at Fig. 75. The
pipe should be held as shown at Fig. 80, when at work
on side or horizontal burning. And if you turn the drawing

E
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s0 that E may be the top, and sight this drawing from B
towards E, it will then illustrate the pipe as held for
upright burning.

Hints upon Upright ard Horizontal or Side
Burning.
Here the pipe in Fig. 80 is in a line with the seam, it
is also held near about level. Now refer to Fig. 81; let M
be the bottom lead, and B the top.
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Fia. 81

Here the back part of the pipe at F is cocked too high,
which appears very awkward, and is so, as far as regards
horizontal work. Now sight the engraving from A towards
B, and the pipe is about in a right position for upright
work. There is a right and a wrong way to lap your work
necessary for good upright burning. The lead for upright
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Fia, 82,

burning should be lapped for the overcloak to come from
left to right, so that its edge shall present itself to the
right hand as shown at Fig. 79, when sighting up the arrow
I, also as shown by looking at the diagrams 60 and 81, by
making M the top and A the bottom. By referring to Fig.

82, the lead is shown lapped the wrong way and is for left-
handed burning, which at a glance may be scen. This
should never be done unless it be in places where it is
unavoidable, asbackhanded work is, as it implics, awkward
to execute. You should practise this with the left hand.
Fig. 82 illustrates back-handed work with flame justin the
act of nipping down a bead of lead.

It is all important that you do not nip off too large a
piece at one time, nor too small a piece, for if too large it
will perhaps drop off, or cause the work to be uneven.
If too small, the work will be light and most likely not
sufficiently strong for the substance of the lead. As you
proceed with this work you will find that you can make
your work stronger according to the amount of prepared
lap and the amount of lead you nip down, the method
you adopt in biting and bringing down the bead of lcad
from the front edge to form the joint, the strongest work
being according to the amount of metal bit off at cach
movement.

Fig 83 illustrates side burning, and P Q R the end
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