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1, 1943, Seria No. 49,437 

(C. 5-22) 0 (Ciain's. 

This inventon relates to an in proved method 
of producing metal powders of high alloy con 
tent. This applicat on is a division of prior ap 
plication Serial No. 383,875, filed March 17, 1941. 
In the field of ferrous powder metallurgy there 

is an increasing demand for products of improved 
physical and chemical characteristics. Such as in 
creased tensile strength, corrosion resistance and 
the like. Such improvements aree difficult to 
attain when utilizing relatively pure iron powder 
as a starting material, for any improvement in 
properties which is achieved is secured by ex 
pensive treatments, such as hot pressing and dif 
fusion of secondary constituents, such as carbon 
and the ke, into the iron matrix. 

It is well known in the field of fusion metal 
urgy that the most effective and economical 
method of modifying the physical and physio 
chemical characteristics of ferrous base products 
is to combina predetermined alloy constituents 
with the base metal in the melt so as to secure 
an ult mate alloy of the desired analysis and cor 
responding physical characteristics. In the field 
of powder metallurgy the desirability of utilizing 
alloy powders has been recognized and attempts 
have been made to produce Such products. The 
suggested methods however have been so expen 
sive as to preclude comrhercial production. This 
high expense has been largely due to the fact 
that the production of the alloy has been based 
on a Special treatment of the prefabr' cated iron 
powder, as for example by effecting diffusion of 
One or more Solid phaSe alloying constituentSirto 
the Solid phase iron powder or powder contact. 
The present invention relates to the pred 

tion of special alloy powders by utilizing cheap, 
readily ava labie scrap material containing the 
desired alloy constituents and reducing this ma 
terial to the powder form by utilizing what, for 
the sake of a term, may be called an inherent 
weakness in the starting material. Because of 
the desirable characteristics of stainless steel as 
a superior metal for the production of high 
strength, corrosion and heat resistant products 
this material will be chosen as a medium to illus 
trate the fundamental concept of the invention. 
It will be understood, however, that the inven 
tion may be availed of for the production of pow 
der from any alloys, whether ferrous Or non-fer 
rous, which exhibit the special metallurgical 
characteristics which are utilized as herein de 
Scribed. 

It is known that one of the major shortcom 
ings of austenitic steels of the stainless type Con 
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taining approximately 18 to 25% chromium and 8 55 

to 20% nickel and above .02% carbon is their 
Susceptibility to intergranular corrosion when 
heated to a temperature between about 500° C. 
and 900 C. for an appreciable period of time. 
In these circumstances the cabon which existed 
in metastable solid solution is rejected in the 
form of a chronium-rich carbide in the grain 
boundaries. The steel which is thus sensitized is 
Susceptible to preferential corrosion by a num 
ber of different corrodents. When subjected to 
Such preferent all boundaries become weak and 
the erstwhile massive material is readily crushed 
to a powder. 
The present invention utilizes this intergranu 

lar corrosion susceptibility of such steels to pro 
du2e an alloy steel powder of desirably low car 
bon content. 
Utilizng Such a concept it will be appreciated 

that powders may be produced utilizing cheap 
equipment and with simple technique. In order 
more effectively to explain the invention, a dia 
grammatic illustration, in flow sheet form, is 
shown in the accompanying drawing. 
The essential operations involved in the in 

proved process is a heat treatment or sensitiza 
tion of cheap starting material such as sheet or 
shot and a preferential disintegration of the 
boundary areas, preferably by chemical cor 
rodents, to produce particles corresponding to 
the grain size of the material treated. 
With these major steps there are employed 

other steps, such as mechanical disintegration, 
classification, brightening and/or passivation, 
which improves the product for certain uses. AS 
will be appreciated, the products produced un 
der the principles of the invention may be w de 
ly utilized. The classified or graded powder may 
be utilized either alone or in a blend with iron 
powder to produc3 powder metal compactS. AS 
will be seen more fully hereinafter, chronium 
nickel in alloy powders of extremely low carbon 
content may readly be produced by the new 
method. Such powders may be compacted or 
briquetted with any suitable bonding agents and 
may be employed as an addition agent to an iron 
chromium or iron-nicks chromium melt of a 
relatively high carbon content to Secure an ulti 
mate alloy of a desirably low carbon content. 
The low carbon content of the products pro 

ducible under the invention renders them ex 
cept onally useful for Welding rcds. The powders 
may be compacted to the desired shape and 
coated with suitable fluxing agents to produce 
welding metal of very low carbon analy?is. 
The iron-chromium powders described herein 

