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To all whom it may concern: 
Be it known that we, HANS GoLDsCHMIDT, 

manufacturer, and FELIX LANGE, architect; 
both subjects of the King of Prussia, Ger 
man Emperor, and residents of Essen-on 
the-Ruhr, in the German Empire, have in 
vented certain new and useful Improvements 

O 

in the Process of Uniting Metals, of which 
the following is an exact specification. 
This invention relates particularly to the 

joining or welding of rails, girders, bars and 
similar articles by means of superheated 
nolteh metal, by which in the present speci 
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fication we mean metal which is brought to 
a Superheated molten condition as the result 
of melting or reduction when within the 
Zone of the reaction resulting from the igni 
tion of a mixture of aluminum and a com 
pound of a metal reducible by such ignition 
of its compound in the presence of alumi 
num. In welding by this alumino-thermal 
process it has been found in practice that 
the superheated molten metal is cooled con 
siderably when brought into contact with 
the rail or other article and the mold, owing 
to the coolness of such article and mold. In 
order to prevent this and at the same time 
reduce the quantity of superheated molten 
metal which is necessary to produce the de 
sired result, and in order also to make the process of joining and welding as cheap as 
possible, the mold spaces formed between the 
mold and the metallic article to which the 
superheated molten metal is to be connected 
should be as narrow as possible. When 
this is done, the exposed surfaces of the mold 
and the rail or other article are very large as 
compared with the quantity of superheated 
molten metal to be used, and therefore it is 
necessary to protect the superheated metal 
from the cooling action of these surfaces, or 
a larger quantity of the superheated metal 
will be necessary to complete the joining or 
welding process. . . . . . 
According to our invention, the metal part 

to which the superheated metal is to be 
joined has a mold placed in juxtaposition 
therewith, preferably in such a manner as 
to form a continuous narrow channel or 
channels, the mold preferably surrounding 
all of the Siurfaces exposed to the action of 
such superheated metal. This mold is pref 
erably provided with two openings, one of 
which constitutes an inlet, and the other an 
outlet, through which heated gas may be 
forced for the purpose of heating the walls 

of the mold-space and the metal part or 
parts inclosed thereby. The inlet opening 
may be connected to the blower of a black 
Smith's forge or other means for causing a 
current of highly heated gas to pass or be 

60 

forced through the channel or channels : 
formed by the mold. These gases highly 
heat the metallic part or parts inclosed by 
the mold, and these parts and the inner 
surfaces of the mold both are preferably 
brought to a bright red heat. The connec 
tion between the mold and the source of 
heated gas is then broken and superheated 
metal, preferably soft steel produced by the 
EEY process, is run into the 
mold. This superheated metal thus run 
into the mold serves to connect the ends of 
a pair of rails or to add metal to a single 
rail or other part in a very perfect manner 
and in a very cheap way, because only a 
Small quantity of the soft superheated steel 
or other Superheated metal is necessary to 
aecomplish the desired result, the cooling 
action of the mold and of the adjacent sur. 
face or surfaces of the metal part or parts 
being reduced to the minimum by such heat 
ing of the mold and metal part or parts to a bright red heat. 
We are aware that in the employment of 

the alumino-thermal process the heating of 
the metal part or parts has heretofore been 
practiced, but our invention is distinguished 
therefrom in that highly heated gas is forced through the mold-space, preferbly through 
ES space consisting of a series of narrow 

channels, which are afterwards filled with 
superheated metal for the purpose of filling 
out a solid metal part or uniting two metal 
articles. The effect which results from the 
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running of superheated steel or other metal 
into a heated mold which is in juxtaposition 
with or incloses the highly heated metallic 
surface or surfaces is very different from 
that which results when ordinary molten 
iron is run into a heated mold in juxtaposi 
tion with a heated metallic surface or sur 
faces. In this case the only advantage 
which results is that the temperature of the 
cast iron is not materially reduced. When 
a heated mold and a heated metallic surface. 
or surfaces are used in combination with 
superheated molten steel produced by the 
alumino-thermal process, the following ad ditional advantages result in operating upon 
steel rails or similar articles: first, the qual 
tity of the rails is not impaired, as has been 
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the case heretofore, and second, narrow aluminum and a 
channels between the mold and the rails may 
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be employed without risk of hardening the 
molten steel. In addition to these important 
results the cost is very much reduced by the 
process forming the subject-matter of this 
invention, as compared with the cost of such 
work done by the process heretofore used. 
In the ordinary process of melting iron or 
steel lie amount of metal to be melted for 
the i spose, for example of surrounding 
the ends of two rails with inolten cast iron, 
is of Secondary importance, because in this 

