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PROCESS AND APPA.'B.ATﬁS FOR PRODUCING COMPOUND METAL OBJECTS.

No. 910,408,

Specification of Letters Patent.

Patented Jan. 19, 1908.

Application filed May 11, 1807. Serial No. 373,117.

To all whom it may concern:

Be it known that I, Joan F. MoNNoT, &
citizen of the United States, residing at New

York, in the county of New York and State

of New York, have invented a certain new
and useful Process of and Apparatus for Pro-
ducing Compound Metal Objects; and 1 do
hereby declare the following to be a full,
clear, and exact description of the same, such
as will enable others skilled in the art to
which' it appertains to make and use the
same.

My invention relates to a process of and
apparatus for producing compound metal
bodies; which process and apparatus are
capable of being so performed and used as to
produce bodies in which layers of unlike
metals such, for example, as iron and copper,
are united by a union equivalent to, and
analogous to, and probab(}y constituting, a

weld union corresponding in nature and per-

manlency to a weld union between layers of
steel. - .

In my Patent No. 853,716, dated May 14,
1907, T have set forth a discovery made by
me, which is that unlike metals, such as steel
and copper for example, which do not unite
readily or at all at ordinary metal working
temperatures and by ordinary procedure,
even when the copper is cast at ordinary
copper casting temperatures into contact
with the surface of the steel, nevertheless
unite readily, and permanently when the cop-
per is heated to a temperature considgra.b{)y
above the ordinary casting temperature,
reaching a condition to which I have applied
the term ‘‘supermolten condition’; the
metal when at such high temperature being
apparently hi%hly reactive. In said applica-
tion I have claimed the process of uniting
unlike metals involving the heating of one of
them to this supermolten condition.

The specific method of procedure set forth

‘in said application of causing a layer of

metal to solidify from the molten condition
u%on the surface of an object to be coated, is
what I have termed the segregation method
and is set forth in U. S. Patent No. 851,684,
issued to me April 30, 1907.

The process and apparatus herein deseribed
offer more expeditious means for coatin
metal objects with a layer of metal solidifie
from the molten stste, and avoid certain
mechanical difficulties experienced -in the

making of large compound billets by the
segregation method. :
According to my present invention an arti-
cle to be coated (hereafter termed the billet)
is preferably first preliminarily heated as
hereinafter ~described, and then passed
through a body of supermolten coating
metal and out through a suitable die gaging
accurately the thickness of coating formed
by the action of the supermolten metal on
the surface of the billet and causing the solidi-
fication of the molten metal. i‘referably,
though not necessarily, the billet is passed
vertically through the bath of supermolten
metal, the crucible containing the super-
molten metal having in its bottom an open-
ing for thre passage of said billet, said opening
registering with the bore of a suitable die,
which bore is of a diameter precisely adapted
to permit the passage of said billet with the
predetermined thickness of coating thereon,
and to cause the solidification of such coating
during the passage of the billet through the
die, so that the billet as it emerges from the
die will be covered with a coating solidified
from the molten metal. The said opening

‘in the crucible is closed normally by a suit-

able closure (commonly a graphite plug)
which is forced down and out by the billet as
the latter is passed through the crucible and
said opening; and the said billet in turn car-
ries at its top a plug by which as the upper
end of said bﬁlet passes through said opening
in the bottom of the crucible, the said plug
closes such opening temporarily and until the
ermanent closure forced downward by the
gﬂlet can be replaced. As the billet emerges
from the die it 1s preferably received within a
suitable ¢asing containing a protective at-
mosphere, whereby the billet is permitted to
cool without contact with air. _
In my said. Patent No. 853,716 I have de
seribed two methods of forming coatings by
means of supermolten metal; one involving
the formation of the complete coating from
the supermolten metal, the other involving
the formation of a mere film coating from the
supermolten metal and then the addition of

- a further coating, constituting the greater

art of the desired coating, from a second
ath of molten metal. The process and ap-
paratus herein described permit an analogous
method of forming coatings, the billet being
passed through a bath of supermolten metal,

b5

60

65

70

75

80

85

20

95

100

105



10

15

20

25

30

35

., 40

45

50

55

60

65

2

as just described, and out through an orifice
of such size that only a film coating is formed
on the surface of the billet, and thence into a
space containing another body of molten
metal, preferably at a temperature more
closely approximating ordinary casting tem-
perature of such metal, and thence out
through a die adapted to regulate the thick-
ness of the coating and to cause solidification
of the molten metal, as already described,

My invention consists both in the process
above outlined and hereinafter more fully
described and claimed, and in the apparatus
for carrying out such process, hereinafter de-
scribed. ‘

The objects of my invention are to facili-
tate the production of compound metal ob-
jects, particularly those comprising unlike
metals welded together, to overcome diffi-
culties heretofore experienced in carrying out
the commercial production of such objects,
to avoid the use of large crucibles and deep
baths of molten metal, to avoid oxidation of
the objects to be coated and of the molten
metal, and to make the apparatus. simple,
durable, easily used, reliable, and capable of
uniform, rapid, and even continuous work.