  



2 
with peculiar advantage may be mixed or blended 
with predetermined percentages of silver powder 
and then compacted to produce excellent electri 
cal contact material. Since an alloy of 18% of 
chromium and 8% of nickel has the same elec 
trochemical potential as silver such contact ma 
terials present the advantages of high corrosion 
resistance and excellent electrical conductivity. 
In carrying out the invention cheap Source ma 

terial may be utilized. Because of its adequate 
supply, ready availability and low cost stainless 
steel scrap is preferred. This may be utilized in 
the form of borings and turnings, shotted mate 
rial or sheet trim scrap. While not necessary in 
operating the process it is preferably, when sheet 
trim is used, to employ a relatively thin gauge 
scrap since the use of the thin section material 
insures a more rapid and uniform corrosion treat 
ment. It is also desirable to utilize the Cold rolled 
scrap. When hot rolled scrap is employed the 
scale may be removed in a manner Well known to 
those skilled in the art after the heat treatment, 
subsequently to be described, or at any other suit 
able stage in the process. It is also desirable, 
although not essentially necessary, to classify the 
scrap to the extent that stabilized stainless scrap, 
i. e., columbium and titanium bearing stainless 
is culled from the charge. If such preliminary 
classification is not desirable the mixed scrap may 
be employed since the stabilized scrap is readily : 
separable from the Sensitized material during the 
course of the treatment. With certain scrap ma 
terials intergranular corrosion may be acceler 
ated by heating in a carburizing atmosphere, as 
for example in an atmosphere of illuminating gas. : 
As is well known, the grain size of the alloy 

which is utilized as a source material will vary de 
pending upon the thermal and mechanical his 
tory of the scrap. A typical charge of scrap may 
consist only of hot rolled material or cold rolled 
material or a mixture of these two. The cold 
rolled material may also be of different degrees of 
reduction. The particle size and particle size 
distribution required in the ultimate powder may, 
if desired, definitely be established in the charge 
by making this up of predetermined mixtures of 
hot and cold rolled material which latter may it 
self comprise scrap of different degrees of cold 
reduction. Where circumstances so dictate the 
charge may be standardized as to the eventual 
particle size by heat treating the mixed scrap 
prior to the heat sensitizing treatment. This 
step, as will be appreciated, may be carried out in 
the furnace employed for the sensitizing treat 
ment as a preliminary step in the process. As 
will thus be appreciated the process is operable 
with run-of-mill scrap which varies widely in 
length and cross section as well as with smaller 
Scrap, Such as borings, turnings and the like. 

. The process may be carried out with simple 
standard equipment and chemicals and with a 
modicum of labor and control. As shown in the 
drawing the Scrap to be treated is charged to the 
furnace . If desired prior to such charging the 
Scrap may be treated for the purpose of cleaning 
it of hot scale or for any other purpose. To facil 
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itate handling the scrap it preferably is first 
pressed into a relatively loose bale and is charged 
to the furnace in the form of such units. Where 
borings and turnings are employed it may be 
charged to a furnace in a suitable container. 
The furnace may be of any suitable type, such 

as a gas or oil fired furnace. Typical annealing 
furnaces serve effectively. The only essential re 

70 

quirement of the furnace is that it shall be ca- as 

2,381,448 
pable of attaining and holding a temperature in 
the carbide precipitation range, i. e. from about 
500 C. to 900° C. or above. 