: process it is not the quantity of molten iron 
5. 

process, this cost being, chiefly determined 
which chiefly determines the cost of the 

only by the fact that it is necessary to melt 
cast iron in a furnace in order to carry out 
the process. This fact and the expense of 

20. Working determine the cost of such process, 
" and the quantity of cast iron used in the 
extent. 
process affects the cost only to a very slight 

The conditions are quite different 
when such rails are, to be joined by the 
alumino-thermal process, for then the cost 
depends chiefly upon the quantity of the 
superheated metal which it is necessary to 
use, and it is of the utmost importance in 

to be filled thereby to the minimum. 

such process to reduce the quantity of such 
30 Superheated metal and the size of the space 

Hence 
the mold space should be formed as narrow 
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channels continuous with one another, and 
preferably extending in one direction. 
With regard to the quality of the rails 

after they are subjected to the present proc 
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ess, we have found that the heating of the 
mold and such rails or other parts to a red 
heat before the superheated molten metal is 
run into the mold prevents the blistering of 
the steel, whereas, when this superheated 
molten steel or iron is run into the mold 
without any previous heating of such mold 
the steel of the rails has often suffered a 
great deal. 

It will be obvious that in the common cast 
ing process used hitherto there is no danger 

50 
of changing the quality of the steel of the 
rail, because the temperature of the cast-iron 
is too low. s 
Having thus clearly described the princi 

pal part of our invention, it is still neces 
sary to describe the secondary part thereof, 

55 
the object of which is to still further reduce 
the difference in temperature between the 
superheated molten metal and the highly 
heated rail or other article to be welded, and 
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thus to obtain better results both with re 
spect to the quality of the metal at the point 
of welding and also with respect to the cost 
of the joint. According to this part of our 
invention, not only the mold and rail or 
other metal article are to be heated before 
the Superheated molten steel or other metal 
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metallic compound fron) 
which iron or steel is to be reduced also co 
tains pieces of iron or steel which have been 
previously heated. When the alumiyo-the 
lmal reaction takes place at the iro) or steel 
is 'educed from the mixture the excessive 
temperatul'e 'estting from the reaction is 
reduced by the presence of these pieces of 
iron Ol' steel, and the voline of the note) 
metal resulting from the iglition of the niss 
is increased. These pieces of iron or steel 
may be heated in any suitable anner, the 
most obvious source of heat for such pre 
liminary heating being the hot gases from 
the blackSmith's fire. Usually these pieces. 
which are pieces of Wrought-iron or steel, 
are heated in a shallow vessel to a bright, 
heat and afterward thrown into the super 
heated molten metal resulting from the re 
action of aluminum and ferric oxid or similar 
compound. Said pieces may, however, be 
placed in the mixture of finely divided alu 
minum and felric oxid after which such mix 
ture may be ignited. There is a further dif 
ference between the old process and the pres 
ent One, to wit, that it is no longer necessary 
to vary the quality of the steel resulting 
from the alumino-thermal process by the ad 
dition, for example, of silicon and manga 
nese, which additions have been necessary 
heretofore in order to obtain a good connec 
tion between the superheated metal and the 
rail. 
Our invention may be carried out by 

means of an apparatus such as that show 
in the accompanying drawings, in which 
Figue 1 is a transverse sectional elev: . 

tion of a nold and a crucible or similar re 
ceptacle for the sup(rheated molten net: : 
Fig. 2 is a siniilar view of a mold and a 
source of heated gas and illust'ites a nodi 
fication of the invention: Fig. 3 is a trans 
verse sectional elevation illustrating another 
modified type of moid; IFig. 4 is a sectional 
plan of the source of heated gas, the section 
being taken in the line 4-4, Fig. 2. 

