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MANUFACTURE oFALLOY STEELs. 
So Drawing. 

This application is a continuation in part 
of my copending application, Seria) No. 
543,082, filed March 11, 1922. 
The present invention relates to manu 

facture of alloy steels, and more particular 
ly to the reduction of the alloying elements 
ity from their ores, and the produc 
tion of the respective allow steels, without 
the introduction of excess carbon in the 
finished steel. 
The process of the present invention is 

particularly applicable to the making of 
chrome steel, whereby the major portion, if 
not all, of the chromium is introduced into 
the steel by its direct reduction from an 
unreduced chromium compound, such as 
chrome ore, added to the bath in the steel 
making furnace. - . 
In the manufacture of alloy steels, under 

the practice heretofore prevalent, the alloy 
ing elements, in the already reduced metal 
lic state, mostly in the form of a ferro-alloy, 
are added to a molten bath of steel. For 
example, to obtain the respective steels 
thereof, ferro-manganese, ferro-chromium, 
ferro-titanium, ferro-tungsten, ferro-vana 
dium, ferro-uranium, ferro-molybdenum, 
ferro-nickel or metallic nickel and ferro 
cobalt or cobalt metal, are added to steel, 
in the molten state in the furnace, or after 
it is tapped in the ladle. As the regular 
commercial grades of such ferro-alloys con 
tain an appreciable amount of carbon, this 
Erie introduces an undue amount of car on in the steel. . If special grades of low 
carbon ferro-alloys are used, the cost of such alloys is comparatively so high as to pro 
hibitively increase the cost of steel pro 
duced. These defects are especially ap 
parent in the case of steels where the con 
tent of the alloying element has to be high 
and the carbon content low, as in the case 
of the so-called “stainless' steels, which 
have a chromium content of between 9 and 
15% and a low carbon content. It is not commercially practicable to use 
the regular high carbon ferro-alloys, and 
then decarbonize the steel after their addi 
tion, as the process of oxidizing the carbon 
is accompanied by an oxidation, and conse 
quent waste, of the valuable alloying ele 
ments. 
Another deficiency of the existing methods 

of manufacturing alloy steels, by the addi 
tion of metallic E. to molten steel, 
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loy being added in the solid state in the 
form of lumps scattered over the surface of 
the molten steel, causes points of concentra 
tion of the alloying element at the location 
of each of the lumps. As the steel is tapped 
immediately after melting of the lumps in 
order to avoid an umdue oxidation of the 
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alloying element, these points of higher con 
centration have no opportunity to equalize 
themselves over the entire mass of metal by 
diffusion. Moreover, the ferro-alloys have 
various constituents of different melting 
points and degrees of solubility, as for ex 
ample the carbides in the ordinary grades 
of alloy. Such carbides have a higher melt 
ing point than the remainder of the alloy. 
Such a carbide-containing ferro-alloy, when 
added to molten steel, will have the result 
that when the rest of the alloy will be com 
pletely assimilated, the carbide content will 
still be in the solid state, floating in the 
molten steel, without giving up its alloy. 
ing element content to the bath. Such solid particles with a high alloying element con 
tent will persist in the steel on solidification 
and present segregations. - 

overcome the above mentioned difficul 
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ties by adding the alloying element to the 
bath in the form of the oxide or ore and re 
ducing it with a reducing agent contained 
in the molten steel. The reducing agent and 
the alloying material are added separately. 
This permits the reducing agent, as for ex 
ample, silicon, to be incorporated into the 
metal bath unmixed with the alloying ma 
terial, and permits the alloying mate 
rial, as for example, chrome ore, to be in 
corporated into the slag unmixed with the 
reducing agent. The reducing agent and 
alloying material can therefore each become 
disseminated through its own layer of the 
bath, and the reaction between them will 
then take place at the contact surface be 
tween the metal and slag layers. Moreover, 
the separate addition of the reducing agent 
and the alloying material permits one to be 
added prior to the other. It is preferred to 
add either the reducing agent or the alloy 
ing material long enough prior to the addi 
tion of the other, so that the one first added 
may have an opportunity to be disseminated 
before the addition of the other. For ex 
ample, if the alloying ore such as chromite 
is added first, it will become disseminated 
throughout the slag layer, and as it is in the 

is the phenomenon of segregation, The al- oxide form the chromium cannot be burned 
My 