In the furnace the charge of scrap is heated 
up to the carbide precipitation range and held 
within that range, preferably with cyclic varia 
tions, for a period of time sufficient to insure com 
plete sensitizing of the stock, 
The time of the sensitizing treatment, as will 

be appreciated, will depend upon the character 
istics of the material undergoing treatment. If 
the charge is comprised largely of stainless of ap 
proximately .08% carbon which has an average 
cold reduction of 50% the heat treatment may be 
continued 8 or 10 hours or less. With this type 
of stock the furnace may be charged and brought 
up to a temperature of the order of 1050° C. and 
held at this temperature for a period of about 
one-half hour after which the temperature may 
be dropped to about 800° C. and cooled slowly 
from 800° C. to 400° C. for a period over about two 
hours. 
In the event that the scrap is less severely cold 

worked the heating cycle should be prolonged to 
about 24 hours more or less. For this type of 
charge the furnace preferably is raised to a tem 
perature of between about 400° C. and 760° C. and 
held at this temperature for about 12 hours. The 
temperature is then preferably slowly dropped to 
about 400° C. within the next 12 hour period. In 
each case, as will be appreciated, the material is 
sensitized in the carbide precipitation range for a 
period of time adequate to insure thorough ori 
entated carbide precipitation. Cyclic heatings 
are preferred over the maintenance of a steady 
heat. Cyclic heatings between approximately 
400 C, and 900 C. are advantageous and slow 
cooling from this upper temperature down to 400 
C. similarly, accelerates the desired action. 

It will be understood that the heat treatment 
or sensitizing will also be governed in part by the 
carbon content. "In the preceding examples a 
steel Scrap of about .08% carbon constituted the 
charge. When the carbon content is higher the 
heating cycle may be shortened and when the 
carbon content is lower the heating cycle should 
be commensurately prolonged. For very low car 
bon Scrap, for example .05% C., the heating time 
must be increased to from about two to about five 
times to that given in the first examples. When 
the carbon content of the scrap is low, i. e. less 
than .06% C., it is preferably to sensitize in a car 
burizing atmosphere. 

After the scrap has been sensitized in the 
manner described it is then given a chemical dis 
integration treatment. If desired prior to such 
chemical disintegration the material may be 
pickled by any suitable agent to remove oxide. 
As shown in the drawing such chemical dis 
integration is accomplished by charging the 
treated scrap to the vat 2. This vat may be 
of any suitable material, such as a ceramic or 
wooden vat lined with stabilized stainless steel 
or any other material which is resistant to the 
action of the corrodent and which does not con 
taminate the powdered product. In the vat the 
Sensitized Scrap is digested in a chemical solu 
tion which preferentially attacks or corrodes the 
grain boundaries of the sensitized metal. For 
this purpose a modified Strauss solution may be 
employed. This solution, for example, may com 
prise 47 cc. H2SO4 (sp. g. 1.84) and 13 grams 
CuSO4.5H2O per liter. The solution preferably 
is held at an elevated temperature of from about 
80 to 100° C. and the scrap is held in the vat 



2,361,448 
for about 2 to 24 hours. In these circumstances . 
the steel is well corroded along the grain bound 
aries. In the course of this corrosion particles 
of steel varying from fine powder up to relative 
ly large sections detach themselves from the 
scrap sheet stock and fall to the botton of the 
tank. When smaller material, such as borings 
and turnings are employed this is substantially 
all reduced to a powder in the vat. When sheet 
stock is used the quantity of the disintegrated 
detached material may be increased by Occasion 
ally pounding the scrap during the latter stages 
of the chemical corrosion. It will be appre 
ciated that chemical solutions other than that 
mentioned may be utilized for this intergranular 
corrosion. Thus in lieu of the solution mentioned 
there may be employed such corrodents as dilute 
sulphuric acid, ammonium sulphate and sul 
phuric acid, ferric chloride, copper chloride, po 
tassium hypochlorite, trichlorethylene, hot Salt 
solutions and the like. As indicated previously, 
any solution which preferentially attacks the - 
carbide-rich grains may be utilized, 

