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To atl whom it may concern:

" Be it known that I, Joun FERREOL MON-
NOT, & citizen of the United States, residing
in the city, county, and State of New York,
have invented certain new and useful Im-
provements in Processes of Producing Com-
pound Metal Bodies; and I hereby declare
the following to be a full, clear, and exact de-

- seription of the same, such as wiil enable
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others skilled in the art to which it apper-
tains to make and use the same.

This invention relates to processes of pro-
ducing compound metal bodies and consists
in a method of uniting layers or strata of un-
like metals, i. e., metals or,alloys of unlike
chemical nature, whereby such metals and
alloys are united as firmly and permanently
as weld-united layers of iron or steel, for ex-
ample. The union between metals which are
unlike in the above sense, produced accord-

ing to the method herein described is in all’

respects equivalent to the most perfect weld
possible, insofar as the subsequent behavior
of the united bodies of metal is concerned;
for -which reason, and because the term
“weld” is the one which would most natur-
ally be applied to such a union, by those
skilled in the art, I term such union herein-
after a “weld,” without, intending thereby to

limit or confine myself to any particular

theory as to the actual nature of the union
between the unlike metals.

By the method herein described it is possi-
ble to produce compound metal ingots, and
also manufacture
metal, such as plates, sheets, rods, tube, wire
and the like. In most cases the union be-

tween the unlike metals may be, and prefer-.

ably is, an autogenous one; but in certain
cases, as where one of the metals or an ingre-
dient thereof is subject to excessive volatili-
zation or oxidation at the temperatures re-
quired in carrying out certain stages of the

process, there may be an intermediate film or.

coating of another metal, as hereinafter de-

~scribed. ‘

5Q

55

_ It is well known' that it is very difficult to.|
- unite,

Fermanently, unlike metals; and par-
ticularly to
wrou

metals like nickel and cobalt, with metals of

s non-ferrous nature, such as copper, silver;.
old, aluminium, cupriferous alloys, (such as

ronze, brass etc.,) aluminium alloys (such

as aluminium bronze), .manganese bronze, |

ete. 1havefound, and itis a matter of com-~

" metal

articles of compound

‘after fusion, but stea

0 unite & ferrous metal, such as
ht iron and the various steels, .or

mon knowledge and experience, that iron and
copper, iron and silver, iron and aluminium,

‘and similar pairs of unlike metals, cannot be

weld-united or e<}uivalently-, united by cast-
ing the copper, si

ordinary casting temperatures of such met-
als, against the surface of aniron or steel ob-
ject to be coated. -

The fundamental discovery upon which
my new process rests is, that while unlike
metals of high fusing temperatures, such as
those named above, do not weld readily or at

ver, aluminium, etc. at the’

60
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all under ordinary conditions of metal work-

ing, nor by casting one of the metals at ordi-
nary casting temperature against an unlike

‘likewise of high casting tem rature;
yet if the metal so cast be heated, before cast-
ng,
casting temperature,
normally high

and be cast at such ab-

temperatures = disappears, and the unlike
metals contacted at such high temperature
unite readily to form a union of an autoge-
nous, permanent character equivalent to a
true weld. Metals such as copper, silver and
aluminium, at such a high temperature,
which for the sake of a name may be called a
supermolten - temperature, display . extraor-
dinary chemical
ily uniting with gases and other bodies, and
af;o with wholly unlike metals, such as iron
and the various grades of steel ;.and I believe
that the same is true generally of otHer
metals of relatively high melting tempera-~
ture, such as gold, m'cke%, cobalt, etc. ile
the fact is as stated, I am unable to give a

far above its melting point and ordinary -

temperature, the lack of affin-
ity between the metals observed at lower-

J0
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and physical activity, read- .

90

definite explanation of the phenomenon. .

Possibly it is due to dissociation of proximate
molecuf;s of the metals which still persist at
and near the melting point. Itis commonly
believed by physicists that ultimate mole-
cules'of most substances in the solid state are
agsociated to form larger complex molecules-—
an association which persists to some extent
ily diminishes with in-
crease of heat; and that the influence of heat
'uﬁon’ chemical reactivity is due partly to this
phenomenon. This peculiar ~increase of
chemical reactivity of certain molten metals
and concomitant heightening of their affini-
ties for ertain other metals, whether these
affinities be molecular, atomic or physico-
chemical, which occurs on raising their tem-

erature much above the point where they

hecome molten, if ‘heretofore observed, has’
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not to my khoWledge been applied to the unit-

ing of unlike metals of the classes herein

contemplated; the sole attempt of experi-
menters in the field of uniting unlike metals
by casting one such metal against the other

~haying been to heat the metal to be cast to a

Io

* between the contacting
joined at the instant of casting the ex--

-
wn

- Copper, at its ordinary
ays practically no aflinity for the totally.

20

.- forming no unjon with it

point- where it will remain liquid long enough
to fill the mold completely, and, sometimes,
to heat to or nearly to its melting point the
metal against -which the molten metal is cast,
I am not, however, aware that any attempt
has ever been made to produce temporarily
surfacés of the metals
to be
tremely high temperature utilized in the here-
mafter described method. - o :
Copper and steel may be taken as a pair of
unlike metals affording a typical example.
casting temperature,

displ
unlike metal, steel, hardly “wetting” it and
which will with-
stand tools or heat changes, even if it be cast

“at such ordinary casting temperature against

25

- solidification. The best union

30

the surface of the steel and held there during
that can be
formed in this manner, so far as known, is a
mere adhesion or “sticking together” of the
two metals, and not a true cohesion. The
metals so united will separate subse uently
during working or by the action of eat or

“:shock, or can be separated readily by means

35
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of a tool. In a way, it may be said that the
two metals behave as if their surfaces were
merely fitted together and not really united.
But if copper at the so-called « supermolten”’’
temperature above referred to be contacted
with the steel and held against the surface

thereof during solidification, the temperatire

of the' molten metal being allowed to fa]l as
soon as true “wetting” is effected, a union js

formed which is absolutely permanent and as,

~“strong as a true weld, the metals so joined be-

45
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55.

- ried out changes in the

6¢c

ing inseparable by change of temperature or
br shock; and a cold chisel or like tool, ap-
plied along the line of juncture of the two
metals, will not follow said line readily, as it
would if the metals were merely “stuck” to-
gether; but tends to dig into the one metal or
the other. Nor will reheating the joined
‘metals to a red heat and quenching in water
result in' separation of the metals, The
union thus produced is equivalent to what, in

. the case of united bodies of steel.and iron, is

called a-weld. - As tothe nature of the union
thus produced, uncertainty exists; but it is
known that when the Pprocess is properly car-

joined metals, if any,
are confined to an excessively thin film be-
tween: the proximate surfaces, the main por-

" tions.of the bodies of joined metals Possessing

" the union

65.

their ordinary properties. It may be that
) between the metals is a mere re-
sult of thorough “wetting”’ of the sfeel by

the copper; a molecular contact and coher-

 maintenance

-to thin sheets and : :
* Inthe case of copper, the supermolten tem-

863,716

ence between adjacent molecules of copper
and steel similar to that which unites the
molecules of copper and the molecules of
steel each among themselves; or, again, it
may be that the uniting layer is of a different
composition from the joined metals and is an
alloy of such metals, chemically or physic-
ally combined, as combination, mixture or
solution. The existence of such an alloy
film seems probable, because in the carrying
out of the process certain evidences of slight
solution of the iron in the copper, such as
might naturally accompany an alloying in-
ter-action, have been observed; but whether
or not an alloy film is formed, and without
restricting myself to the theory that any true
alloy is formed, it is convenient to term the

' uniting layer between the joined metals, for.

the sake of a name, an alloy film,” and I use
said term in this sense hereinafter.