Similar characters designate like parts in 
all the figures of the drawings. 

(, l'epresents a mold which is placed in 
juxtaposition with and is preferably clamped 
to the part or parts to be welded. Iere, two 
rails are surrounded by a mold which is 
made in two parts and has passages e, e, and 
e' constituting portions of the mold space. 
The ingate of the mold is shown at f, and is 
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a channel communicating with the channel 
e'. Between this ingate and the rail a bar 
rier, Such as a , (see Fig. 2) is placed so that 
there is a complete separation between the 
mold and the outlet therefrom when the mold 
is to be heated. The ingate f of the mold is 
such only when metal is to be run into the 
mold and during the heating of the mold 
constitutes in the present instance the outlet 

65, is run, into the mold, but the mixture of for the heated gas, the main mold-space con 30 
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Fig. 1. Instead of the barrier a? a piece of 
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is preferably made air-tight, as by a ring of 
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stituting the inlet at such time. When the 
mold and the rails are to be heated, a pipe, 
such as r, leading from a Smith's forge, such 
as c, is connected with the opening m, that 
is, with the main mold-space formed by in 
terposing the barrier a between the ingate f 
and the other channels of the mold. The 
connection between the mold and the pipe r 
clay m, and afterward a current of hot gas is 
forced into the mold through the channel 
e, e, e and f. When the rails or other parts 
to be joined have reached a bright red heat 
and the mold is of a corresponding, tempera. 
ture the pipe and the barrier a’ are removed 
and the mold assumes the form shown El 
sheet-iron, such as b (see Fig. 3) may be 
used, this being afterward melted by the 
superheated slag resulting from the alumino 
thermal process. 
At the same time that the mold and metal 

parts are heated a crucible should be filled 
with a mixture of granulated aluminum and 
oxid of iron. In this mixture a quantity of 
wrought-iron or steel (for example thirty 
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per cent. of the weight of such mixture) may 
be placed. If this iron or steel is strongly 
heated before it is placed in the crucible the 
quantity used can be still further increased. 
The mixture thus made is then ignited in the 
well-known manner and a regulus of molten 
iron or steel sinks to the bottom of the cruci 
ble and the mass of molten slag remains in 
the upper part of the crucible. The soft steel 
reduced by the alumino-thermal process and 
resulting from the melting of the wrought 
iron or steel by the superfluous heat of the 
reaction is then run into the ingate. f of the 
mold to fill such mold. This may be effected 
by pushing up an iron stopper p, which may 
be a wire nail filling a tap-hole in the bottom 
of the crucible . The whole mass of the 
molten steel will then flow through this tap 
hole into the ingatef and fill the same, and 
will flow over this ingate through the pas 
Sages e”, e', and e into the mold. The free 
spaces of the mold are of such size that the. 
rail or other metal part is almost or entirely 
surrounded by the molten steel or metal, and 
such metal part or parts will be heated up. 
by the molten metal to such an extent as to 
form there with a weld or joint. When two 
:ails are placed end to end, and the molten 
metal is run around or between the ends 
thereof, a continuous rail having a homogene 
ous weld at the point of connection results. 
The alumina slag which runs out of the cruci 
ble t after all the molten steel has made its 
exit runs over the opening ofrom which the 
barrier a has been removed, flows over the 
top of the rail or rails, and covers the top of 
the same so as to prevent any loss of heat. 
When pieces of iron or steel heated to a 

red heat are mixed with the welding eonar 
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pound a very high Seng of the same 
can be used, for example, fifty per cent. or 
more by weight of such compound. Because 
of this the quantity of superheated iron or 
steel produced by the present process is dou 
bled, as it is well known that the mixture of 
alumina and oxid of iron ordinarily reduces 
about fifty per cent. of its weight to metallic 
iron. When highly heated wrought iron or 
steel is added to the mixture premature 
solidification of the alumina slag, which re 
sults when cold pieces of metal in the same 
quantity are added, is prevented, and the 
whole mass of molten metal and slag in the 
crucible will remain and run out of the 
crucible in a molten state. 
We deem it desirable to cover the top of 

the metal article or rail with a shield k, 
while the hot gases are being forced through 
the mold from the furnace c, in order to pre 
vent the hot gas from impinging directly 
upon the top of the rail. 