After the corrosion treatment is completed the 
corroded material may be removed from the Vat 
2 by any suitable means and thoroughly washed 
in the container. 3. The washed material from 
which adherent corrodent has been removed may 
then be passed to the ball mill 6 and milled 
therein to reduce the larger particles to a pow 
dier. It will be appreciated that in lieu of the 
ball mill shown in the drawing any other dis 
integrating mechanism, such as a hanner, stamp 
mill or tumbling mill, may be employed. The 
time of treatment in the ball mill will, of course, 
depend upon the type of material treated and 
the degree to which the sensitized product has 
been corroded. Reduction in a tumbling mill 
tends to preserve the powder as single crystals. 
Other types of milling tend to make the powder 
poly-crystalline. As will be appreciated, if the 
material is cold worked during the disintegrating 
operation it tends to make the resulting powder 
magnetic. 
After thorough disintegration in the ball mill 

a charge of powder is discharged from the mill 
to the screen 5. The material which has not 
been powdered or pulverized is returned, as 
shown by line 6, to the corrosion vat for fur 
ther treatment. The material passing through 
the screen 5, which preferably is less than 150 
mesh, is charged to a suitable container in 
which it is treated with a suitable Solution, Such 
as nitric acid which serves to dissolve the copper 
which plates out from the Strauss solution and 
brighten the powder as well as to passivate the 
stainless steel particles. For this treatment a 
10% commercial nitric acid solution may be en 
ployed. Preferably the temperature of the liq 
uid in the vat is maintained between about 54 
C. and 60° C. 

In some circumstances where the charge of 
scrap employed is contaminated with inorganic 
materials it may be desirable to treat the prod 
uct to insure their removal. For this purpose 
the material from vat may be washed and 
then passed to a suitable classifier 8 which may, 
for example by a Welfley table. In this classi 
fication treatment extraneous inorganic mate 
rial is removed. The classified metallic powder 
may then be discharged to the drier 9. This pref 
erably comprises a rotary drier in which the na 
terial is dried down at temperatures maintained 
at 215° C. more or less. 
The product which is discharged from the 
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drier comprises metallic particles of stainless 
steel intermixed with metal carbides. In order to 
fractionate this material and to procure a metal 
powder free from the carbides the product may 
be treated in the magnetic separator 0. In 
typical operation the carbides contained in the 
mass exist in the fines, i. e. the material of 
minus 325 mesh. When the product discharged 
from the drier is at a temperature of 215 F., 
which is substantially the Curie point of the 
carbides, magnetic separation is greatly facili 
tated. The carbide material is discharged from 
the separator at and the metallic powder 
may be passed to the screen system 2 from 
which powder of differential particle size recov 
ered. It will be appreciated that the above de 
Scribed process presents an eminently simple 
method of producing metallic powder of prede 
termined particle size for powder metallurgy 
uses. Stainless steel powder so produced is singu 
larly free from metal carbides and oxides, these 
having been removed during the course of the 
treatment. By reason of the freedom from oxides 
and carbides the material is extremely plastic 
and lends itself most readily to compacting and 
sintering. In the event that the powder is cold 
Worked to a considerable extent, as for exam 
ple by reason of a long ball milling operation, 
plasticity may be restored by annealing at tem 
peratures not higher than 900 C. for about an 
hour more or less and then slowly cooled. Pref 
erably this annealing is effected in dry hydrogen 
Or a vacuum in order to avoid undue oxidation 
or carburization. 

Stainless steel power has been produced in 
accordance with the preceding process with 
eminently satisfactory results. A charge con 
prised of Stainless steel sheet trimmings was 
annealed in a sensitizing furnace for a period 
of 24 hours during about 8 hours of which the 
product was held within the temperature of the 
carbide precipitation range. This product was 
then corroded for about 24 hours in the Strauss 
Solution previously described. Upon disintegra 
tion and classification, i. e. the separation of 
the powder produced in the corrosion treatment 
from the larger sections and removal of oxides 
and the like an eminently satisfactory product 
was produced. Upon a screen analysis this 
product was found to comprise 30% of power be. 
tween 100 and 200 mesh, 54% between 200 and 
325 mesh and 16% below 325 mesh. This par 
ticle size dispersion is thus practically ideal for 
Corinpacting. A cold compact made up of the 
powder thus produced withstood a pressure of 
80 tons per Square inch without cracking. This, 
as Will be appreciated, compares most favor 
ably With typical iron powder compacts which 
display a tendency to crack under a pressure 
of 40 to 50 tons per square inch. 
In the preferred method of producing articles 

from the stainless steel powder the cold pressed 
compact is preferably sintered in a hydrogen 
atmosphere. When sintering at a temperature 
between 900° C. and 1250° C. for 120 minutes, 
products have been produced which possess a 
tensile strength in excess of 60,000 pounds per 
Square inch. With a reduction of more than 10% 
in area. It will be appreciated that with these 
improved physical characteristics combined with 
the excellent chemical characteristics of stain 
less steel, Sintered products possess a very wide 
permissive field of use. The stainless steel 
powder so produced may, of course, be mixed 
or blended with other metal powder, such as 
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nickel poye. and the like so as to produce 
products of variant physical, physicochemical 
and/or electrical characteristics, 
As will be appreciated, the physicals of the 

compacts produced under the present invention 
are such as to permit subsequent proceeding so 
as to more effectively conform the compacts to 