It is not essential, for the uniting of the
supermolten copper to the iron or steel, that
the copper be confined in contact with the
steel while solidifying. If a cleaned piece of
steel be immersed momentarily in a bath of
supermolten copper and -then withdrawp
therefrom, under conditions precludin'% OXI-
dation, and-allowed to cool, it will be found
to be covered with a thin coating of copper
or, ‘possibly, copper-iron alloy, so firmly
united to the steel as to be “welded”’. thereto
In the same sense as the copper- coating of
substantial thickness formed y confining a
considerable body of supermolten copper in
contact with a steel surface and then a lowing
the same to cool, as above described ; and
since this thin coating is substantially the
same as the layer uniting: the two layers of
unlike metal joined in the manner above de-
scribed, I commonly apply to it also, for the
sake of convenience, the term ‘“alloy film,”

sometimes, however, terming it the ‘“weld--

film” ‘“film coating” or “alloy coating.”
As.above explained, I do not intend by the
use of the term ‘‘alloy” in these terms to
commit and confine myself to the existence
af what in common parlance is termed an
“alloy,” but merely use the terths mentioned
as convenient distinguishing terms.
"Whatever the nature of the alloy film or

uniting film, it is capable of indefinite exten-
thereby may be ex
tent, even to the thinnest sheets or wire,
without the union failing, without the sepa-
ration of the two metals, and without the de-
velopment of flaws, pores or seams therein.or
therebetween, and even with substantial
of the original relative propor-
tions of the two metals; all of which shows
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slon since an ingot of two metals joined
exterided to any desired ex- -

129
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that the original union between the two -

metals still persists in the coextended ware
produced by working the ingot, even down
WITe. :

130
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rature appears to be from 2500° to 2800°
g‘ihrenheit orhigher. Thesuper-molten tem-
perature of silver is about the same; that of
aluminium is somewhat lower. Thetempera-
5 tures named have not been determined with
absolute accuracy,it being well known that it

is difficult, if notimpossilﬁ
peratures in the neighborhood of or exceeding
- 5000° F. with even approximate certainty
to and accuracy; but I have endeavored to de-
termine these temperatures with the best
yrometers. readily obtainable, and believe
 the figures given to be substantially correct.
. In practice, it is not. necessary to know ac-
15 curately the temperature of the supermolten
metal, as it is easy to test the molten metal
from time to time, as it is being heated up, by
dipping therein a test piece of the metal to be
coated, withdrawing it under circumstances
ﬁrecluding oxidation, and allowing the ad-
ering film of molten metal, if any, to.cool.
When the molten metal forms on the article
"so dipped a coating which, when cold, pos-
. sesses the qualities of the alloy film or weld-
25 ing film above recited, it is known that the
supermolten temperature has been reached;
-but even then it is desirable. to heat the
metal somewhat hotter still, m order that
there may be a margin of temperature avail-
5o able. In practice, the workmen engaged in
carr{ing out the process become able to tell
by the appearance of the molten metal when

20

the proper supermeolten temperature ‘has

been reached, without the necessity of test-
35 ingrcont'mually. ' o
his property of combining with unlike
metals at supermolten temperatures appears
to be generic with all the metals of high melt-
ing points, and renders possible the procur-
ance of many pairs of, well-united metals
which eannot be obtained at all by common
methods of working. -

- In some cases, the coating formed by con-
tacting a solid body of one metal with a
‘45 ‘‘supermolten” body of an unlike metal and

" then permitting the adhering coating formed

by the action of the supermolten metal to
solidify, is sufficient; but in %;alneral I con-
template applying relatively thi

5o coatin

40

to ingots, cores-or bases of consider-

able thickness, and then coextending the.

" metals of the compound ingot thus pro uced,
by rolling, hammering, pressing, drawing, or

- other suitable method of working the metals,
55 thereby producing compound metal plates,
sheets, Tods, tubes, wire, and the like. The

- compound metal articles thus produced may
be used to great advantage in a variety of
arts and for many different purposés, as com-
bining the specific advantages of the com-
ponent metals. For example, plates or
_ sheets composed of a readily oxidizable

6o

‘metal, such as iron or steel, covered with an |

" impervious coherent coating of copper or
o5 other less oxidizable metal, may be used to

steel plates

e, to measure tem- |

ck layers or

great advantage in place of ordinary iron or
or sheets wherever such plates
are exposed to the weather, air, or other oxi-
dizir_xf influences or to the action of corrodin
liquids, gases or vapors which readily attac
iron or steel but do not attack at all, or at
least to so serious an extent, the coating
metal employed. Plates, sheets and other
articles of copper, silver, gold, aluminium,
brass, bronzes, etc., backed with iron or steel 75
may be used with great advantage where con-
siderable strength or stiffness of metal is de-
sired, coupled with the chemical, physical,
electrical or other properties or color or ap-

arance of thenon-ferrous metals mentioned.

or electrical conductors, it.is desirable to
combine the high electrical conductivity
of cdp{;er, aluminium, etc, with the great
strength of steel. ’ s

For the uses mentioned, and for a great-
variety of other uses which might be men-
tioned, it is a prime requisite that the unlike
metals shall be so inseparately united in the
first instance that the compound ingot,
sheet, rod etc. may be capable of great ex-
tension or working, as by rolling, or ham-
mering, to thin sheets, rods, & les, tubes,
etc., drawing, pressing in dies, spinning etc.,
without separation of the component layers,
without development of seams, pores, 1aws, 95
etc; and itisin f&dt desirable that during such
working the strata of the component metals
shall maintain substantially their original
relative proportions, even down to the
thinnest sheets or wire. 1t is further highly 1ee
important that the layer of coating metal
shall bein such a condition as to be absolutely-
impervious to liquids and gases. Electro-
plating or other methods of deposition of
metals do.not produce a coating possessing 103
these qualities. On the contrary, electric-
ally-deposited and like coatings are porous,

70
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‘the metal being thrown down in granular

or crystalline form, with dividing lines and
interstices between the crystals or granules, 110
g0 that liquids and gases penetrate the coat-
ing and sattack the metal beneath; neither’
is the adhesion of coatings so deposited good,
such coatings being merely adherent to the
hase and not coherent thereto, and for this 115
reason and also hecause of lack of cohesion
of the coating itself, it is impracticable to roll
or draw electro-plated metals without de-
stroying the continuity of the coating. For
similar reasons, tinning and galvanizing do 120
not produce as satisfactory results as is de-
sirable, and it is not practicable by these
processes to produce large coated surfaces
which are everywhere free from defects and " -
ermanently united with the base; moreover .125
?QI' many purposes tinned and galvanized sur- .
faces are altogether unsuitable, because not
possessing the desired superficial appearance
and other qualities; and a tinned or galvan-
ized. coating will not ‘stand ‘extension by 130
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‘dering ‘and similar

4

drawing, rolling, pressing between dies, etc.,
to any great extent. It isin fact impossible
that tinning or alvanizing shall produce a
union between the metals n any way analo-
gous to that produced by the method herein
described, since it is impossible to heat tin or
zine or lead to temperatures such that an
permanent union is produced by contact witlz
the metals of high melting point, tin, zinc and
lead all oxidizing orvolatilizing at relatively
low temperatures. Neither do brazing, sol-
Processes satisfactorily
unite unlike metalsfor all purposes, the metals
being merely “stuck together,” the articles
produced by such processes being incapable
of extension by drawing, rolling, etc. to as
greaf an extent as desired, being likely tosepa-
rateby heating, etc. Theideal union between
urnlike metals must be autogenous, i. e., must
be formed by a complete direct uniting of the
metals, such as may for the reasons above
stated, be termed “welding.” .