85 

90 

05 

100 

105 

O 



10 

15 

20 

25 

30 

35 

50 

during the dissemination time. Or if the reducing agent, such for example as silicon, 
is added first, it can become disseminated 
through the steel layer before the alloying 
ore is thrown onto the slag. When the 
alloying ore is thrown onto the slag layer 
it becomes diffused in it and meets the re 
ducing agent at the surface of contact be 
tween the slag and steel, the reaction taking 
place over the entire contact surface. The 
reduced alloying metal in its nascent state 
is in contact with steel bath, and therefore 
the best conditions are obtained for the 
alloying and uniform disseminating of the 
alloying metal throughout the steel. The 
alloying element is obtained from a cheap 
source. The introduction of carbon and 
segregation are avoided in the finished steel. 
The action of the alloying oxide or ore in 

oxidizing the reducing agent in the steel and 
action of the added fluxing material, gen 
erally lime, in absorbing and neutralizing 
the oxidized reducing agent together with 
undesirable metalloids, such as phosphorous 
and sulphur, causes a refining of the steel 
to take place simultaneously with the pro 
duction of the alloy. 
The process may be carried out in the 

following manner 
The steel, to which the alloying element 

is to be added, is first brought to a molten 
condition, in an ordinary steel making fur 
nace, such as an open-hearth furnace, elec 
tric furnace, or other suitable furnace. 
Next, the reducing agent, which may be a 
carbonaceous material for instance in the 
form of metal carbide, such as pig iron, or 
wash metal, or which may be a so called 
metallic reducing agent, such as silicon or 
its alloys, such as ferro-silicon, manganese, 
calcium, magnesium, or the like or their 
alloys, is added to the bath of molten steel 
and sufficient time allowed for its complete 
assimilation through the body of the molten 
metal. These so called “metallic' reduc 
ing agents have an exothermic reaction with 
the oxides of the alloying metals and may 
therefore be referred to as exothermic re 
ducing agents. . 
The ferro-alloys of the reducing agents, 

and particularly ferro-silicon, have sufficient specific gravities, such that they usually 
sink immediately through the slag layer to 
the metal layer. However, the physical 
condition, such as the size of the pieces, may 
influence the readiness with which thesex 
ferro-alloys pass through the slag layer. In 
case the pieces are relatively fine, they may 
float on the slag in spite of their greater 
specific gravity until they melt and trickle 
through the molten slag to the metal layer. 
The relatively pure reducing agents have, 
ferro-alloys, and consequently, may not be 
come incorporated into the metal layer un 
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til after they have become molten. In or 
der to facilitate the sinking of the reduc 
ing agent through the slag layer, the fluid 
ity of the slag layer may be controlled by 
the proper selection of fluxing materials. 
The quantity of this reducing agent added 

is figured sufficient to reduce the required 
percentage of the alloying element from 
the raw material containing it to be added 
in the next step of the process. The al 
loying raw material in the right propor 
tion or in slight excess is then i.e., pref 
erably in the presence of lime, or lime, 
fluor-spar and borax as a flux. The pur 
P and function of the flux is to produce 
a Sa. 
containing the alloying element, and is of 
such a nature as to effectively remove by 
chemical combination the product formed 
by oxidation of the reducing agent, for ex 
ample, in the case of chromite which is in its 
natural state highly refractory and chemi 
cally inert, the flux combines with the 
gangue, (which consists principally of silica, 
alumina and magnesia) to form a molten 
slag leaving the chromium and iron oxides 

g with the gangue of the raw material 
C0 

g 

in a condition amenable to reduction. The 
slag containing the fluxing material is 
capable of absorbing the silica produced by 
the oxidation of the silicon content of the 
metal bath when silicon is employed as the 
reducing agent. The practical result 
achieved by the flux, therefore, is the re 
moval of the presence of the reducing agent 
in the finished steel. For example, a line 
flux combines with and neutralizes the sili 
con oxide formed when silicon is the reduc 
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ing agent. The specific gravity of the raw 
alloying material is such that it remains in 
the slag layer. This raw material and flux 
combining at the temperature of the furnace 
form a supernatent, non-metallic, liquid 
layer over the molten body of metallic steel 
and in contact with it. The reducing re 
action then proceeds at the surface of con 0 
tact of the non-metallic and metallic liquid 
bodies. At the end of this reaction period 
the temperature in the furnace may be 
raised, in the case of an electric furnace, 
for instance, by increasing the current 
density and voltage, in order to eliminate the 
last traces of the reducing agent in the fin 
ished steel, accelerating the effect produced 
by the fluxing agents added for this purpose. 
At the ordinary refining temperatures, the 