- an intended use. These compacts, for example 
may be forged and hot rolled to produce articles 
of physical characteristics comparable to prod 
ucts produced by typical fusion metallurgy 
methods, 

It will be understood that the process of pro 
ducing the stainless steel powder herein de 
scribed and as illustrated by the flow sheet is 
susceptible of many modifications. As pre 
viously explained, the process is available for 
use with different types of scrap, i. e. hot and 
cold rolled scrap. Where hot rolled scrap is 
used it is desirable to pickle the material at 
some suitable stage to remove oxides. Where 
oxide removal is complete prior to passivation 
or drying physical classification or separation as 
illustrated at stage B may be dispensed with. 
Obviously in lieu of the particular apparatus 
shown other similarly functioning apparatus 
may be employed. Again since, as pointed out, 
the carbides occurring in the material are large 
ly included in the fines the classification in a 
mechanical classifier may be sufficiently effective 
so as to preclude the necessity of magnetic 
separation. Again the sensitizing treatment 
may be carried out in a rotary kiln in which a 
corrosive gaseous atmosphere is maintained. 
The stainless steel powder produced as de 

scribed herein may be classified as desired so 
as to give any predetermined particle size dis 
tribution. For high pressure pressing, i. e. over 
30 tons per square inch, a powder is preferred 
containing about 66%% of between 100 and 200 
mesh material, 16%% more or less of between 
200 and 325 mesh material, about 17% of be 
tween 200 and 325 mesh material and 16% below 
325 mesh. For lower pressure pressing a pre 
ferred product comprises about 42% of material 
between 100 and 200 mesh, about 42% of ma 
terial between 200 and 325 mesh and about 16% 
of material below 325 mesh, As is understood 
by those skilled in the art, in making up the 
powder mixture for compact lubricants, such 
as graphite, may be introduced. Similarly silver 
powder may be utilized for its lubrication. As 
noted above, the particular analysis of the pow 
der employed for the compacting will be prede 
termined upon the desired use. Thus for bear 
ing material the stainless steel powder may be 
admixed with copper or silver phosphide or low 
melting silver solders so as to improve the bear 
ing surface. These and other modifications and 
ramifications will occur to those skilled in the 
art in utilizing the improved product. 

It is clearly to be understood, as explained 
earlier, that the present invention comprehends 
the broad concept of producing metal powders 
from cheap source material by invoking and uti 
lizing an inherent characteristic of such source 
material for powder production. Stainless steel 
has been chosen herein as illustrative of a classi 
cal material of this type. The invention, how 
ever, comprehends the production of metal pow 
ders or metal alloy powders from any source ma 
terial whicli, by reason of a heat treatment, is 
embrittled and/or rendered corrodable in the 
boundary areas. The invention is, therefore, ap 
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iron powder, of any desired type silver powder, plicable to any alloy whether of the solid solu 