By my process I am enabled for the first
time in the history of the art, as I believe, to
actually and inseparably weld coherent,
dense, impervious and poreless coatings of
the less oxidizable and more ductile and
malleable metals upon .surfaces of unlike

. stronger and more oxidizable metals, which

30
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- ing relative to the thic
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‘has been able, sa far as T am aware,

coatings may vary from any desired thick-
ness to a tenuity comparable to that of or-
dinary electrocoatings. When the unlike
metals are absolutely welded together, as by
my process, no difficulties are experienced
such as are encountered in the use of elec-
troplated articles and in the use and working
of tinned, soldered and galvanized articles,
as, for instance weak lines of union permit-
ting peeling and other separation, or flawed
ana porous coatings, but on the contrary
coatings produced by my process are abso-

lutely ‘impervious and continuous, and co- |-

here to themselves and to the metal to which
they are joined, so that a compound plate,
ingot, rod, wire or the like is produced which
is_capable of being rolled, drawn or other-
wise extended parallel to the weld to any
desired extent without interruption of the
continuity of the coating, without its sepa-
ration from the base and with substantial
maintenance of the original thickness of coat-
ness of base. More-
over, the coatings in articles so extended are
in a dense, hard condition, much more so
-than coatings obtained by electroplating,
tinning or ga%vanizing, and thus are far more
durable. :

In the many unsuccessful attempts in the
prior art to'produce articles similar to or
equivalent to those produced by me, t?o one
0 pro-
such as described, as forpex-
ample a coating of copper on steel, which
c u?d not be separated from its base by
isel or equivalent tool, or

duee a coating

means of & cold ¢

853,716

to produce a coating in extended ware so in-
divisibly welded to the steel base as to be
able to rely wholly upon the steel for sup-
ort.. In such prior articles, owing to_the
ack of perfect union with the base, it has
been necessary to provide in the extended
ware a thickness of coating sufficient in itself
to furnish its own coherence and strength to

prevent - destruction; in copper-steel " wire,

for instance, the copper has had to be suff,.
cient in amount to furnish a tube of substan-
tial strength, inclosing the steel core. I am

70

75

not aware that in such prior articles a coat- _

.

ing of much less than 30 per cent has ever
been found practicable, whereas in ingots to
be extended greatly, I may provide a thick-
ness of coating equivalent to only 5 per cent;
and when the articles to be made
ingot are not to be greatly reduced in cross-
section (as in structural steel shapes) the

8o

from such - .

35

coating applied to the ingot may be as thin as

3 per cent.
In the heavy coated articles of the prior
art just referred t6, because of the lack of the

intimate and perfect union, such as secured

by me, there is always to be found, in the in-

got for example, a large roportion of the
compound metal in which there are flaws, de-
fects and places of no union of the joined
metals which must be cut out and rejected,
thereby entailing an undue wastage, both of
material and of the skilled labor required in
such prior processes. Tn the article pro-
duced by my process the union is so intimate

and thorough between all meeting surfaces i

that there is no need of loss by wastage or in
labor. The- process is conducted in such
manner that there is no. possibility of scale
spots and similar defects developing. The
operation is so simple that comparatively
unskilled labor is sufficient, thereby materi-
allfr cheapening the finished product. -

0 my new method, by affixing coatings of
copper, silver, gold and the like to an ingot
or other large body of metal and then co-ex-
tending the joined metals, I am able to se-
cure coated artices much more cheaply that
if said articles had first been produced in the
base metal and then coated, as is the com-
mon practice, .= = S ‘

Of course it may be understood that I can,
when desired, apply the coating to the fin-
ished, or half ished, article and in such
cases, if the article be large, the copper or
other coating metal may not be more than a
fractional per cent of the total. - ‘

go

95
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 For the production of coated surfaces of .

large area, like sheets and wire, my process
has the advantage, as compared with the
prior art, that whereas by such former proc-
esses the entire surface to be coated must re-
ceive the careful attention of the operator to
avoid flaws and the like, and such surface is
substantially the same as that of the finjshed
article, according to.my process the surface

125

130 -
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of union between the unlike metals is, in the
first instance, relatively.small, being that of
the relatively thick ingot, slab, plate, etc.,
from which the finished article is- produced
by extension; and the surfaces thus united
being reletively small, it iseasy and economi-
cal to bestow thereon a high degree of care such
as will insure an absolutely perfect union be-
tween: the unlike metals. In the subsequent
working of the welded ingots etc., the weld.
or union extends uniformly with the metals

on each side of it, even to the thinnest arti- |

cles, so that by the relatively small amount

. of care necessary to secure perfect union in
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the ingot or the like, the production of per-
fect sheets, wires rods, etc., therefrom is sub-
stantially assured. o

It is not always convenient, practicable
or desirable to apply the entire-coating in one
operation, or to form the entire coating
from a bath of supermolten metal. I have
found that if one of two unlike metals such
as referred to above have formed on it a
mere film-coating of the other by the action
of a supermolten body of that other, a
further body of said second or coating metal
can be cast against such film-coating at sub-
stantially ordinary casting temperature and
will unite therewith so intimately as to be
inseparable and indistinguishable therefrom.
For instance, if a steel ingot- be film-coated
by the action of supermolten copper or silver,
and a further body of copper or silver be cast
against and caused to solidify against said
film-coating, the metal so cast being at sub-
stantially the ordinary casting temperature,

a perfect union of the cast metal with the

film-coating may be obtained, and so a per-
fect union with the steel base. And I further
find that the metal so cast is not necessarily
the same as the metal which forms the film-
coating. These two facts render practicable
many convenient and extremely important
embodiments of my process. 1For instance,
there are many alloys containing readily
fusible or oxidizable or volatilizable metals,
such as the various brasses, tin bronzes, etc.,
which do not well” withstand heating to a
supermolten temperature. In thé case of
brass, the zine tends to.-volatilize below the
supermolten temperature of the copper, and
m tin bronzes the tin tends to oxidize or vola-
tilize below the supermolten téemperature of
the copper, and hence the supermolten tem-
perature cannot be obtained at, all, or with-
out serious loss of zine or tin such as will vary

‘materially the quality of the alloy. * In such

cases 1 film coat the base metal, with a metal
with which the metal of the main coating
will combine readily at convenient casting

femperatures, and then cast the main coat-
-ing metal against such film coating. For
-exainple, when coating steel with brass or tin
bronze, I film-coat the steel with supermolten

against the copper film so produced dnd
causg it to solidi?y thereagainst. The molten
brass or bronze combines readily with such
copper film at ordinary casting temperatures.
The said double treatment; i. ., film coating
and then forming a further coating of sub-
stantial -thickness against the film coating,
1s also convenient in many cases in using
pure metal or in obtaining therefrom coat-
ngs of pure metal or metal of definite char-
acteristics.
perature many metals are very sensitive to
flame gases and other bodies, readily be-
coming impure; and there is_reason to be-
lieve that at such temperature such metals
have a solvent action on other solid metals
g{aced in them. By -applying only a . thin

m -coating by the a.ction}q(x)l}g supermolten
metal, and then applying the main coating
by means of metal nearer its point of solidifi-
cation, there is less probability of reduction
of quality of the coating metal. However,

‘the main coating may be, and frequently is,

formed entirely from the supermolten metal,
this method having the important advan-
tages of requiring less manipulation and
fewer baths of molten metal. ,

The metals which I have found to have
a supermniolten condition at which they unite
with iron and steel by a union analogous
to a weld, are all metals having a melting
point above 900° F. I am not aware that
metals melting below this point reach a simi-
lar supermolten condition before volatiliza-
tion or oxidation, and it is in fact substan-
tially impracticable to - weld-coat iron or

steel, with a view to subsequent extension, -

with- metal melting below 900° F., asiron and
steel require to be heated to 900° F. and above
for the extension desired of compound metals.
It is not only the ferrous metals (iron and
the various steels) which can be coated wi
unlike metals (such as copper, silver, gold,
aluminium, brass, bronze, including alu-