silicon and chronium are more readily oxi 
dized than carbon, and the carbon is there 
fore difficult to eliminate. However, when 
the temperature is increased, as above de 
scribed, the speed of reaction between oxy 
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gen and carbon is increased relatively more 
than the speeds of reaction between oxygen 

however, smaller specific gravities than their and silicon and oxygen and chromium, so 
that the effect of increasing the furnace ten 
perature before tapping is to cause an elimi 13) 
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nation of the carbon relatively greater than 
that of silicon and chromium. This is of 
particular importance in the production of 
very low carbon chrome steels or irons. The ordinary refining temperatures are about 
from 1500 to 1600 degrees C. for an electric 
furnace or 1400 to 1500 degrees C. for a fuel 
heated open hearth furnace. The tempera 
ture increase above described is usually from 
about 50 to 250 degrees above the usual re 
fining temperatures. In the case of car 
bon which, of course, is always a reducing 
agent, the increase in temperature will elimi 
nate it down to .1 to .06% or even lower. 
Where there are two reducing agents pres 
ent, such as carbon and silicon, the increased 

40 

ducing the reducing 

temperature will eliminate both of them, the 
carbon to .1 to .06%, and the silicon to about 
the same degree. 
In general it is preferred to add the reduc 

ing agent to the molten steel first, then add 
ing the raw material containing the alloy 
ing element. The tolerance limits in the 
finished steel of elements such as carbon or 
'silicon, forming the reducing agent, are usu 
ally much narrower than the tolerance lim 
its of the alloying element, and by intro 

agent first, limits may 
be accurately controlled by successive addi 
tions of raw alloying material until the pres 
ence of the reducing agent is eliminated to 
the desired extent. On the other hand, if the 
tolerance limits for the alloying element are 
narrow, the order of procedure may be re 
yersed, and the raw Eg element contain 
ing material may bec 

then in successive portions, until the desired 
limit of alloying is effected. 
While it is usually preferred to first form 

the molten bath by melting down the charge 
so as to form the steel layer and slag layer 
and then to add the reducing agent and un 
reduced ore to the respective layers, it will be 
obvious that the reducing agent and ore may 
be otherwise incorporated into their respec 
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tive layers of the bath. For example, the re 
ducing agent, such as a silicon reducing 
agent, may be introduced into the furnace 
along with the unmelted charge, so that the 
reducing agent becomes incorporated into 
the metal layer along with the melting 
charge. . Similarly, a portion, or perhaps 
all of the ore, may be added to the furnace 
along with unmelted charge materials, and 
because of its specific gravity will become in 
corporated into the slag layer upon the melt 
ing of the charge materials. 
The most generally adopted metallic re 

ducing agent is ferro-silicon. However, sili 
con metal or any other silicon alloy such 
as a silicon alloy containing one of the 
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alloying metals may also be advanta 
geously used. For instance, in the case 
of the manufacture of so-called “stain 

present in the steel bath of 
used, in which case during the reduction op 
eration. a simultaneous refining of the origi 

- charged first together 
with the flux, and the reducing agent charged 
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less' steel a silico-chromium alloy may be 
incorporated in the molten steel and its sili 
con content utilized to reduce a further 
quantity of chromium from chrome ore add 
ed to the bath. This procedure is especially 
ing a high percentage of the alloying ele 
ment. 

In the case of alloy steels containing a plu 
rality of alloying elements, this procedure 
may be carried out in the same manner, the 
raw materials in the right proportions, con 
taining the plural alloying elements, being 
charged together on top of the moltenbath of 
steel containing the reducing agent. In such 
cases a flux may be separately added or the 
raw alloying materials, maybe selected of such composition as to have in their gangue 
the necessary fluxing components. 
Also a plurality of reducing agents may 

be used such as a mixture of carbonaceous 
and metallic reducing agents or several dif 
ferent metallic reducing agents. 
stance a ferro-silicon alloy containing car 
bon may be used, both its silicon and carbon 
contents being utilized for the reduction pur 
pose. Also any reducing agents originally 

nal steel will take place. Also the fluxes add 

o 
advantageous in the case of a steel contain 

it. 
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For in- . 

it 

may be effectively 

ed with the alloying-element-containing raw 
material will have the secondary 
fining the steel of the metalloid contents such 
as sulphur and phosphorus simultaneously 
with the reducing operation. 