tion type or not which through heat and/or me 
chanical treatment develops grain boundary 
weakness which thus permits disintegration of 
such boundary areas. For certain products like 
stainless steel separation into powder is facili 
tated by chemically corroding this differential 
boundary phase. In certain other alloys a liq 
uld corrodent need not be employed and par 
ticularly where the grain boundary phase is of 
a brittle character. In such circumstances pow 
dering of the material after the heat sensitizing 
treatment may be effected by any suitable type 
of trituration or grinding. Whenever desired 
this grinding may be in a liquid menstrum 
which serves as a lubricant and/or as a protec 
tive material to preclude oxidation and the like. 
Typical of such products which may be treated 
in accordance with the invention are aluminum 
magnesium alloys, aluminum silicon alloys and 
similar non-ferrous products which upon heat 
sensitizing or mechanical working develop an 
intergranular embrittled phase which may read 
ily be mechanically reduced or corroded so as 
to produce a powder of a particle size corre 
sponding to the grain size of the matrix after 
the heat treatment. Thus magnesium aluminum 
alloys containing up to 10% of aluminum may 
be employed. For example, brass may be heat 
treated and cold worked after which the prod 
uct may be milled in the presence of a suitable 
corrodent, such as a mercurous nitrate solution 
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of suitable strength. Again Armco iron may be 
heated to about 1315 C., slowly cooled and then 
milled in the presence of ammonium nitrate to 
produce a powdered product. Other alloys amen 
able to the treatment to produce metallic pow 
ders are: magnesium-bismuth alloys containing 
up to 10% bismuth; magnesium-copper alloys 
containing up to 5% copper; magnesium-lead 
alloys containing up to 10% lead; magnesium 
zinc alloys containing up to 8.4% zinc.; and mag 
nesium-silicon containing up to about 1.4% sili 
con. The above mentioned alloys, of course, are 
not exclusive or extensive but are merely illus 
trative of the general type comprehended herein. 
While preferred embodiments of the invention 

have been described it is to be understood that 
these are given didactically to illustrate the un 
derlying principles involved and not as limiting 
the invention to the chosen examples. 

I claim: 
1. A method of producing compacted articles 

from stainless steel powder which comprises, mix 
ing stainless steel powder in the approximate pro 
portions of 30% of powder between 100 and 200 
mesh, approximately 54% of powder between 200 
and 325 mesh and approximately 16% of powder 
of -325 mesh, cold pressing the mixture and 
sintering the pressed product in a hydrogen at 
mosphere at a temperature of between about 
900' C, and 1250° C. 

2. A method of producing compacted articles 
from stainless steel powder which Comprises, 
forming a pre-mix of material containing about 
66%% of powder of between 100 and 200 mesh, 
about 16%% of powder of between 200 and 300 
mesh, with the remainder -325 mesh, pressing 
the mix at about 30 tons per sq. in. and sinter 
ing the compact in a reducing atmosphere. 

3. A method in accordance with claim 2 in 
which the reducing atmosphere is dry hydrogen, 

4. A method of producing stainless steel com 
pacts under low pressure and having good physi 
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cal characteristics, which comprises forming a 
pre-mix of stainless steel powder containing about 
40% of material between 100 and 200 mesh, about 
40% of material between 200 and 325 mesh with 
the remainder -325 mesh, pressing the mixture 
at pressures substantially below 30 tons per sq. 
in, and sintering the compact thus formed in a 
reducing atmosphere. - 

5. A process in accordance with claim 4 in 
which the reducing atmosphere is dry hydrogen. 

6. A process in accordance with claim 4 in which 
the sintering temperature is in the range of 900 
C. to 1250 C. and the reducing atmosphere is 
dry hydrogen. 

7. A method of making stainless steel articles 
from stainless steel powder, which articles are 
characterized by a tensile strength of at least 
60,000 lbs. and a reduction in area of more than 
10% which comprises, admixing stainless steel 
powder in the approximate proportions of about 
% of powder between 100 and 200 mesh, about 
% of powder between 200 and 325 mesh with 
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the remainder -325 mesh, Cold pressing the mix 
ture and sintering the compact in a reducing at 
mosphere at a temperature between about 900 
C. and 1250 C. - 

8. A method of making stainless steel articles 
from stainless steel powder, which articles are 
characterized by a tensile strength of at least 
60,000 lbs, and a reduction in area of more than 
10% which comprises, admixing stainless Steel 
powder in the approximate proportions of about 
% of powder between 100 and 200 mesh, about 
% of powder between 200 and 325 mesh with the 
remainder -325 mesh, cold pressing the mixture 
and sintering the compact in a reducing atmos 
phere at a temperature between about 900 C. 
and 1250 C. for a period of approximately two 
hours. 

9. A process in accordance with claim 7 in 
which the reducing atmosphere is dry hydrogen. 

10. A process in accordance with claim 8 in 
which the reducing atmosphere is dry hydrogen. 

JOHN WULEF, 