‘minium and manganese bronzes, etc.) by the

method herein described. 1 may coat cop-

er with silver or vice versa; and in general
f may combine by the method herein de-
scribed any two of the metals of high melting

-point which it is difficult or impossible to

combine by ordinary methods. My process
makes it particularly easy to weld or braze

70
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When at the supérmolten tem-
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together pieces of aluminium, which, as is

well known, cannot be united satisfactorily
by ordinary methods; for it is easy to coat

I2¢C

the aluminium surfaces to be united with °

copper, silver or other suitable metal which
brazes or welds readily, applying the coating
by the process herein described, and then to
braze the coatings of copper, silver or other
metal. My process also makes easy the hot
working of metals, such as nickel; high-car-
bon steel, etc., which are subject to excessive
oxidation or other deterioration when worked

copper, and then cast the brass or bronze | hot in the presence of air; it being easy by 130
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my process to coat objects of such metals
with a metal less subject to oxidation or de-
terioration. In an application for Letters
Patent, filed March 2, 1906, Sr. No. 303,917,
I Jiave described and claimed such process of
hot working metals. :

As an illustration of my process, I will de-
scribe the uniting of copper to steel. The

difficulty, or even impossibility, of uniting

steel and copper by a joint equivalent to a
weld between two pieces of steel, by methods
heretofore known, is well recognized. And
I will suppose that it is a steel ingot which is
to be coated with copper, and that all sur-
facesof the ingot are to be coated with asub-
stantial thickness of copper, and then the
coated ingot extended by rolling,-hammer-
ing, or the like, to form sheets, rods, or other
extended ware.

The surface of the steel ingot is first
brought to an absolutely clean metallic sur-
face by sandblasting or other suitable me-
chanical method of removing scale, oxid and
the like, and then customarily -is pickled.

In pickling I preferably use hydrochloric or’

hydrofluoric acid, as these acids form on the
steel surface a non-oxygenated closely "ad-
hering protective coating of chlorid or
fluorid, which volatilizes readily at a later
stage in the operation, exposing an abso-
lutely clean and fresh metallic surface to the
supermolten metal. In pickling the steel
may form an anode of an electric couple,
when desired. ,

After pickling, it is best to heat the ingot
preliminarily before contacting the same
with the supermolten metal, to avoid ab-
straction of undue amounts of heat from the
supermolten metal. One method of con-
ducting this preliminary heating will be de-
scribed hereafter, but others‘may be used.
Customarily, I do not heat the ingot pre-
liminarily above & red or low yellow heat.
The heated ingot is then transferred to and

immersed in a bath of supermolten copper,

being protected from oxidation as herein-
after described, during the transfer. A few
seconds contact of the supermolten metal

with the heated ingot usually suffices for the.

copper to unite with the steel—the exact
time depending somewhat upon how hot the
steel was heated preliminarily; experience
soon teaches the workmen how long the con-
tact of the steel with the supermolten metal
should continue. The surface of the steel

ingot probably at once assumes the high

temperature of the supermolten copper.

When the entire coating is to be formed

from the metal of the supermolten bath, I
then segregate from the main body of the
supermolten metal a layer thereof, in con-
“tact with the surface of the ingot, of suffi-
cient thickness to form the desired coating,
according to the method desceribed in my ap-

plication for Letters Patent filed June 16,

“of the ingot.
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1905, Sr. No. 265,508, and withdraw the in-
got and segregated layer of molten metal
and cause the latter to solidify on the surface
But when only a film coating
is to be formed by the action of the super-
molten metal, I withdraw the ingot from: the
supermolten bath as soon as sufficient time
has elapsed for the formation of the film coat-
ing (a few seconds usually suffices), and then
either place the film-coated ingot in a suit-

_able mold and ecast around or against its

filmed surface the metal to form the main
coating, or immerse the film-coated ingot in
a second bath of molten metal maintained
at substantially ordinary casting tempera-
ture, and then segregate a proper layer of
such molten metal according to the method

of my said - application No. 265,508, and

cause the same to solidify against the film-
coated surface. "During the solidification of
the substantial layer of copper produced by
any of these three methods it is desirable to
use some pressure to maintain contact of the
copper with the surface against which it
solidifies; but if the segregated or cast-on
copper layer forms an annulus surrounding

“the ingot, the self-compression of the copper

due to its contraction during solidification
and cooling, is ordinarily suflicient. And in

70
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an application for Letters Patent filed May 95

23, 1905, Sr. No. 261,739, I have illustrated
and described means for applying positive
pressure from an external source during
solidification and cooling. In anv of these
methods the excessively high temperature
of the abutting layers between copper and
steel exists only temporarily as the heat of
such layers “soaks’’ into the steel core while
the heat of the copper is transferred out-
wardly by the cooling of the mold walls, and
no opportunity is afforded for detrimental ac-
tion upon either the main body of the steel or
that of the copper. Such changes as take
place, or may take place, in either metal,
are..only in the excessively thin joining
layer between; and. since, as’ already ex-
plained, I do not limit myself to any theory
of how the union between the unlike metals

-takes place, therefore I do not assert posi-.

tively, that when the operation is properly
performed, any change of the two metals, or

‘either of them, at the point of juncture, actu-

ally takes place. As previously explained,
the time of contact of the steel and copper or

“other.coating metal used, while such copper

or other coating metal remains in the super-

molten condition, is very brief, for long con-.

tact of the two metals with the copper or
other coating metal in the very highly
reactive condition afforded by the super-
molten temperature, would of course be det-
rimental to both. By limiting to a few see-
onds the period of contact of the metals

dition, T limit to extreme thinness the joining
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lInyer of alloyed, mixed, inferpenetrating, or
otherwise-united metals.

In transferring the fihn-coated ingot pre-
parvatory to either casting or segregating a
further coating around dr against the film-
conted surfaces it is highly important to
guard against oxidation of the film-coating.
This 1 do preferably by surrounding the
film-coating with a neutral or indifferent gas,
such for example as producer gas made from
coke, ¢harcoal or anthracite, and containing
no decomposable hydrocarbons. A method
of and means for so inclosing the film-coat-
ing are hereinafter-desecribed.

In earrying out the process by any of the
above methods, as soon as the coating formed
by the action of the pickling bath on the in-
got encounters the supermolten metal it is
volatilized, leaving an absolutely clean and
fresh metallic surface for attack by the super-
molten metal,

The coated ingot produced in any of the
ways above described is usually worked, as
by rolling, (either at once, or after submission
to a “soaking” heating to bring all the parts
to & uniform temmerature), to condense the
metal of the coating and also to extend the
ingot to marketable shapes, such as bars,
rods, plates, or structural shapes. In such
extension the joined metals extend together
without rupture of the union between them
and the final article usually contains the
same relative projportions of coating and base
as the finished ingot. In rolling, drawing,
and pressing the compound copper-steel
metal, it has been observed that the metal
works better than stéel of corresponding
grade alone, the coating of unlike metal
seeming to facilitate the working of the steel.

In the accompanying drawings I illustrate,
rather diagrammatically, apparatus such as
may be used in carrying out my process.

In the said drawings:—TFigure 1 represents
a sectional view of one form of anparatus for
carrying out the said process. Fig. 2 shows
in detail section the construection of bottom
plate and lower portion of casing preferably
employed. TFig. 3 shows a sectional view of
another form of casing which may be em-
ploved.