If desired, after reduction of the alloying 

effect of re 

it) 

element or elements in the steel, a small quantity of additional ferro-silicon or ferro 
manganese may be added as a deoxidizing 
cleanser, before tapping, as is the common 
practice in making alloy steels. 

. 

The advantages of this process of alloying 
are especially marked in the case of using 
silicon as a reducing agent, and producing 
chrome steels with a high alloy content and 
very low carbon content. As such an in 
stance may be cited the manufacture of so 
called “stainless” iron containing 9 to 15%. 
chronium and less than 0.1% carbon. Also 
the advantages of this process are apparent 
in the case of alloying a highly oxidizable 
and difficultly soluble element as uranium in 
steel. The alloying element being produced 
in the nascent state and directly in contact 
with the steel, the chances of its oxidizing 

t 

or not dissolving are reduced to a minimum. 
Also, as the carbon content of the finished 
steel can be eliminated to any desired extent, 
simultaneously during the process of reduc 
ing, the exact percentage of carbon in the 
finished alloy steel can be arrived at more. accurately by recarburizing before tapping. 
In the case of metallie reducing agents E. 
used their presence in the finished steel is 
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practically eliminated by the action of fluxes. 
Thus by the process of this invesition a steel of predetermined given composition can be 
more accurately Red than by the use of ferro-alloys. Also by this process, as the 
valuable alloying elements do not exist at 
any time in the metallic state, unless dis 
solved and alloyed in the steel itself, and as 
after their solution in the steel there is no 
occasion to subject such steel to an oxidizing 
process for removal of carbon, for instance, 
as in the older processes, there is no loss suf 
fered through oxidation, rendering the pro 
cess extremely economical. 
While certain features of the present proc 

ess, and particularly the substantial elimina 
tion of the reducing agents by increasing the 
final furnace temperature, are novel and use 
ful in the manufacture of various alloy steels, 
the present invention is particularly appli 
cable to the production of chrome steel in 
which a substantial quantity of chromium 
is introduced into the steel. The chromium 
content is furnished principally, if not en 

3 tirely, by the chrome ore which is charged 
into the slag layer and which reacts with 
the silicon reducing agent in the metal layer 
to thereby directly reduce the chromium 
from the ore to the metallic state in the 
bath of the steel-making furnace. While 
the chromium ore charged into the slag 
contemplated as being the principal, if not 
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the entire, source of the chromium, minor 
EEE of chromium may be introduced 
y some of the other constituents added to 

the bath. 
As above pointed out, the chromium is 

supplied from a very cheap source, and the 
mecessity of employing a relatively expen 
sive chromium alloy as the source of chro 
mium is obviated. Moreover, the treatment 
permits the production of a low carbon 
chrome steel and when desired, also a low 
silicon chrome steel. 
The term “steel” as herein employed is 

intended as a term of general description and 
not of limitation, and is intended to include 
the so-called “stainless irons' which are, 
in reality, steels having very low carbon and 
metalloid contents. The term "chrome steel' 
is also intended as a term of general de 
scription, and not of limitation, and is n 
tended to include steels having chromium as 
the principal alloying metal, although con 

5 5 taining other alloying metals. The expression silicon reducing agent' 
is intended as a term of general description 
and not of limitation, and is intended to in 
clude not only substantially pure silicon, but 
also alloys of silicon with other metals or 
metalloids. 
The silicon and chrome ore may be in 

whole or in part incorporated into their re 
spective layers of the bath, either before or 
during the maintenance of the reaction tem 
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perature in the furnace, and I therefore do 
not intend to limit my claims, except when 
specifically stated therein, to any particular 
sequence of steps of incorporating the reduc 
ing agents, and unreduced compounds and 
the maintenance of the reacting temperature. 
While my process is particularly appli 

cable to the production of chrome steel, it 
may be employed in the production of alloy 
steels in general and especially to steels con 
taining an alloying metallic element of the 
sixth group of the periodic system, such me 
tallic elements being chromium, molybdenum, 
tungsten and uranium. s 
While the preferred method of carrying 

out, my process has been specifically 
Scribed, it is to be understood that the inven 
tion is not limited to all of the described 
details, but may be otherwise embodied in 
processes of making alloy steels, within the 
£cope of the following claims. 