In the accompanying drawings I illustrate
certain forms of apparatus for carrying out
the process above outlined.

In said drawings: Figure 1 shows a central
vertical section and Fig. 2 shows, (on a rela-
tively smaller scale) a plan view, of one form
of my said apparatus, adapted for forming

the entire coating from a single bath of mol-

ten metal. Fig. 3 is a detail view illustrating
the connections for supplying cooling water
to the die. Fig. 4 is a view similar to Fig. 1
but illustrates a slightly different and alter-
native method of closing the opening in the
crucible through which the billet passes, and
an alternative form of cooling and gaging die.
Fig. 5 is another view similar to Fig. 1 but
showing apparatus adapted to form the com-
plete coating from two bodies of molten
metal with which the billet makes contact
successively, and Fig. 6 shows a plan view of
said apparatus. Fig. 7 is a detail view of
one form of billet which may be used, show-
ing means whereby billets may be fitted to-
gether one on top of another to be passed
through the coating apparatus in continuous
succession. Fig. 8 is a view similar to Fig. 5
of a further alternative form of apparatus in
which a thin or film coating is tlz)rmed by
passing the billet through molten metal and
the main coating is formed by casting.

R+ ferring now to the drawings, and at first
to Figs. 1 and 2, 1 designates a crucible con-
taining, or adapted to contain, molten coat-
ing metal, preferably supermolten metal;
said crucible being shown mounted within a
suitable furnace chamber 2 having a port 3

- through’ which flame may be introduced.

Without limiting myself to any particular
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source of heat, I will state that I prefer a jet
flame such as may be produced by well
known atomizing oil burners. To receive
the impact of the flame and reduce wearing
action of the flame on the crucible itself, the
flame is caused to impinge on a renewable
face 4 of refractory material; from which it
is reflected and diffused and caused to fill
chamber 2, rising up around the erucible 1
and passing off through an offtake 5, whence
it passes to a furnace 6 for preliminary heat-
ing, as hereinafter described. Above the
crucible 1 there is a top plate 7 having an
orifice for the passage of the billet to be
coated, centered over the crucible; and a
sleeve 8, forming a continuation of such ori-
fice, depends from said plate. A ring 9 of
crucible mixture, carborundum, or other suit-
able refractory material, may float on the
surface of the molten metal within the cruci-
ble, serving to confine a body of moiten flux,
10, through which the billet will pass before
it reaches the molten metal. However, this
ring and body of flux are not necessary, par-
ticularly when, as hereinafter described, suit-
able precautions are taken to prevent oxida-
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tion of the surface of the billet to be coated;

nevertheless such layer of flux is always con-
venient, because of the efficient protection of
the surface of the molten metal thereby.
Within the preliminary heating furnace, 6,
are one or more receptacles for the billets to
be coated, each consisting, in the form
shown, of a metal casing 11 protected by a
covering of refractory material 12, There
may be as many of these billet recepta,cles as
desired in furnace 6; I have shown'two such
receptacles but do not limit myself to any
particular number. i
the top of the furnace 6, over these recepta-
cles and normally closed by covers 13, for the
introduction and withdrawal of the billets.
In the bottom of crucible 1 there is an
opening 14 for the passage of the billet; and
inasmuch as there 1s apt to be some wearing
away of the margins of this opening the bot-
tom of the crucible is recessed and provided
with an inserted bushing 15 of crucible mix-
ture, graphite, or the like, which may be re-
newed from time to time to keep the orifice
in the bottom of the crucible of substantially
uniform size. Beneath said bushing thers 1s
a gaging and cooling die, 16, suitably held up
against the bottom of the crucible. 'This die
contains an opening of the exact size of the
billet plus the desired thickness of coating.
The orifice in the bottom of the crucible 1 is
closed normally by a plug 17 of graphite or
similar material; beneath which, and sepa-
rated therefrom by a body of graphite paste
18, is a metal plug 19, fitting closely the bore
of the die 16, and held to graphite plug 17 by
8 bolt 20 having a T-head fitting within a
suitable recess in plug 17 and provided with
8 screw-nut 21. Beneath the plug 19 is a

There are openings in.
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rod 22 connected. to means: for pressing:it up

against the end of the bolt 20, such for-ex--

ample as the cross-head 23, rods 24, chains

25 passing. over pulleys 26, and counter-
5 weights 27; but the particular means. em-
ployed for pressing the rod 22 upward is un-
umnportant, except that preferably it should
be something which holds said rod up yield-
ingly, and with a pressure which is. readily
adjustable.. The pressure exerted by the
mechanism shown is readily adjustable by
adding to or taking from:the weights 27.