In Fig. 1, 1is a preliminary heating cham-
ber for the ingot or core; 2 is a furnace for
heating a crucible 3 to maintain in the latter
a body of surermolten coating metal; and 4
is a second similar crucible, which-in this in-
stance may be supposed to contain molten

. coating metal maintained at substantially or-

6o

‘ 05

dinary casting temperature. 5 designates a
power hoist, here shown as an electrical hoist,

‘mounted on & suitable track so that it can be

moved from place to place; and from said
hoist is suspended, by means of a porter bar
6, the ingot 7, which is the object to be coated.
Said ingot is shown surrounded by a casing 8
having an internal diameter slightly larger

Y 4

than the external diameter of the ingot, and
to said casing is connected a pipe 9, a portion
of which is flexible, said pipe provided with a
three-way valve 10. This pipe and the valve
10 are provided for supplying.to the casing,
when desired, an atmosphere of indifferent or
neutral gas, such as producer gas.
has a weighted head 11 which insures that
when the casing is lowered into the molten
metal it shall sink therein to the desired
depth. 12 designates a bottom plate for the
casing arranged to be secured to the ingot 7
itself, by means of a screw 13. . Said bottom
plate is provided with a raised rib or ring 14
matching a corresponding groove 15, in the
lower edge of the casing, and adapted to co-
act with said groove to make a tight joint.
For raising and lowering the casing 8 with re-
spect to the ingot 7, a special hoist 16, sus-
pended like porter bar 6 from hoist 5, is pro-
vided. It has, in the form shown, two wind-
ing drums 17 upon which are wound two ca-
bles 18 connected to opposite sides of the
casing, so that said casing may be raised and
lowered truly vertically. = I customarily pro-
vide each crucible with a loose removable
cover 19, one only of which is shown in Fig. 1,

‘which cover is designed to exclude airfrom

the molten metal so far as possible, and is re-
moved only when and so long as necessary to
lower an ingot and casing into the crucible, or
to inspect the molten metal, or for similar
reason. To further exclude air from the sur-
face of the molten metal, I cover so much of
its surface as possible with a layer of char-
coal, a ring 20 of refractory material which
floats on the surface of the molten metal
serving to maintain a clear space in the center
for the passage of the ingot and casing. To
assist in forming a tight joint between the
bottom plate and casing, I provide in the
groove 15 at the bottom of the casing a pack-
ing of asbestos cord 21 covered with graphite
paste 22.

The casing and associated parts shown in
Fig. 3 are substantially the same as above de-
seribed; but the casing 8is provided in addi-
tion with inlets 23 near its upper end, said in-

lets arranged to be closed at will by a sliding.

shield or valve 24. _
The casing 8 I customarily use, not only as
a means for surrounding the ingot with a

neutral or indifferent atmosphere and so pro--

tecting it form oxidation, but as a means
either for segregating the necessary amount of
molten metal to form the desired coating, or
as a mold into which the molten metal to
form said coating is poured as hereinafter de-
scribed with particular reference to Fig. 3.

In carrving out the process, a core oringot,
7, previously prepared by sandblasting and
pickling as above described, or in any other
suitable way, is placed within the heating
chamber 1, which I customarily heat by cir-
culating around it hot producer gas or prod-

Casing 8 -
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ucts of combustion. When the core has
been heated to the proper degree, the hoist 5
with the casing 8 suspended therefrom js
moved over chamber 1, the porter bar 6
is Towered and attached to the ingot, and
then said ingot is raised into casing 8. 1
sometiies fill the casing with a neutral or in-

" different atmosphere, such as producer gas,
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liefore raising the ingot 7 into it, so as to pre-
vent possible oxidation of the surface of the
ingot. while in transit to the supermolten
bath; but this is hardly necessary, as the
coating on the surface of the ingot formed by
the ‘pickling fluids mentioned is itself an ef-
fective protection ‘when = the -~ preliminary
heating is not too great. The casing and
ingot are then moved over the crucible 3
containing - the supermolten coating metal,
the lid 19 of said crucible removed, and the
casing with the ingot within it is dropped to
the surface of the molten metal, after which
the ingot is lowered frointhe casing & into the
supermolten metal, by means of the hoist 5,
the casing being meanwhile kept stationary
by means of hoist 16, and after sufficient
time for the action of the supermolten metal
on the ingot has elapsed, said ingot is raised
into the casing 8 again’ (said casing having
previously been filled with the protective gas,
by means 3f pipe 9 and valve 10) and the
casing with the ingot within it is raised from
crucible 1, the bottom plate 12 is applied to

the ingot, the casing with the ingot within.

it is moved over the second.bath of molten
metal, in crucible 4 and is' lowered to the sur-
face of the molten metal, and then the ingot
with the bottom plate attached is lowered
from the casing into the molten metal and

‘immediately thereafter the casing 8 is low-
ered through the molten metal until it rests

upon and is.closed at the hottom by bottom

plate 12; a layer of the molten metal of:

thickness required to form the desired coat-
ing is thereby segregated from the main body
of molten metal. - The casing, tightly closed
at the lower end by the bottom plate, is then

raised, and the segregated layer of molten.

metal within it permitted to solidify against
the film coating on the surface of the ingot;
said layer of molten metal combining with
said film coating hefore or during solidifica-
tion, so that when solidification is com-

_plete and the coated ingot is removed from
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the mold or casing &, the coating is perma-
nerttly weld-united to ‘the core. The coated
ingot thus produced is then-worked as above
described. : . .

In carrying out the process, as just de-
seribed, the protection of the film coating
formed in the supermolten bath, against oxi-
dation, by the protective atmosphere within
casing 8, is an important feature. The film
coating formed by the supermolten metal on
the surface of the ingot, is at a very high
temperature at first, and at least in the case

853,716 .

of a metal such as copper, would oxidize in-
stantly if exposed to the air. - By the de-
seribed method of procedure, involving the
passage of this filin coating direct from the
molten metal into a neutral or indifferent at-
mosphere, all oxidation of the coating is
avoided.  Asabove stated, the preferred gas
is producer gas formed from coke, charcoal
or ‘anthracite; such gas containing no con-
stituents which will decompose upon contact
with the highly heated surfices and deposit
carbon or other undesirable substance there-
on. Such gas, though of about the same
specific gravity as air of corresponding tem-
perature, does not escape from the bottom of
the casing except as an excess of the gas is
supplied to the casing, hecause it is highly
heated by contact with the hot ingot and so
made much lighter than the air surrounding
the casing. In practice, to provide for leak-
age around, the porter bar, and for the tend-
ency of gases to diffuse notwithstanding dif-
ferences in specific gravity, I provide a steady
flow of gas into the casing through pipe 9,
until the bottom of the casing has been im-
mersed in the metal of bath 4, the excess of
gas escaping at the bottom of the casing and
burning there harmlessty.