It will be evident that the welding com 
pound or mixture and the crucible v 'con 
taining the same may also be pre-heated if 
desired. By doing so considerable heat is 
saved, which is utilized later in welding or 
melting the bars or other parts operated 
upon. 
One of the principal advantages which 
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results from this improved process is that 
by its means it is possible to unite bars 
which it has hitherto been impossible to 
weld, that is, to join together along their 
sides or other large surfaces bars of consid 
erable cross section or length of cross section. 

It was formerly impossible to produce 
flawless welds in forgings or the like when 
the surfaces to be joined were of consider 
able extent, even when very large quantities 
of the welding compound were used in doing 
so. By this method of welding, in which the 
mold is formed with narrow channels the 
large surfaces of which, and of the rail or 
other part, are heated by hot gas forced 
through the mold, it is practicable to weld 
pieces having a welding surface of great 
length without excessive expense. 
An important feature of that part of our 

process which relates to the addition of 
pieces of wrought-iron or steel to the weld ing compound, is that when such pieces are 
heated sufficiently they can be introduced 
into the Welding compound in the crucible 
in large pieces. These large pieces when 
so heated will melt almost immediately, 
either while the alumino-thermal reaction is 
taking place or immediately after the action 
is complete. In practicing the alumino-ther 
mal process heretofore, when cold wrought 
iron or steel was introduced into the crucible 

essary to introduce such iron or steel in a 
finely divided state. This improved process 

t can be utilized in variouis ways, to remove 
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containing the welding compound it was nec 
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blennishes in forgings, castings, etc., or to 
add parts to them, or to complete their out 
lines. For example should it be desired to 
Weld a broken tooth onto a cog-wheel or to 
make any other addition of superheated 
iron or steel where no direct union of solid 
metal parts takes place, but where such part 
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is merely strengthened by the addition of 
the superheated steel or metal, this process 
can be employed in the manner described. 
In addition to this, it will be noted that the 
means employed for obtaining, the desired 
result is very simple, there being only the 
work and the mold, the channels of which 
serve at first as flues for the hot gas, and 
are then filled up by the molten metal. 

Having thus fully described the nature 
of our invention, what we desire to secure 
by Letters Patent of the United States is:- 

1. The improvement in the art of uniting 
metals, which consists in placing a mold in 
juxtaposition to solid metal with a mold 
space therebetween, then forcing a current 
of heated gas through the mold space, and 
then running superheated molten metal into 
said mold-space and thereby partly fusing 
said solid metal, said superheated molten 
metal and the partly fused portion of the 
solid metal forming when solidified a uni 
form Weld. 

2. The improvement in the art of uniting 
solid pieces of metal, which consists in plac 
ing a mold in juxtaposition to adjacent por 
tions of said pieces of metal with a mold 
space therebetween, then forcing a current 
of heated gas through the mold-space, and 
then running superheated molten metal into 
said mold-space and thereby partly fusing 
said solid pieces of metal, said superheated 
inolten metal and the partly fused portions 
of the solid pieces of metal forming when 
solidified a uniform weld. 

3. The improvement in the art of uniting 
metals, which consists in placing a hold in 
juxtaposition to solid metal with a mold 
space therebetween, then forcing a current 
of heated gas through the mold-space, and 
then running into said mold-space a mixture 
of molten metals, one of which is a super 
heated molten metal and thereby partly fus 
ing said solid metal, said superheated molten 
metal and the partly fused portion of the 
solid metal forming when solidified a uni 
form weld. 

4. The improvement in the art of uniting 
metals, which consists in placing a mold in 
juxtaposition to solid metal with a mold 
space therebetween, then forcing a current 
of heated gas through the mold-space, and 
then running into said mold-space a mixture 
of superheated molten metals and thereby 
partly fusing said solid metal, said super 
heated molten metals and the partly fused 
polition of the solid metal forming when 
solidified a uniform weld. 
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5. The improvement in the art of uniting 
metals, which consists in placing in juxta 
position to Solid metal a mold of such con 
struction as to form therewith a mold-space 
having narrow channels, then forcing a cur 
rent of heated gas through the mold-space, 
and then running superheated molten metal 
into said mold-space and thereby partly fus 
ing said solid metal, said superheated molten 
metal and the partly fused portion of the 
solid metal forming when solidified a uni 
form weld. 