While the presence of a layer of flux. 10
over the bedy of molten metal in crucible 1
makes thorough cleaning and protection of
the surface of the billet against oxidation

10

15

less important than would be the case if said.

flux were not present (flux, such for example
as borax, having the power of dissolving oxid
on the surface of the billet) yet I prefer to
clean the surface of the billet thoroughly be-
fore heating, and. to heat it. preliminarily and
transfer it. to the metal in crucible 1 under
conditions: precluding oxidation. To- this
end I do-not expose the billets to-the action
of the heating gases of furnace 6, but provide

20

25

the reaefntacless 11, already described; and.
y I further provide means for filling.
said. receptaeles with a protective atmos--

- preferab
30 phere, such as Iaroducer gas made from coke,
charcoal or anthracite, and containing no de-
composible -hydrocarbons; te which end I
provide.a pipe 28 leading to each receptacle
_ 11, and through which producer gas may be
35 intraeduced:therein.
billet with a similar protective atmosphere
durin,
1, such as asbell-jar 29:
provided, at.its iower end, with a tip of clay
or other refractory material, adapted to
force out.the plug 17 at the bottom of the
crucible, and the porter bar by which it is
handled is previded with a covering of re-
fractory material: adapted to form a tempo-
rary closure for the opening-14 at the bottom
of the crucible until the plug 17 can be re-
Elaced. 31, in Fig. 1, designates the said

illét, 32 the clay tip at its bottom, 33 the
porter bar, and 34 the refractory covering
therefor: Suitable meéans, not shown, are

rovided for raising and lowering the porter

ar and the bell-jar 29, together or sepa-
rately, as required. The bell5jar is provided
with a valved flexible pipe, 35, for suﬁplying
a protective atmosphere, such as the pro-
ducer gas above mentioned, thereto, and an-
other pipe 36 is adapted for supplying. pro-
ducer gas or other suitable protective atmos-
phere to the space within sleeve 8 and be-
tween the surface of the contents of the
crucible and the cover 7. Beneath the. die
16 I provide a casing 37 adapted to receive
the coated billet, said chamber also pro-
65 vided with a pipe, 38, for filling it with a pro-
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I furtherprovide means.
for surrounding the preliminarily-heated.

its transfer from furnace 6 to furnace-
The billet usually is-

a

tective atmosphere.. Casing 37 is readily de-
tachable from die 16, and serves to receive
the coated billet and then, when detached
from the die 16, to protect said billet against
oxidation while it is being carried away and
while it is cooling, Rails 39 permit the pas-
sage ‘of a car adapted to piclg up and carry
away the casing 37 and its contents.

The die 16 serves not only to regulate the
thickness of the coating, but to cool to solid
condition the coating metal which; as it
emerges from the interior of crucible 1, is
still molten and (if at supermolten tempera-
ture) highlyliquid. Tothisend thedieis pro-
vided with means for circulating cooling
water or other cooling medium through it,
such as a passage 40. In- the construction
shown in F}’;ig. 1 and Fig. 3 I have shown the
die provided with a number of such passages
40, suplplied with cooling fluid through sepa-
rate valves 41, so that by opening some or all
of said valves the temperature of the die may
be regulated, and if desired the lower portion
of the die may be kept much cooler than the
upper portion, or vice versa.

The method. of carrying on the process
with the apparatus as shown in Figs. 1, 2
and 3 is as follows: Tae metal in crucible 1
being molten and, (if a weld union is to be
produced), in a supermolten condition, and 95
the billet 31, previously cleaned, being
within preliminary heating furnace 6 and
heated to the proper temperature, the bell-
jar 29 is move(f. over said billet, the cover 13
removed, the porter bar 33 lowered througn 100
the bell-jar and connected to the billet, and
the billet raised into the bell jar. Said bell-
jar and billet are then moved over the cruci-
ble 1, the bell-jar being centered accurately
over the sleeve 8 as may be done readily; 105

70
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"the top plate 7 having, as shown, an annular

seat 42. to receive the lower edge of the bell-
jar casing. The billet is then lowered
through the bell-jar into the crucible and as
said billet passes throtigh the molten flux 10 110
any trace of oxid which may be on its sur-
face is dissolved. Said billet is caused to
pass somewhat slowly through the super-
molten metal in crucible 1, the speed of pas-
sage being regulated so that each portion of 115

| the surface of the billet remains In contact

with the supermolten metal in the crucible
the required time (a few seconds usually
suffices); and when the lower end of the
billet, or the clay point 32 thereon, encoun- 120
ters the top of the plug 17 in the bottom of
the crucible, said plug is forced down and
out, the weights 27 being lightened, if neces-
sary, to facilitate this, and pressure being
applied upon the top of the porter bar if re- 125
quired for the same purpose. As tie billet
continues. to descen(f) it forces the plug 17
and the parts below it down into the casing
37, the billet following said parts down into
the casing; when the lower end of the re- 130
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fractory covering 34 of the porter bar reaches
the bottom of the crucible 1t closes the open-
ing in the bottom of the crucible, tempora-