Instead of carrying out the process as
above described, by segregating a layer of
metal of bath 4 to form the main portion of
the coating, I sometimes use the form of cas-

'ing shown in Fig. 3, provided with filling

openings 23 and a closure 24 therefor. - Up
to the point of dipping into bath 4 this casing

is used the same as that shown in Fig. I,

0¥)enings 23 being kept closed during transfer
of the ingot from preliminary heating cham-
ber 1 to the supermolten bath 3, and the cas-
ing, filled with a protective atmosphere, serv-
ing to protect the film coating from oxida-

tion upon withdrawal of the ingot from the -

supermolten bath. But with this form of
casing shown in Fig. 3, the bottom plate 12 is
caused to close the bottom of the casing
tightly before the casing, with the ingot with-
in it, 1s immersed in the metal of bath 4; and
when said casing is immersed in the metal of
said bath 4, it is lowered therein until the
filling openings 23 have passed beneath the
surface of the molten metal and beneath the

layer of bad metal which is usually at the sur-

face into the body of good metal beneath the
surface, the closure 24 being raised just as it
nears the surface of the molten metal. The
molten metal then flows in through openings
23, filling the casing, and as soon as the cas-
ing is filled, it is raised; the molten metal
within it permitted to solidify against the
filin-coated surface of the ingot and to com-
bine with such film coating, and then the in-
got is removed through the bottom of the

casing and treated to such working as desired -

or required, as already explained. In carry-

ing out the process in this manner, the pro-
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tective atraosphere already within the casing
when the filling holes 23 are opened protects
the film coating and the molten metal which
enters the casing against oxidation; and in
fact no air can enter the casing, because the
holes 23 are submerged by the molten metal
almost instantly after the closure 24 is raised,
and during the possible brief irstant while
said openings are open but not completely
submerged the outrush of gas from the casing
will prevent entrance of air. - :

To hasten the filling, of the casing with
molten metal, and to prevent trapping of gas
in the molten metal as it solidifies, I prefer-
ably apply suction to the outlet 25 of valve
10, having first set said valve so as to cut off
the entrance of gas and to place outlet 25 in
communication with the interior of the cas-
ing. This is done, however, only after the
moiten metal has commenced to flow in.
And when necessary or expediert, I reduce
the {luid pressure upon the joint between the
bottom plate and casing, while raising either
the casing shown in Fig. 1 or the casing
shown in Fig. 3, by applying suction to the
outlet 25 of valve 10. ‘

Instead of carrying out the process in two
steps, as above deseribed, I may form the en-*

tire coatiig from the metal of the supermol- |

ten bath 3, either by segregating the metal to
form the desired coating by means of the
form of casir.g shownin Fig. 1, or bylowering
a casing such as shown in o g. 3, with thie pre-
liminarily heated ingot within it, into the
metal in bath 3, and withdrawing the casin
as soon as the latter is filled. In this way
avoid the use of more than one bath of molten
metal. IHowever, as above explained, when
the main portion of the coating is to be
formed of a metal or alloy which cannot be
heated safely or with advantage to the super-
molten temperature, I conduct the process in
two stages, film-coating the ingot with a su-
permolter: metal with which the metal of the
main coating will readily unite, and then ap-
plying such second coating as above de-
seribed. . .

‘To improve and condense .the molten
metal, I may apply pressure-to the interior of
the casing, after the same has been removed
from the molten metal and the joint at its
bottom has been sealed thoroughly by solidi-
fication (which will take place there while the -
greater portion of the metal is still fluid.)
The pressure may be applied through valve
10, or i any other suitable manrier.

Obviously, it will often. be desirable to ap-
ply the coating merely to one or more, but
1ot all, of the sides or surface of an ingot or
other object; in which case those portions
which are not to be coated will be protected
from contact with the molten metasl, as for

- example by covering such portions with a

65

protective shield, or iy causing the casing to
fit such. portions so tightly as to exclude

-with a graphite wash.

molten metal, or by contacting the molten
metal only with such portions of the surface
as are to be coated. To protect the casin
and bottom plate from the action of the mol-
ten metal, T cover the surfaces of the same
The complete protecting of the heated sur-
faces against oxidation aflorded by the film
produced by the
scribed method 0? reliminarily heating the
ingots, and especially by the chamber 8 con-

L tainiig a neutral or indifferent or non-oxidiz-
‘ing atmosphere, enables me to use as coating

metals such readily oxidizable metals as
nickel and cobalt, or to coat rods or ingots of

metals such as oxidize very readily (for ex-

ample, nickel, cobalt, or very pure iren or

steel, high-carbon steel, ete.) with unlike

metals. C :
The core or baseneed not be iron or steel,

‘but for most purposes an iron or steel base or

core will be preferred. Hence in certain of
the following claims I specify steel as the
metal of such core or base; and this term
“steel” I employ generically to designate all
forms of iron, including not merely ordinary
carbon stecl, both low-carbon or m:'d and
high-carbon or hard, but also wrougit iron
(the properties of which are nearly idcntical
with those of mild steel) and various com-
pound steels, such as tungsten steel, titan-
um steel, vanadium steel, chrome steel,
nickel steel, manganese steel, cobalt steel;
also substantially pure iron—:. e., the chem-
ical element Fe, substantially free from car-

o
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bon and other metalloids or impurities and

modifying ingredients.

The process herein described is an improve-
ment upon and modification -of the-process
described in my application for Letters Pat-
ent filed Oct. 6, 1905, Sr. No. 281,680; how-
ever I have elected to claim the process
generically in this application rather in said
application 281,680, the claims of which will
be limited to those features of the process
specifically different from those specifically
claimed herein. » :

In an application for Letters Patent filed
June 16, 1905, Sr. No. 265,508, I have illus-
trated, described and claimed a process for
forming coatings by segregation from molten
metal, #nd in an application filed Dec. 26,
1905, Sr. No. 293,411, I have illustrated, de-
scribed and claimed segregation apparatus
such as referred to. In an application filed
April 10, 1906, Sr. No. 310,910," I have
claimed the process of protecting the heated
surfaces from oxidation by means of an in-
different or protective atmosphere; and in
an application filed July 31, 1906, Sr. No.
328,606, I have illustrated, described and
claimed the metal coating apparatus herein
illustrated and described. Therefore I do

‘not claim any of said inventions herein.

The thorough protection against oxidation
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provided in my process makes it possible -to
work according to it, any of the sensitive
metals, such as nickel, cobalt, manganese,
chromium, tungsten, etc. likewise steels
containing such metals, also vanadium, phos-
phorus, ete., and high carbon steel may be
worked. Tt is very diflicult to maintain the
same grade in steel during working, when its
surface is exposed while hot to the air. . But
in my process the surface of ’g,he §teel is never
exposed to the air after the pickling.
What I claim is: ‘

1. The ‘process of producing compound.

~ .bedies of unlike metals welded fogether
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which consists in contacting a surface of one
such metal with a supermolten mass of an
‘unlike metal and confining a body of molten
metal of substantial thickness in contact
with such surface and causing it to solidify
thereon. v

2. The process of producing compound
bodies of unlike metals welded together
which consists in .weld-filming a surface of
one such metal by contacting therewith a
supermolten mass of an unlike metal and
then confining a second body of molten metal
of substantial thickness in contact with such
film-coated surface and' causing it to solidify
thereagainst and combine therewith.

3. The process of producing compound
bodies of ferrous an({) _
welded together which consists in weld-film-
ing the surface of a metal of one such group
by contacting therewith momentarily a
moltenmass of ametal of another such grou
having a melting point above 900° F., suc
second metal maintained at a temperature
much above its melting temperature, and
thereafter welding a substantial coating of

‘metal of such second group on such film.

4. The process of producing compound
bodies of ferrous and non-ferrous metals
welded together which consists in weld-film-

ing the surface of a ferrous metal by contact-.

ing therewith. momentarily a molten mass of
a non-ferrous metal having a melting point
above 900° I, such second metal maintained
at o temperature much above its melting tem-

perature, and thereafter welding a substan-

tial coating of non-ferrous mietal on. such
film. B S )

5. The process:of producing compound
bodies of unlike metals Zwelded_ together auto-
genously, which consists in weld-filming a

surface of one such metal by contacting

therewith a supermolten mass of an unlike
metal and thereby coating the surface so
coated with a- welded-on film of metal de-
rived from the molten mass,

6. The process of producing a film-coating
of non-ferrous metal on a surface of a ferrous |

metal which consists in exposing such surface
momentarily to contact with a body of super-
molten non-ferrous metal having a melting

non-ferrous” metals’

853,716

temperature above 900° F.,, and then with-
drawing from such contact. :

65

7. The process of producing a filin-coating

of non-ferrous metal on a surface of a ferrous
metal which consists in exposing such sur-
face momentarily to contact with a body of
superruolten copper and then withdrawing
from such contact. - '

8. The process of producing compound
bodies of unlike metals welded together
which consists in contacting a surface of a
steel base with a supermolten.mass of a non-
ferrous metal having a melting point above
900° F. and confining a body of molten metal

of substantial thickness in contact with such”

surface and causing it to solidify thereon.
9. The process of producing compound
bodies of unlike metals welded together

which- consists in contacting a surface of a-
-steel base with a supermolten mass of copper,

and confining a body of molten metal of sub-
stantial thickness in contact with such sur-
face and causing it to solidify thereon.
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10. The process of producing compound

bodies of unlike metals welded together
which consists in contacting a surface of a
steel base with a supermolten mass of copper,
and confining a body of molten copper in con-
tact with such surface and causing it to solid-
ify thereon. :

11. The process of pi'oducing compound

‘bodies of unlike metals welded together

which consists in weld-filming the surface of

one such metal by contacting therewith an-

other unlike metal at a temperature much

above its melting temperature and thereafter

welding a substantial coating of unlike metal
on the film coating so formed.’ . :

12. The process of producing compound
bodies of unlike: metals welded together

which consists in weld-filming a surface of a.