I claim: . 
1. The process of making chrome steel, 

comprising forming a molten bath of steel 
having a metal layer in which is incorpo 
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80 
de 

85 

0. 

rated a silicon reducing agent and a slag 
layer in which is incorporated an unre. 
duced chromium compound in an amount 
sufficient to furnish the major portion, 
if not all, of the chromium content of 95 
the steel, and maintaining the bath at a . 
temperature sufficient to cause a reaction 
between the reducing agent in the metal 
layer and unreduced chromium compound in 
the slag layer to thereby reduce in the bath 
chromium directly from its unreduced com 
pound substantially as described. 

2. The process of making chrome steel, 
comprising forming a molten bath of steel 
having a metal layer in which are incorpo 
rated silicon and carbonaceous reducing 
agents and a slag layer in which is incorpo 
rated an unreduced chromium compound in 
an amount sufficient to furnish the major 
portion, if not all, of the chromium content 
of the steel, and maintaining the bath at a 
temperature sufficient to cause a reaction be 
tween the reducing agents in the metal layer 
and the unreduced chromium compound in 
the slag layer to thereby reduce in the bath 
chromium directly from its unreduced com 
pound, substantially as described. 

3. The process of making chrome steel, 
comprising forming a molten bath of steel 
having a metal layer in which is incorpo 
rated a silicon reducing agent and a slag 
layer in which is incorporated an unreduced 
chromium compound in an amount sufficient 
to furnish the major portion, if not all, of 
the chromium content of the steel and a flux 
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125 
ing material which removes by chemical 
combination the silica produced by the oxida 
tion of the silicon together with objection 
able metalloids such as sulphur and phos 
phorous, and maintaining the bath at a tem 30 
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perature sufficient to cause a reaction be 
tween the reducing agent in the metal layer 
and unreduced chromium compound in the 
slag layer to thereby reduce in the bath 
chromium directly from its unreduced com 
pound and simultaneously refine the steel, 
substantially as described. 

4. The process of making chrome steel, 
comprising forming a molten bath of steel 
having a metal layer and a supernatant slag 
layer, adding to the bath a silicon reducing 
agent of such specific gravity that it sinks 
through the slag layer into the metal layer 
and an unreduced chromium compound of 
such specific gravity. that it remains in the slag layer, the chromium compound being in 
an amount sufficient to furnish the major 
portion, if not all, of the chromium content 
of the steel, and maintaining the bath at a . 
temperature sufficient to cause a reaction be 
tween the reducing agent and the unreduced 
chromium compound to thereby reduce in the 
bath chromium directly from its unreduced 

- compound, substantially as described. 
25 5. The process of making chrome steel, 

comprising forming a bath of steel having a 
metal layer and a supernatant slag layer, 
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an unreduced chromium compound in an 

adding separately to the metal layer a silicon reducing agent and to the slag layer an un 
reduced chromium content in an amount 
sufficient to furnish the major portion, if not 
all, of the chromium content of the steel, and 
allowing sufficient time between to permit 
the one first added to become dissentinated whereby segregation of the chromium is 
avoided, and maintaining the bath at a tem 
perature sufficient to cause a reaction setween 
the reducing agent in the metal layer and 
unreduced chromium compound in the slag 
layer to thereby reduce in the bath chro 
mium directly from its unreduced com 
pound, substantially as described. 

6. The process of making chrome steel, 
comprising forming a molten bath of steel 
having a metal layer and a supernatant slag 
layer, and adding separately to the metal 
layer a reducing agent and to the slag layer 
amount sufficient to furnish the major por 
tion, if not all, of the chromium content of 
the steel, the one containing the element 
whose percentage is to be most accurately 
controlled in the finished steel being added 
first, and maintaining the bath at a tem 
perature sufficient to cause a reaction be 
tween the reducing agent in the metal layer 
and unreduced chromium compound in the 
slag layer to thereby reduce in the bath 

60 

(65 

chromium directly from its unreduced com 
pound, substantially as described 

. 7. The process of making chrome steel, 
comprising forming a molten bath of steel 
having a metal layer in which is incorporated 
a silicon reducing agent and a supernatant 
slag layer, thereafter adding to the slag 

tially as described. 

layer an unreduced chromium compound in 
an amount sufficient to furnish the major 
portion, if not all, of the chromium content 
of the steel, and maintaining the bath at a 
temperature sufficient to cause a reaction be 
tween the reducing agent in the metal layer 
and the unreduced chromium compound in 

- the slag layer to thereby reduce in the bath 
chromium directly from its unreduced com 
pound, substantially as described. 