rily Freventing the escape of the molten
metal: The billet is then forced downward

by the porter bar into the casing 37, and
then detached and removed and said casing
is detached from the die 16 and removed, a
new plug 17 being then placed in the open-
ing 14 1n the bottom of the crucible, tie
space beneath filled with graphite paste 18,
and the metal plug 19 inserted and screwed
up so as to compress the plastic material 18
and completely close the opening in the bot-
tom of tne crucible and prevent all escape
of molten metdl. A new casing 37 may
then be attached and the operations repeated
as. desired.

While it is practicable to coat a mumber
of billets in the manner described, until the
amount of coating metal in the crucible has
been diminisked considerably, and then add
a furtier increment of molten coating metal,
I prefer to add such molten metal continu-
ously, heating it to supermolten condition
in another furnace not shown, and then
running it into the crucible 1 through a
runner 50.

Tie billets may be passed through the
crucible 1 in continuous succession, each
billet having in its top a centering recess 43
(Fig. 7) to receive the taper point or refrac-
tory point 32 of the next billet. In such
case as soon as the top of one billet has dis-
appeared in sleeve 8, its porter bar will be
detachked, and bell-jar 29 removed, and an-
other billet brought over it and lowered
down until in engagement with it. In such
case the casing 37 may be bottomless, (see
Fiz. 5), the lower porter bar, 22, being moved
out of the way to permit a coated and suffi-
ciently cooled billet to drop and then re-
placed to support the next succeeding billet
1 its descent until sufliciently cooled.

The apparatus shown in Fig. 4 is equiva-
lent to tiwat siown in Fig. 1, but instead of
the plug 17 being removed through tie bot-
tom of tlie crucible, it is arranged to be lifted
out by means of a ring 44 just before a billet
is placed over the crucible, the opening in
the bottom of the crucible being kept closed
nevertiieless by the plug 45 of refractory
material until the billet forces said plug
downward as above described. In this fig-
ure I Liave sliown the die 16 as slightly taper-
ing, to compensate for contraction of.the
coating in cooling. ,

The coating 1s formed in thie same manner
in both cases, the annular layer of molten
metal which emerges with the billet through
tl.e opening in the bottom of the crucible
being solidified upon contact with the walls
of tiie die 16. The conditions which obtain
are particularly advantageous for the forma-
tion of good close grained non-porous coat-

910,408

ings of copper and like metals, for it is ex-
ceedingly desirable in the case of copper and
many other non-ferrous metals to cool them
as rapidly as possible from the molten to the
solid condition. While the molten metal is
solidifying under ‘merely the hydrostatic
pressure of the column of molten metal in
the crucible above it, this pressure is uni-
form over all portions of the coating so that
the coating is uniform throughout; and this
pressure is sufficient to materially improve
the quality of the cast metal, which quality
is further improved by the extremely rapid
solidification due to the cooling action of the
die 16, and also because it is cast under con-
ditions preventing absorption of air and
other gases. ’

The apparatus shown in Figs. 5 and 6 per-
mits the coating to be formed in two opera-
tions. The crucible is here substantially the
same as that shown in Fig. 1, except that it
is provided with a second c%la,mber 46 adapted

to contain molten metal for the formation of -

the main body of coating, a duct 47 leading
from the bottom of this chamber 46 to an
enlargement in the liner 15 corresponding to
the size of the desired coated billet. In this
case the opening 14 in the bottom of the
crucible is as near as may be the diameter of
the billet plus a very thin film coating
formed by the action of the supermolten
metal.  The duct 47 is closed except during
the casting ogeration, by a suitable plug 48
arranged to be raised or removed by con-
venient means such as commonly employed.
The operation of this form of apparatus is
the same as that previously described, ex-
cept that the plug 48 is raised just as the
lower end of the billet passes through the
opening 14 in the bottom of the crucible and
engages plug 45 to force the same downward.
The molten metal from the second chamber
46 then fills the annular space between the
billet and the walls of the liner 15, contacting
with the film coating formed in the main
chamber of crucible 1 and uniting thereto.
The die 16 as before regulates the thickness
of the complete coating. Preferably, the
fluid metals In the two chambers have about
the same level, so that there is no tendency
for flow of metal from one chamber to the
other, and preferably the molten metal is
supplied continuously to both chambers,
during the coating operation, so that the
coatings are formed under practically con-
stant pressure.