90

93

100

105

steel base by contacting therewith an unlike -

metal having a melting point above 900° F..
and which is at a temperature much above its

melting point and thereafter welding to such
surface a substantial coating of metal having
a melting point.above 900° F. and of a nature
unlike steel.

- 13. The process of producing compound

‘bodies of metals welded together which con-

sists in weld-coating a surface of a ferrous-
metal base by contacting. momentarily a
molten mass of & non-ferrous metal having a
melting' point above 900° F., such second
metal maintained at a-temperature much
above its melting temperature, and there-

.after welding to such surface a snbstantial

coating of a cupriférous metal,

14. The process of producing compdund
bodies of metal welded together which con-

sists"in weld-coating a sirface of a ferrous-
metal base by contacting therewith niomen-

tarily a molten mass of a non-ferrous metal,

having a melting point ahove 900° F., such
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second metal maintained at a temperature
much above its melting temperature, and
thereafter welding to such surface a substan-
tial coating of copper. '
= 15. The process of
bodies of metals welded together which con-
sists in weld-coating a surface of a ferrous-
metal base by contacting therewith momen-
tarily a molten mass of copper maintained
ata temperature much above its melting tem-
rature and thereafter welding to such sur-
ace 4 substantial coating of copper. _
16. The process of producing compound
bodies of metals welded together which con-
sists in weld-coating a surface of a ferrous-
metal base by contacting therewith momen-
tarily out of contact with the air a molten
mass of copper maintained at a temperature
much above its melting temperature, exclud-
ing air from contact with such filmed surface,
and thereafter welding to such surface a sub-

‘stantial coating of copper. :

"17. The process of producing compound
bodies of un{)ike metals welded together which
consists in weld-filming the surface of a body
of one metal by contacting with such surface
a supermolten mass of an unlike coatin,

metal, and causing a body of coating metsﬁ
to solidify against such film coating under
conditions affording pressure between it and
said coating. : ' :

. 18. The process of -producing éompound

bodies of ferrous and non-ferrous metals
welded together which consists in exposing a
body of metal of one such class first and mo-
mentarily to a bath of molten metal of the
other class having a melting point above 900°
F., such second metal maintained at a tem-
perature much above its melting tempera-
ture, and then to a lower-tem
of molten metal of such other class.- . .

19. The process of producing compound

‘bodies of ferrous and non-ferrous metals

welded together which consists in exposing a
kody of ferrous metal first and momentarily
to a bath of non-ferrous metal having a melt-
ing point above 900° F., such second metal
maintained at & temperature much sbove its

.melting - temperature, and then to a lower-

temperature bath of molten
metal.’ . - .
. 20. The process of producing compound
hodies of ferrous and non-ferrous metals
welded together which consists in exposing s

- non-ferrous

Lody of ferrouis metal first and ‘momentarily .

to a bath of non-ferrous metal having a melt-
ing point ahove 900° F.;such second metal
maintained at a temperature much above its
melting temperature, and then to a lower-
temperature bath of molten copper.

21. The process of producing compound

lodies of .ferrous and non-ferrous metals -
~welded together which consists in exposing a

hody of ferrous mietal first and momentarily
to a bath of molten copper maintained at a

roducing compound -

rature bath .

11

temperature much above its ‘melting tem-
perature, and then to a lower-temperature
bath of molten copper.:

22, The process of producing compound
bodies o: unlike metals welded together which
consists in weld-filming the surface. of a steel
Lase Ly contacting therewith a supermolten
mass of an uniike metal, and causing a body
of coating metal to solidiiy against such film
coating under conditions affording pressure
between it and said coating. '

23, The process of producing compound
bodies of unlike metals welded together
which consists in producing an ahsolute me-
tallic surface on a body of one metal, weld-
filming such surface Ly contacting therewith
a supermolten mass of an unlike coating
metal and causing a body of coating metal to
solidify on such film coating under conditions
affording pressure between it and said coat-
ing. '

24. The process of producing compound
bodies of unlike metals welded together
which consists in producing an ahsolute me-
tallic surface. on a steel base, weld-filming
such surface Ly contacting therewith a su-
permolten mass of an unlike metal, and caus-
imng & body of coating metal to solidify on

,such film coating under conditions affording
pressure between it and said coating.

25. The process of producing compound
metal bodies comprising - steel and a cuprif-

' erous metal welded together, which consists in
producing an ahsolute metailic surface on a
steel base, weld-filming said surface by con-
tacting therewith a supermolten mass of
another metal, and causing a kedy of cuprifer-
ous metal to solidify on such film coating,
under conditions affording pressure between
it and said coating. o _ o

26. The process of producing compound

70

95

pQele}

metal bodies comﬁrising steel and copper

welded together, which consists in producing

an aksolute metallic surface on a steel base,

weld-filming such surface by contacting there-
" with a supermolten miass of copper, and
‘causing a tody of copper to solidi
film coating, under condrtions affording pres-
sure bétween it and said coating. -

.27. The process of producing -compound
bodies of unlike metals welded together
which consists in film-coating a surface of a
body of one metal by contacting therewith a
body of molten metal of unlike nature at a

perature, and then contacting a second body
- of molten metal likewise unlike said first

substantial layer of said second body of mol-
ten metal to solidify against and comkine
with said film-coating. s

bodies of unlike metals welded together
which .consists in film-coating a surface of &

body of steel by contacting therewith a body

temperature much above its melting tem- 1

on such .

metal with said film cosating and causing a -
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28. The process of producing compound, -
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- ture, and then contacting & ‘seco

10

e

of molten metal of unlike nature at a tem-
perature much above its meltmﬁ tempera-

‘ d body of
molten metal likewise unlike gteel with said
film coating and causing a substantial layer

of saidsecond body of molten metal to solidify

against and combine with said film-coating.