6. The improvement in the art of uniting 
metals, which consists in placing a mold in 
juxtaposition to solid metal with a mold 
space therebetween, igniting a mixture of 
finely divided aluminum and a reducible 
compound of a metal together with rela 
tively large heated pieces of such metal and 
reducing to a superheated molten state the 
metal of Such compound and also such large 
pieces of metal, and then running the super 
heated molten metal into said mold-space 
and thereby partly fusing said solid metal, 
said Superheated molten metal and the 
partly fused portion of the solid metal form 
ing when solidified a uniform weld. 

7. The improvement in the art of uniting 
metals, which consists in placing a mold in 
juxtaposition to solid metal with a mold 
space therebetween, igniting a mixture of 
finely divided aluminum and a reducible 
compound of metal-together with relatively 
large heated pieces of metal and reducing 
to a Superheated molten state the metal of 
Such compound and also such large pieces 
of metal, forcing a current of heated gas 
through the mold-space, and then runnin 
the superheated molten metal into sai 
mold-space and thereby partly fusing said 
solid metal, said superheated molten metal 
and the partly fused portion of the solid 
metal forming when solidified a uniforn 
weld. 

S. The improvement in the art of uniting 
metals, which consists in placing in juxta 
position to Solid metal a mold of such con 
struction as to form therewith a mold-space 
having narrow channels, igniting a mixture 
of finely divided aluminum and a reducible 
('onipound of a metal together with rela 
tively large pieces of such metal and reduc 
ing to a superheated molten state the metal 
of such compound and also such large pieces 
of metal, forcing a current of heated gas 
the superheated molten metal into said mold 
space and thereby partly fusing said solid 
metal, said superheated molten. metal and 
the partly fused portion of the solid metal 
forming when solidified a uniform weld. 

9. The improvement in the art of uniting 
metals, which consists in placing a mold in 
juxtaposition to solid steel with a mold 
Space therebetween, then forcing a current 
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of heated gas through the mold-space, and 
then running superheated molten steel into 

weld. 
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said mold-space and thereby partly fusing 
said solid steel, said superheated molten steel 
and the partly fused portion of the solid 
steel forming when solidified a uniform 

10. The improvement in the art of unit 
ing metals, which consists in placing a mold 
injuxtaposition to solid steel with a mold 
space therebetween, then forcing a current 
of heated gas. through the mold-space, and 
then running into said mold-space a mix 
ture of different kinds of molten steel one 
of which is superheated molten steel and 
thereby partly fusing said solid steel, said 
superheated molten steel and the partly 
fused portion of the solid steel forming when 
solidified a uniform weld. 

11. The improvement in the art of unit 
ing metals, which consists in placing a mold 
in juxtaposition to solid steel with a mold 
space therebetween, then forcing a current 
of heated gas through the mold-space, and 
then running into said mold-space a mixture 

of different kinds of superheated molten 
steel and thereby partly fusing sail solid 
steel, said superheated molten steel and the 
partly fused portion of the solid steel for ul 
ing when solidified a uniform weld. 

12. The improvement in the art of unit 
ing adjoining ends of a pair of solid neal 
bars or rails, which consists in placing a 
mold in juxtaposition to the adjacent ends 
of such solid bars or rails with a mold-space 
therebetween, then forcing a current of 
heated gas through the mold-space, altl ten 
running superheated molten metal into said 
mold-space and thereby partly fusing the 
adjoining ends of said solid rails or bars, 
said superheated molten metal and the partly 
fused portions of the rails or bars forming 
when solidified a uniform weld. 
In witness whereof we have here unto set 

our hands in the presence of two witness's. 
HANS (OIDSCIIM II). 
FELN IANGE. 

Witnesses: 
WILLIAM EssEN WEIN, 
PETER LIEBER. 
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