Forming the coating in two stages, as by
the apparatus shown 1n Figs. 5 and 6, has the
important advantage that théreby the bulk
of the coating is formed from metal applied
at or near ordinary casting temperatures. I
have found that copper in particular, when
in the supermolten condition, is very readily
contaminated. It appears to take up iron
by direct solution and for that reason is apt
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to be eontsminated by irom dimsolved from
the billets themselves; the electrical eon-
ductivity of the metal being thus decreased.
When the coating is conducted in two stages
as with the apparatus of Figs. 5 and 6, only
the supermolten metal in the main chamber
of the crucible has any opportunity to be-
come contaminated with iron from the billet
or from a part of the apparatus; and as the
film coating formed from the supermolten
metal froms an almost inappreciable part of
the cemplete coating, the main portion of
such coating being of metal which has praeti-
cally no opportunity for eontamination, the
electrical conductivity of the coating as &
whole may be very high.

In the alternative form of apparatus
shown in Fig. 8, instead of a casing 37 teo
receive the coated billet I provide a mold 51;
and the die 16 in this case 1s of such diameter
that the coating formed on the billet during
the passage of the latter through said die is
very thin—hardly more, preferably, than a
film coating, The film-coated billet as it
emerges from the die is centered within the
mold by engagement of its lower end with

lug 19, is
adapted to form the bottom of ﬂrn)e mold 51.
The duct 47 leads to the space just beneath
die 16. In this case, the film-coated billet is
lowered to the bottom of the mold 51, still
centered therein at the bottom as previously
described, and centered at the top by its
porter bar, and then molten metal From the
second chamber 46 is caused to run into the
mold and fill the space between the film-
coated billet and the sides of the mold; after
which the mold may be removed, a perma-
nent closure for the opening 14 in the erucible
inserted, a new mold put n place, and the
operation repeated. The molds may be pro-
vided with means for filling them with a
protective atmosphere, the same as the
casings 37.

While I have described the use of a pre-
liminary heating furnace in which the billets
are protected against oxidation, and I have
described means for transferring the billets
to erucible 1 which also protects said billets
from oxidation, I do not mean to confine
myself to the use of these devices, though I
consider their use desirable. If a layer of

flux 10 of oxid- dissolving material and of |
- sufficient de}d)th be employed, and the billets

be not passe through such layer too rapidly,
a moderate layer of oxid on the surface of
the billet can be dissolved off by the flux.
For example, using a flux layer of sufficient
thickness, it is practicable to heat the billet
preliminarily in an ordinary furnace—pref-
erably one operating with a reducing flame—
and then to transfer said billet quickly
through the air and lower it into the flux
layer and thence into the molten metal; the

flux dissolving off the oxid and dirt as the
billet deseends.

The .apparatus snd methods above de-
scribed are adapted for the ceating of billets
of various shapes; not ounly reund or oval
billets, but square, rectangular, triangular,
angle, and other non-cireular shapes.

do not claim herein the broad proeess of
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applying a coating formed from fluent mate-

rial by forcing out and around the object to
be coated an anpular envelop of the fluent
material and causing the latter to solidify.
Sueh process, sometimes termed an ‘‘extru-
sion "’ process, is well known in ¢ertain connec-
tions; for example, the insulation of electrie
eonductors and the application of lead cover-
ingstoinsulated cables. My processabovede-
scribed is clearly distinguished from such ex-
trusion processes in many importantrespects;
for example, the absence of, or of neeessity
for, great pressure, the coating being formed
under merely the pressure due to the small
hydrostatic pressure of the eolumn of molten
metal above the die and the pressure due to
the action of the die; also in the extreme flu-
idity of the metal from which the coating is
formed, the fluidity of the coating material
used in common extrusion processes being
due usually to the enormous pressure em-
ployed; also in the formation of a film-coat-
g by the action of the superinolten metal on
each portion of the surface of the billet while
such portion is still in the main body of mol-
ten metal and before the formation of an
annular envelop around such portion has be-
gun; also in the high temperature of the
molten metal, to which high temperature the
formation of such film-eoating is due. That
a film-coating will be formed by the super-
molten metal if the billet be merely contacted
with the supermolten metal for a few seconds
and then withdrawn and allowed to cool
under conditions precluding oxidation, and
that such film-coating so formed is united to
the billet by a union which is, or is analogous
and equivalent'to, 8 true weld-union, so that
the coating cannot be stripped off as can an
ordinary cast-on coating, FIM been set forth
in several of my prior applications. It isob-
vious that the same welded-on film must be
formed on the billet by the supermolten
metal, whether that billet be withdrawn
from the supermolten metal after brief con-
tact therewith and allowed to cool under con-
ditions precluding oxidation, or whether the
billet be passed on through the molten metal
and & layer of such molten metal caused to
form about and solidify upon said billet; and
this welded-on film coating obviously serves
as the means for uniting the unlike metals of
the billet and body of the coating.