29. The process of producing conipound
bodies of unlike metals :welded together
which consists in film-coating a surface of a
body of steel by contacting therewith a body
of molten copper at a temperature much
above its melting temperature, and then con-

- tacting a second body of molten copper with

15
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‘'said film-coating and causing a substantial

layer of it to combine with and solidify
against said film-coating. S ,

30. The process of producing compound
bodies of unlike metals' welded together,
which consists in exposing a surface of a body
of ope metal to the action, first of a bath of
molten metal of unlike nature at a temper-
ature much above its melting temperature
and then' to.a lower-temperature bath of
coating metal, likewise unlike sgid first metal,
and by pressure completing the weld, there-
by forming on sdid surface a coating of an
unlike ‘metal. - Lo Lo

31. The process of producing compound
bodies comprising steel and an unlike metal

- welded together, which consists in exgl?ssin% a
t of a

surface of & steel base to the action,

bath of molten metal of unlike nature at a tem-
perature much above its melting temperature
and then to a lower-temperature bath of

metal, likewise unlike said steel, and by pres-

. sure comlpleting the weld, thereby forming on

40

said stee

32. The process of
kodies comprising stee
welded together, which consists in exposing

1produaing compound

~ * a surface of a steel base to the action, first of

a bath of molten metal of unlike nature at a

" temperature much above its melting tem-

45

.gers;ture’ and . then to a lower-temperature

ath of copper, and by pressure completing

- the weld, thereby forming on-said steel sur-

50

- autogenous
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face a coating of copper. .
. 33. The process of»lproducing compound
bodies com})risin steel and an unlike metal
ly welded together, which con-
sists 1n exposing a surface of a steel base to
the action, first of a bath of molten metal of
unlike nature at a temperature much above
its melting temperature and then to a lower-

: temperature bath of said metal, and by pres-
* sure.completing the weld, thereby forming

6o

tion, first of d&.bath of molten copper at a.

on said.steel. surface a
metal, : . R : o

_34. The process of producing compound
hodies ‘comprising - steel and copper auto-
genously ‘'welded together, which. consists in
exposing a surface of a steel base to the ac-

coating of an. unlike

bodies of metal welde
sists'in immersing a metallic ohject in a bath

surface a coating of an unlike metal.

and an unlike metal

| bodies of metal welde

858,716

ature and then to a lower-temperature bath

‘of ‘copper, and by pressure completing a

weld, thereby forming on said steel surface a
coating of copper. :

35. The process of producing compound
bodies of metal-welde(f) together which con-

-gists in contacting a metallic surface with a

body of molten metal at a temperature much
ahove its melting point, withdrawing: said
surface from such contact into a protective

-tém;ieratu’re much above its melting temper- 65

70

75

atmosl;:here , and contacting said surface with -

a furt

er hody of molten metal and causing -

a substantial layer thereof to combine with -

and solidify on such surface.
36. The process of producing compound

“bodies of metal welded together which con-

sists in contacting a metallic surface with a

body of molten metal of unlike nature main-

tained at a uniting temperature much abhove
its melting point, withdrawing said surface
from such contact into a protective atmos-
phere, and contacting said surface with a
further body of melten metal and causing a
substantial layer thereof to combine with
and solidify on such surface. :
37. The process of dproducing_com ound

of supermolten metal of unlike nature, with-
drawing said object therefrom into a protect-
ive atmosphere, and then contacting with
said object a further body of molten metal of

8o

85

9°.

toge’ther which con= -

unlike nature and causing a layer thereof to

solidify upon such object.

38. The process of producing compound
bodies of metgl welded together which con-
sists in film-coating a metallic object by con-

tacting with it a body of supermolten metal

of unlike nature, protecting the film coating
from oxidation by enveloping the same witﬁ

& non-oxidizing atmosphere, and coritacting
‘with said film coating a body of molten
- metal and causing a layer thereof to combine
-with and solidify against said film coating.

- 89. The ‘process of dprod.ucing compound
together. which con-
sists in forming a chlorid coating on a surface

100
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of a metal object, exposing said surface toa

supermolten body of unlike metal and there-
by volatilizing said coating and filming over

the surface of the metal; and causing a sub-

115

stantial coating of molten metal to solidify

on such filmed surface.

40. The process of producing compound
bodies of metal welded together which con-

sists in forming .a volatilizable coating on a

120

surface of a metal object, exposing said sur- -

face to .a supermolten body of unlike metal
and thereby volatilizingsaid coating and film-
ing over the surface of the metal, and causing
a substantial coating of molten metal to
solidify on such filmed surface. .

41. The process of producing Sompound
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bodies of metal welded together which con-
sists in forming a volatilizable coating on a
surface of & metal object, exposing said sur-
face to a body of unlike molten metal at a
temperature much above its melting point
and thereby volatilizing said coating and
film-coating the surface of the metal object,
withdrawing the film-coated object from con-
tact with said molten metal into a protective
atmosphere to prevent impairment of the
film-coating, an(f)causing a substantial coat-
ing of molten metal to solidify on such filmed
surface. '

42. The process of producing compound
bodies of metal Welde(f together which con-
sists in forming a volatilizable coating on a
surface of & metal object by chemical attack
of such surface, exposing said surface to a
body of unlike molten metal at a tempera-
ture much above its melting point and there-
by volatilizing said coating and film-coating

“the surface of the metal object, withdrawing

the film-coated object from contact with said
molten metal into a protective atmosphere to
prevent impairment of the film-coating, and
causing a substantial coating of molten metal

‘to solidify on such filmed surface.

43. The process of producing compound
bodies of metal welde(lp together which con-
sists in pickling a surface of a metal object
and thereby forming on such surface a vola-

tilizable coating, exposing such surface to a

~ body of unlike molten metal at a tempera-

35

40

ture much above its melting point and there-
by volatilizing said coating and film-coating

- the surface of the metal object, withdrawing

the film-coated object from contact with said
molten metal into a protective atmosphere to
prevent impairment of the film-coating, and
causing a substantial coating of molten metal
to solidify on such filmed surface.

44. The process of applying cast-on coat-

" ings which consists in inclosing a heated ob-

‘45

50

55.

ject to be coated in a closed casing containing
a protective atmosphere, introducing molten
metal into such casing and exhausting there-
from such protective atmosphere, and apply-
ing pressure to the interior of the casing and
causing the molten metal therein to solidify
on theé surface of said object.

'45. The process of producing compound
bodies of ferrous and non-ferrous metals in-
separably united, which consists in contact-
ing a surface of one such metal with a super-
molten mass of the other metal, limiting the
uniting layer thereby formed by limiting the
time of contact between the two metals while
one of them remains in the supermolten con-

is

dition, and causing = layer of molten metal to
solidify on such surface. T

46. The process of producing compound
bodies of ferrous and non-ferrous metu.ls in-
separably united, which consists in contact-
ing a surface of one such metal with a super-
molten mass of the other such metal, limiting
to infinitesimal thickness the uniting layer
thereby formed by limiting to a brief period
the time of contact between the two metals
while one of them remains in the supermolten
condition, and causing a layer of molten
metal to solidify on such surface. .

47. The process of producing compoun
bodies of ferrous and non-ferrous metals in-
separably united, which consists in thor-

-oughly cleansing and protecting the surface

of a ferrous metal body of suitable shape and
thickness, heating such a body to a tempera-
ture between a red heat and a yellow heat,
melting an adequate mass of non-ferrous
metal and superheating such mass.to the de-
scribed supermolten condition, and bringing
the cleansed, heated and protected surface of
the ferrous-metal object into momentary
contact with the supermolten metal, main-
taining the contact for substantially only
that time which is required for union of the
two metals, and then causing cooling below
the supermolten temperature of the metal
immediately surrounding said ferrous object
and causing a layer of molten metal to solid-
ify thereon.

48. The process of producing:- compound
bodies of steel and copper inseparably united,
which consists in thoroughly cleansing and
protecting the surface of a steel body of suit-
able shape and thickness and heating such
body to a temperature between a red heat
and a yellow heat, melting an adequate mass
of copper and superheating such mass to the
desirei{) supermollf);en condition, and bringing
the cleansed, heated and protected surface of
the steel body into momentary contact with
the supermolten metal, maintaining the con-
tact for substantially only that time which is
required for union of the two metals, and
then causing cooling below the supermolten
temperature of the metal immediately sur-
rounding said steel object and causing a layer
of the molten metal to solidify thereon.

In testimony whereof I affix my signa-
ture, in the presence of two witnesses.

JOHN FERREOL MONNOT.

Witnesses: :
May I. TRiMBLE,
H. M. MarBLE.
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