8. The process of making chrome steel con 
taining other alloying metals, comprising 
forming a moltenbath of steel having a 
metallayer in which is incorporated a silicon 
reducing agent and a slag layer in which 
are incorporated unreduced compounds of 
chromium and the other alloying metal or 
metals in amounts sufficient to furnish the major portion, if not all, of the alloying 
metal contents of the steel, and maintaining 
the bath at a temperature sufficient to cause 
a reaction between the reducing agent in the 
metal layer and unreduced alloying metal 
compounds in the slag layer to thereby re 
duce in the bath the alloying metals directly 
from their unreduced compounds, substan 
tially as described. 

9. The process of making alloy steel, com 
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prising forming a moltenbath of steel hav 
ing a metal layer in which is incorporated s. 
reducing agent and a slag layer in which is 
incorporated an unreduced compound of the 
alloying metal, maintaining the bath at . 
temperature sufficient to cause a reaction be 
tween the reducing agent in the metal layer 
and the unreduced compound of the alloy 
ing metal in the slag layer to thereby direct 

reduce the alloying metal in the bath, and 
nally increasing the temperaturesufficient 

ly to substantially eliminate any reducing 
agents from the finished steel, substantially 
as described. 

10. The process of making an alloy steel 
containing as an alloying metal a metallic 
element of the sixth group of the periodic 
system, comprising forming a molten bath 
of steel having a metal layer in which is 
incorporated a silicon reducing agent and 
a slag layer in which is incorporated an un 
reduced compound of the alloying metal in 
an amount sufficient to furnish the major 
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portion, if not all, of the said alloying metal . 
content of the steel, and maintaining the 
bath at a temperature sufficient to cause a 
reaction between the reducing agent in the 
metal layer and the unreduced alloying 

120 

metal compound in the slag layer, to thereby 
reduce in the bath, the alloying rietal direct ly from its unreduced compound, sufbstan 

11. The process of making an alloy steel 
containing as an alloying metal a metallic 
element of the sixth group of the periodic 
system, comprising forming a moltenbath 
of steel having a metal layer in which is in 
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corporated a reducing agent and a slag layer 
in which is incorporated an unreduced com 
pound of the alloying metal in an amount 
sufficient to furnish the major portion, if not 

the unreduced alloyin 
0 

all, of the said alloying metal content of the steel, and maintaining the bath at a temper 
ature sufficient to cause a reaction between 
the reducing agent in the metal layer and 

metal compound in 
the slag layer, to thereby reduce in the bath 
the alloying metal directly from its unre 
duced compound, substantially as described: 
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12. The process of making an alloy steel 
containing as an alloying metal a metallic 
element of the sixth group of the periodic 
system, comprising forming a moltenbath 
of steel having a metal layer containing a 
reducing agent and a supernatant slag layer, 
thereafter adding to the slag layer an un 
reduced compound of the alloying metal in 
an amount sufficient to furnish the major 
portion, if not all, of the said alloying metal 
content of the steel, and maintaining the 
bath at a temperature sufficient to cause a 
reaction between the reducing agent of the 
metal layer and the unreduced compound in 
the slag layer, to thereby reduce in the bath 
the alloying metal directly from its unre 
duced compound, substantially as described. 

13. The process of making chrome steel. 
comprising forming a molten bath of steel having a metal layer and a slag layer in 
which slag layer is incorporated an unre 
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duced chromium compound in an amount 
sufficient to furnish the major portion, if 
not all, of the chromium content of the 
steel, thereafter adding a silicon reducing 
agent to the metallayer, and maintaining the 
bath at a temperature sufficient to cause a - 
reaction between the reducing agent in the 
metal layer and the unreduced chromium 
compound in the slag layer, to thereby re 
duce in the bath chromium directly frofm its 
unreduced 
scribed. 

14. The process of making an alloy steel 
containing as an alloying metal a metallic 
element of the sixth group of the periodic 
system, comprising forming a molten bath 
of steel having a metal layer and a slag layer 
in which slag layer is incorporated an un 
reduced compound of the alloying metal in 

compound, substantially as de 
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an amount sufficient to furnish the major 
portion, if not all, of the said alloying meta. 
content of the steel, thereafter adding a re 
ducing agent to the metal layer, and main 
taining the bath at a temperature sufficient 
to cause a reaction between the reducing 
agent in the metal layer and the unreduced 
compound in the slag layer, to thereby re 
duce in the bath the alloying metal direct 
ly from its unreduced compound, substan 
tially as described. 

In testimony whereof I have hereunto set 
my hand. 

BYRAMJI D. SAKLATWALLA. 
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