In the case of coatings formed in two steps,
as for example the apparatus of Figs. 5 and
8, it is not essential that_both bodies of
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-the double-coating method, may be applied

a8

molten metat be of the same kind. The first |
may be copper or silver or like metal and the
second an alloy, such as brass or bronze,
which cannot be heated, or heated safely, to
the supermolten temperature. In general,
all the various metals which in prior applica-
tions I have stated are preferably applied by

by the method above described with refer-
ence to Figs. 5and 8.

It will be noted that the method and ap-
paratus above described permit the coat-
ing of objects of great length in relatively
shallow crucibles, so that the size.of the bil-
lets treated is not limited by the practicable
depth of the crucibles employed. It is de-
sirable that the crucibles be not of great
depth, because the crucible material is weak-
ened by the high temperature to which it is
subjected, and should not be exposed to too
great pressure.

When necessary I arrange to lubricate the
surface of the diée 16 to facilitate passage of
the coated ingot therethrough. To this end
I provide the die with an annular duct 55
(Fig. 4) having small openings as shown
communicating with the bore of the die; and
this annular duct 55 I connect by & pipe 56
with a cup 57 adapted to contain the lubri-
cant (for example graphite made into a paste
by means of oil,) said cup provided with suit-
able means for forcing tgle material through
pipe 56 and duct 55 and the said perfora-
tions into the bore of the die; such means be-
ing for example, an adjustable loading spring.

What I claim:— :

1. The process of producing compound
metal objects, which consists in passing an ob-
ject to be coated through and out of a bath of |
molten metal maintained at a temperature
much above its melting point and in the de-
scribed condition for forming permanent
unions, causing a layer of such molten metal
to flow out around said object as it emerges
from such bath, and causing such surround-
ing layer of molten metal to solidify on said
object.

2. The process of producing compound
metal objects, which consists in passing an ob-
ject to be coated through and out of a batb of
molten metal maintained at a temperature
much above its melting point and in the de-
seribed condition for forming permanent
unions, causing a layer of such molten metal
to flow out around said object as it emerges
from such bath, causing a further layer of
molten metal to surround said first layer and
unite thereto, and causing both layers of mol-
ten metal to solidify on said object.

3. The process of producing compound
metal objects, which consists in prelimina-
rily heating an object to be coated, transfer-
ring the same under conditions precluding

oxidation, to, and passing said object through
and out of, a bath of molten metal main-
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tained at a temperature much above its melt-
ing point and in the described condition for
forming permanent unions, causing a layer of
such molten metal to flow out around said
object as it emerges from such bath, and caus-
ing such surrounding layer of molten metal to
solidify on said object.

4. The process of producing compound
metal objects, which consists in prelimina-
rily heating an object to be coated, transfer-
ring the same under conditions precluding
oxidation, to,and passing said object through
and out of, a bath of molten metal main-
tained at a temperature much above its melt-
ing point and-in the described condition for
forming Ipermanent unions, causing a layer of
such molten metal to flow out around said ob-
ject as it emerges from such bath, causing a
further layer of molten metal to surround
said first layer and unite thereto, and causing
both layers of molten metal to solidify on
said object.

5. The process of producing compound
metal objects, which consists in surrounding
a moving object to be coated with an envel-
oping stream of molten metal flowing there-
with and initially in the herein described su-
permolten condition, and causing such stream
to solidify on the surface of such object.

6. The process of producing compound
metal objects, which consists in passing an
object to be coated downward through a bath
of molten metal maintained in the described
supermolten condition, and causing a stream
of such molten metal to envelop.and flow
with said object as it emerges from said bath,
and causing such stream to solidify on the
surface of such object.

7. The process of producing compound
metal objects, which consists in surrounding
a moving object, to be coated with an envel-
oping stream of molten metal flowing there-
with*and initially in the herein described
supermolten condition, surrounding such
stream with a further stream of molten metal
and causing such second stream also to flow
with said object, and causing both streams to
solidify on said object.

8. The process of producing compound
metal objects, which consists in passing ob-
jects to be coated downward through a bath
of molten metal maintained in the described
supermolten condition and causing a stream
of such molten metal to envelop and flow
with said object as it emerges from said bath,
surrounding said stream with a further
stream of molten metal and causing such
second stream also to flow with said object,
and causing both streams to solidify on said
object. ‘

9. The process of producing compound
metal objects, which consists in preheating
an object to be coated and passing the same
through a layer of cleansing flux and then
through an underlying layer of molten coat-
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ing metal: and. cansing u strennt.of srech msl-
ten metal to flow im contact. with-sait objest:
and solidify thereom. )

10.. The process of producing compound.

metal objects, which consists in preheating:

an.object to be coated and passing the same
through a layer of cleansing flux and thefr
through' an underlying layer of supermolten
coating metal and forming a film-coating on:
such.object by the action of the supermolten:
metal and then causing an annular stream:
of molten. metal to-surround and. flow with
said film-coated objeet and solidify thereon.

