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THE PHILO6PHY OF WELDING. h

Alexander L. HoIlley recently read a very interesting paper
before the Philadeiphia Institute of Mining Engineers, from
which we give the following extracts : The generally reeeived d
theory of welding is that it is nierely. pressing the niolecules of
metal into contact, or rather ini such proximity as they have iiie
the other parts of the bar. Up to this point there can hardly be
any différence of opinion, but here uncertainty begins. What f
impairs or prevents welding ? Is it nierely the interposition of
foreigu substances between the molecules of iron), or of iron and
any other substance which wil enter into molecular relations or
vibrations with iron ? le it merely the mechanical preventing of
contact between molecules, by the interposition of sticl sub-
stances ? This theory is based on such faccs as the following: j

1. Not only iron but steel bas been so perfectly united that i
the seamn could xîot he discovered, enid the strengthi was as great
-te it was et any point, by accurately plening end tboroughly
smoothing and cleaning the surfaces, bin&ting the two pieces to-
gether, subjectitig theni to a welding heat, and pressing themn
together by a very few hiammer blows. But when a thin filin of
oxide of iron was placed betweeu similar smooth surfaces, a weld
could not be effected.

2. Heterogeneous steel scrap, having a much larger variation
in composition than these irons have, when placed in a box coin-
posed ol wrought-iron side and end pieces laid together, is (on a
commercial scale) heated te the bigh temperature which the
wrought-iron wiIl stand, and then rolled into bars which, are
more homogeneous than ordinary wrought-iron. The' wrought-
iron box so, settles together as the heat increases, that it near-
]y exclndes the oxidizing atmosphere of the furnece, and no filmn
of oxide of iroin is interposed hetveen the eurfaces. At the
saine time the enclesed and more fusible steel is ,artially melted,
se tbat the irupurities are partly forced out an d partly difVnlsed
throughout the mass by the rolling.

The other theory is, that the molecular motions of the iron are
changed by the presence of certain impurities, such aq copper
and carbon, ini such a manner that welding cannot occur or is
greatly impaired. 111 f avor ofthis theory it may be claimeti that
say 2% of coppe*r will elmost prevent a weld, while, if the inter-
position theory were true, this copper could only weeken the
weld 2%, as it could only cover 2% of the surfaces of the mole-
cules te be united. It is aise stated that 1% of carben greatly

impu'airs weldinig power, while the niere interposition <'f cerbon
should only reduce it 1%. On tbhe other band it may be clinïied
that in the perfect weldingo <lue to the fusion of cast-iron, the ini-
terpositio>n of i 0% or even 20% of imipuirities9, snch as carbon,
silicon anil copper, does not affect tihe stretigth of the mass as
mnchi as 1%/ or 2%. of carbon or cepper affects the strength of a
wtcld madû at a plastic instead of a fi nid heat. It is also true that

ighl1 tool steel, containing 14% ef carbon, is mucb stronger
thuoughout its mass, ail of which bas been welded by fusion,
than it would be if it had lees cerbon. Hence copper and carbon
cannot impair the weiding power of iron in auy greater degree
than by their interposition, providcd the welding bas the benefit
of that perfect mobility mhich is due to the fusion. The simi-
lar effect of partial fusion of steel in a wrought.iron box bas ai-
teitdy been mentioned. The inférence is, that imperfect weiding
is not the resuli of a change in the moieculer motion due te im-
purities, but of imperfect mobility of the mess-of net giving the
inolecular a chance to get together.

Sbould it be suggeated that tbe temperature of fusion, as coin-
pared with that ef plasticit, mnay se change the chemicai, affini-
tics as to eccount for the dfferent degrees of wclding power, it
may be answered that the tempereture of fusion in oue kind otf
iron is lower than thet of plasticity in enothvr, aud that as the
trelding and melting points of iren are lqr,,ely due te the carbon
tbcy contein, such an impurity as cepper, ?,for instance, ought, o n
this theery, te impair weldin;g ini sorte cases aud net to affect
it ini others.

The obvieus conclusions are :lsit. Thet any wrought-iron of
whatever ordinary composition, may be weided te itseif in au
oxidizing atmosphere et a certain teiniberature, which may differ

vey argýely from that one wbict' is vaguely kunown as "a weid-
ing lies. 2nd. That in a non-oxidlizingatno-phere heterogen.
eeus irons, bowever impure, may be soundly welded at indeflu-
itely high temnperature8.

The next inferences wouldi he that he inr-sn teperature

'e chiefly improve the quelity of welding. If temperature is in-
reased to fusion, welding is practically perfect ; if to piasticitY
nd mobility of surfaces, welding shouid be nearly perfect. Thonl
ow does it semetimes occur that the more irons are heated the
orse they weld !