11. Apparatus for producing compound
metal objects. comprising' a receptacle for
molten metal formed. of refractory material
and having at a point below the normal sur-
face level of its contents an. opening and a
liner bushing fitting into a. recess. beyond
and in line with such opening, and a die
beyond said bushing,

12. Apparatus for producing compound:
metal objects: comprising a. receptacle for
molten. metal having a discharge: opening,.
a plug of refractory material at the innier end
of said discharge opening; another plug be-

_ gond‘ the same; plastic packing' material
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etween said plugs, and means for compress-
ing the same. :
13. Apparatus for producing compound
metal objects comprising a. crucible having
an opening in its bottom, & plug on the inner
side of said opening, another plug on: the
outer side- thereof, means. for holding said
latter plug upward, and. plastic: material
between said plugs:
14. Apparatus. for producing compound:

metal objects comprising a' crmaible: having

an opening in its. bottom; a die forming a

continuation of said opening; a. plug in said.
opening, a plug in: said. die, and: means for:

forcing the latter plug inward.
15. Apparatus for producing: compound

metal: objects: comprising a. crucible- having:

a discharge -opening adapted- to permit pas-
sage of: the objects to:be:coated, a dieinline
with said. opening, a receiving chamber be-
yond said die; and means. for closing: said
opening.

16. Apparatus for. producing. compound

metal objects comprising. a: crucible having
a discharge opening adapted to permit pas-
sage of the objects.to be coated;.and:a die in
line with: said. opening and. provided with
cooling means, ‘

17. Apparatus for producing compound.
metal objects comprising a crucible having:
a discharge opening. adapted: to: permit. pas-
sage of the objects to be coated, a die in line
with said opening provided with cooling
means, and & receiving chamber- beyond:
said die. ‘ )

18. Apparatus for producing compound
metal objects comprising & crucible: having
a discharge opening adapted to permit pas-

7

sage of the: objents (o bee coated and a dis in-
line: with: said: opening: baving a passage. for-
the: flow of & cooling' medium..

19. Apparatus for producing compound
metal: objects: comprising a crucible having
a: discharge opening adapted to permit pas-
sage of the objects to be coated, a diein line
with said opening, and a receiving chamber
beyond said die having means for supplying
a protective atmosplere to it.

20. Apparatus for producing compound
metal objects comprising a receptacle for

‘molten metal having a discharge opening

adapted to permit passage of the objects to
be coated, a die in line with said opening,
and means for supporting and guiding said
objects after J)assmg through said die com-
prising a yielding support.

21.. Apparatus- for producing compound
metal ogjectvs comprising: a receptacle for

{1 molten metal having a discharge opening in

its bottom adapted to permit passage of the
objects to be coated, a die in line with said
opening, and a yielding support beneath
said die.

22. Apparatus for producing compound
metal: objects comprising a receptacle for
molten metal having a discharge opening in

.| its bottom adapted: to permit passage of the

objects to be coated, a die in line with said
opening, a receiving chamber beyond said
die, and a yielding support. passing through
said chamber.

23. Apparatus for producing compound
meta] objects comprising” a receptacle for
molten metal having two chambers, an
ogening in one of them for the passage of the
objects to be coated, and a duct leading from
the other chamber to a space beneath said
opening.

24. Apparatus for producing compound
metal objects comprising a receptacle for
molten metal having: two chambers, an
ogening in one of them for the passage of the
objects to be coated, an apertured die be-
yond and in line with said opening, and a
duet. leading from the other chamber to the
space between said opening and: die.

25. Apparatus. for producing: compound
metal objects comprising a receptacle for
molten metal having two chambers, an
opening in one.of them for the passage of the
olgjects to be coated, an apertured die be-
yond and in line with said opening adapted
to cool molten metal flowing around and
with objects passing therethrough, and
means for conveying molten metal from
such second. chamber to a space adjacent
such an' object.

26. Apparatus for producing compound
metal objects comprising a receptacle for
molten. metal, having two chambers, an
o.gening in one of them for the passage of the
objects to be coated, an apertured die be-
yond and in line with said epening adapted
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to cool molten metal flowing around and
with objects passing therethrough, and
means for conveying molten metal from said
second chamber to an annular space sur-
rounding objects passing through said open-
ing and die, having its delivery at a point
between said opening and die.

27. Apparatus for producing compound
metal objects comprising a receptacle for
molten metal having two chambers, an
ogening in one of them for the passage of the
objects to be coated, means for closing said
opening, a duct leading from the other
chamber to space beneath said closing
means, and a die forming a continuation of
said opening.