1. Not by reason of inere temperatture, for a heat aimost to
issociation will fuse wrought-iron into a homegeneous mass.

2. Probehly by reason of oxidation, which, ini a smith's lire
speciaily, necessarily increases as the temperature increases.
aven in a gas furnace a vfry hot flame is usually an oxidizing
aine. The oxide of iron fbrmas a divilling, filin between the sur-
aes to be joi;ed, while the slirght interposition of the sane
~zide, when diffued throughout the mass by fusion orpatl
usion, hardly affects wvelding. It ia true that the contaiîîe siag,
r the artificiel flux, becomes more fluid as the temperature riscs,
md thus tends to wash eway the oxide froin the. surfsces ; but
nasmuch as any iron withi any welding flux -enu be oxidized till
t scintilates, the value of a bigh beat in liquifying the siag is

more than beienced by its damage in burning the iron.
3. But it stili remains to be explained whysome irons %veld at a

high er temperature thani others, notebly, white irons bigh in car-
)on, or in some other imptirities, can oniy be weided soundly bY
ordiniary processes et low heats. It can onty be said that these
Linurities, as fer as we are ewere, increase the fusibiiity of iroin,
and thet in an oxidizing flame oxidation becomes more excessive
as the point of fusi,9n approaches. Welding demanda -a certain
condition of plasticity of surface ; if this condition is net reached,
wvelding fails for went of contact due te mobility ;if it is ex-
cceded, weldiug feuls for want of contact due to excessive oxida-
tien. The teînperatnre of this certain condition of plasticitY
varies with ail the différent compositions of irons. Hence, wbiie
it msy be truc that heterogeneous irons, wbicli have different
W(-lding point, can not be soundiy welded te one another in an'
oxidizing fis me, it ia net yet proved ueor is it probable that homo-
genieous irons enu not be welded together, whatcver their corn-
position, even in an oxidizing Ilame. A colleteral proof of this
is, that one smith cen weld irons and steels which another smith
v'an. net weld et al], by means of e akilftil qelection of fluxes and
a nice variation of tetnperatures.

COMPRESSION BY STEAM IN CÂis.-In some recent French
experiments it was noticed that when e lid of cest iron. was
ffaced upon a mold after casting, the ingot produced genleraiY
showed e zone of biow-hoies neer the surface aud on ali aides,
wvhule within it the block was entireiy sounid. WhenevPr the
mnoid was net covered the entire mass conteined blow-holes-
This, it was urged, was dut, te the pressure of the games, and
consequentfly experilînents nere made by Bounierd with more
then 100 tons of steel, which proved thet a pressure of 6 to 10
atinospheres acting upon the interior of the inget wc-ulit malte
the mnetai solid. The meld is covered with a lid in which there
isa ecentral casting openiig. It lias a pipe through which steain
mey be introduced. The steel is cest through tbe central orifice,
which is closed, and then steam, is admittcd. A copper wire is
naed for packiniz the lid. The work muet be rapidiy doue and
the meid be previousiy heated. In order te make the aetton Of
the pres~sure affect the iii' erior of the ingot the chilling of the
surface must be prevented, wbich is donc by heting, before
casting, the fire-brick lining ef the muner surface of the lid. The
ingot thus <'ast shows a de pression on its upper surface. Lt ws
found that in using steel for cannons the numbêr of cempresaed
ingots rejected wns only one-third et the number of ordinarY
cast ingzots. Experiments inede te epply the same principle te
steel caîstings sbowed that although the application wus more
dîflicult, tbe result wes the saie.

i>OL1,4UiNG BitÂs.-The foiiowiing 1eî,y te a question is givelP
iii the English Mlechanic - The final poliah is ol>tained hy burfl-
ishing with steel burnishers, alter which the articler, are heeted
in a steve, and the lacquer applied with e cemei's hair brush.
If the temperature is tee coid a dulucas ef surface is produced,
which is net removed by re-beating 1 have sent a recipe or twO
for the lacquer, if you like to me e your own, which muet be
ivermed as well as the articles ;-For a good geld coloured
lacquer, take seed-lac (unbleached>, 3 oz. j turmeric pewder, 1 oz.;
dregon's blood, j oz.; methylated spirits of wine, 1 pint. Brui5O
the lac sud dragen's bloed befere mixing themn in the spirit, aiLd
let it remain for some days, shaking it frequently ; afterwardS
drain off the liquor, or, if necessery, filter it. Ingredients for A
brasa lacquer : Shliec, 8 oz.; sandarec, 2 oz.; annotto, 2 oz-;
drtçzon':, blond resin, 1 oz.
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