28. Apparatus for producing compound
metal objects comprising two chambers for
holding molten metal, one having an opening
for the passage through it of the objects to
be coated, a die beyond said opening, means
for closing said opening, a duct leading from
the other chamber to a space surrounding
objects passing through said opening and die,
and means for closing said duet.

29. Apparatus for producing compound
metal ogjeets comprising a receptacle for
molten metal having in its bottom an open-
ing for the passage of objects to be coated,
means for closing said opening, means be-
neath said opening for solidifying molten
metal flowing from said opening, and guid-
ing means above said receptacle.

30. Apparatus for producing compound
metal objects comprising a receptacle for
molten metal having in its bottom an open-
ing for the passage of objects to be coated,
means for closing said opening, means be-
neath said opening for solidifying molten
metal flowing from said opening, and means
above said receptacle having a centering
seat in line with said opening, adapted to
receive and center ingot-guiding means.

31. Apparatus for producing compound
metal objects comprising a receptacle for
molten metal having in its bottom an open-
ing for the passage of objects to be coated,
means for closing said opening, means be-
neath said opening for solidifying molten
metal flowing from said opening, a support
above said receptacle having a centering
seat in line with said opening, and a chamber
for transporting articles to be coated,
adapted to Lo received in said seat.

32. Apparatus for producing compound
metal ohjects comprising a receptacle for
molten metal having in its bottom an open-
ing for the passage of objects to be coated,
means for closing said opening, means be-
neath said opening for solidifying molten
metal flowing from said opening, and a cover
over said receptacle having an opening in
line with the opening in said receptacle and a
sleeve depending from said opening.

910,408

33. Aﬁparatus for producing compound
metal objects comprising a receptacle for
molten metal having in its bottom an open-
ing for the passage of objects to be coated,
means for closing said opening, means be-
neath said opening for solidifying molten
metal flowing from said opening, and a
cover over sald receptacle having an opening
in line with the opening in said receptacle
and & sleeve depending from said opening,
and means for supplying a protective atmos-
phere to the interior of said sleeve .

34. Apparatus for producing compound
metal objects comprising a receptacle for
molten metal having in’its bottom an open-
ing for the passage of objects to be coated,
means for closing said opening, means be-
neath said opening for solidifying molten
metal flowing from said opening, a ring of
refractory material floating on the surface
of the metal in said receptacle and a layer
of cleansing flux within said ring.

35. Apparatus for producing compound
metal objects comprising a furnace having a
receptacle for molten metal, an annular
flame space surrounding said receptacle and
a removable flame diffusing body adapted
to receive impact of flame projecting into
said chamber, said receptacle having an
opening in its bottom for the passage of
ogjects to be coated, and means beneath
said opening for solidifying molten metal
flowing from said opening.

36. An apparatus for producing comgound
metal objects comprising a receptacle for
molten metal having beneath the normal
surface level of such molten metal an open-
ing for the passage of an object to be coated,
means for guiding an object to be coated
through such receptacle and out through
said opening and means for closing said
copening_.n .

37. apparatus for producing compound
metal objects comprising a receptacle for
molten metal having beneath the normal sur-
face level of such molten metal an opening for
the passage of an object to be coated, means
for guiding an object to be coated through
such receptacle and out through said opening,
means for closing said -opening and an ori-
ficed die beyond and in line with said open-
ing and forming a continuation thereof.

38. An apparatus for producing compound
metal objects comprising a receptacle for
molten metal having beneath the normal
surface level of such molten metal an open-
ing for the passage of an object to be coated,
means for guiding an object to be coated
through such receptacle and out through
said opening, means for closing said opening,
and an orficed die provided with cooling
means beyond and in line with said opening
and forming a continuation thereof.

39. Apparatus for producing compound:
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metal objects comprising a receptacle for
molten .metal having in its wall and below

the normai ievel of the mwolten metal, an |

opening for ‘the passage of articles to be

. coated, means for closing said opening and

means_for fassing articles to be coated
through molten metal in said receptacle
and such opening comprising ‘a porter bar
adapted for connection to the article to be
coated and }l)rovid'ed with a plug of refrac-
tory material adapted to close said opening.
40. Agpara,tus for producing compound
metal objects comprising a receptacle for
molten metal havin% i
for the passage of objects to be coated an
an apertured die beyond and in line with

in its wall an openin

910,408

‘said opening, having means for supplying a

Jubricant to 1ts inner surface.

41, Apparstus for producing compound

metal objects: comprising a receptacle for 20

molten metal having in its wall an opening
for the passage of objects to be coated and an

- apertured die beyond and in line with said

bricant to its inner surface, sa1
provided with means for cooling it.
In testimony whereof I affix my signature,
in the presence of two witnesses.
J. F. MONNOT. -

opening, having means for su}:fl(ﬂi:fua lu-
1t

Witnesses:
H. M. MARBLE,
K. G. Lk Arp.
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