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1

 ‘This invention relates to an improved method
This application is

of producing metal powders.
‘g division of prior application, Serial No. 479,436,
filed March 17, 1943, now Patent No. 2,462,659.

In the field of ferrous powder metallurgy there
is an increasing demand for products of improved
physical and chemical characteristics, such as
Increased tensile strength, corrosion resistance
and the like. Such improvements are difficult
t0 attem when utilizing relatively pure iron pow-
starting material, for any improvement
in prOpert1es which is ael'ueved is secured by ex-
nénsive treatments, such as hot pressing and
- diffusion of secondary constituents, such as car-
bon and the like, into the iron matrix.

It is well knewn in the ﬁeld of fusion metallurgy -

‘that the most effective and economical method of
modifying the physical and physmeehemlca,l

(Cl 75——5)
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characteristics of ferrous base products is to com-~ -

bine predetermmed alloy const1tuents with the
base metal in the melt so as to secure an ulti-
mate alloy of the desired analysm and correspond-
ing physical characteristics..
der metallurgy the des1rab111ty of utilizing alloy

powders has been recognized and at_tempts have
The sug-

been made to produce such products.
gested methods however have been so expensive
.as to preclude commercial production. This high

expense has been largely due to the fact that the
production of the alloy has been besed on a. special
treatment of the prefabricated iron powder, as

for example by effecting diffusion of one or more
solid phase alloying constituents into the solid
phase iron powder or powder compact.

- The present invention relates to the produc-
~ tion of special alloy powders by utilizing cheap,

readily available scrap material eentemmg the

. desired. alloy constituents e,nd reducing this ma-

" terial to the powder form by utilizing what, for -
40
Because of

- the sake of a term, ‘may be called an inherent
“weakness in the startmg material.
_.the desu:'eble characteristics of stamless steel as
a superior metal for the production of high

20

gremmatle illustration,

2
nlckel and above .02% carbon is thelr suscept1- |
bility to intergranular corrosion when heated . to
a temperature between about 500° C. and 900° C.
for an appreciable period of time. In these cir-
_cumstanees the carbon which existed in metasta-
ble solid solution is rejected in the form of a
chromium-rich carbide in the grain bounda,rles
The steel which is thus sensitized is susceptlble

to preferential corrosion by a number of differ-

ent corrodents. When subJected to such prefer-

ential boundaries become weak and the erstwhile

massive material is readily crushed to a pewder

The preeent invention utilizes this mtergra,nu- |
lar corrosion susceptibility of such steels to pro-
duce an alloy steel powder of deswa,bly low car-
ben content.

Utilizing such a concept it will be apprecmted

that powders may be produced utilizing cheap
equipment and with simple technique. In order

fectively to explain the invention, ) d1a-
in flow sheet form 1s_

more e

| _shown in the accompanying drawing.

In the ﬁeld of pow-

The essentlal operations’ involved in the 1111-

proved process is a heat treatment or sénsitiza-
“tion of cheap starting material such as sheet or -
shot and a preferential disintegration of the
boundary areas, preferably by chemical corro-
dents, to produce particles correspondmg to the
~ grain size of the material treated.

30

‘With these major steps there are employed

- other ‘steps, such as mechanical dlsmtegratmn |

35

-_strength corrosion and heat resistant products

this material will be chosen-as a medium to il-
| lustrate the fundamental concept of the inven-
tion.

invention may be availed of for the productwn

of powder from any alleys whether ferrous or

nen-*‘errous which exhibit the special metellurgl-

cal characteristics Whlch are utlhzed as herem_

desenbed -

1t is known the,t one ef the major shortcommge
of austenitic steels of the stainless type containing
appre:ﬂmately 18 to 25 9% chremlum and 8 to 209

It will be understood, however, that the

45

3elessﬁcatlen brwhtenmg and/or ‘passivation,
-whlch improves the product for certain uses.
'mll be appreelated the products produced undel

As

the prmelples of the invention may be widely 111;11-

ized. The classified or graded powdér may be

utilized either alone or in g blend with iron pow-
der to produce pewder metal eompaets As will

be seen more fully hereinafter, ehrommm-mekel

in elley powders of e:rt:rerr:telyr lewr carbon content

may readily be produced by the new method.

Such. powders may be compacted or brlquetted '

with any sultable bonding agents: and may be

empleyed as an addition sgent to an iron-
chromium or jron-nickel ehrommm melt of a

- relatively high carbon content to secure an ultl-
- mate alloy of a desirably low carbon content.

50

.The low carbon content of the products. pre-_
duelble under the 111ven't101:1 renders them ex-
ceptmnelly usefu.l for welding rods. The’ pOwW-
ders may be cemnected to the desired shape and
coated with smt&ble luxing agents to produce
weldmg meta,l or very low carbon analysm -

“The iron-chromium pewders deserlbed herem
with peculiar advantage may be mixed or blended
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with predetermined percentages of silver powder
and then compacted to produce excellent electri-
cal contact material.
chromium and 8% of nickel has the same electiro-
chemical potential as silver such contact mate-
rials 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 ifs 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 preferable, when sheet

trim is used, to employ a relatively thin gauge

scrap since the use of the thin section material in-
sures a more rapid and uniform corrosion treat-
ment. It is also desirable to utilize the cold
rolled scrap. When hot rolled scrap is employed

and scale may be removed in a manner well known »
to those skilled in the art after the heat treat-

ment, subsequently to be described, or at any
other suitable stage in the process.

Since an alloy of 189 of

4

able of attaining and holding a temperature in

" the carbide precipitation range, 1. e., from about

10

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

- approximately .08% carbon which has an average

cold reduction of 509 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

It is also de~

sirable, although not essentially necessary, to

classify the serap to the extent that stabilized

stainless scrap, i.
bearing stainless is culled from the charge. If
such preliminary classification is not desirable
the mixed scrap may be employed since the sta-
bilized scrap is readily separable from the sensi-
tized material during the course of the treatment.
With the certain scrap materials intergranular
corrosion may be accelerated by heafing 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
depending 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 g mixture of these two. The cold rolled
material may also be of different degrees of re-
duction. The particle size and particle size dis-
- tnbutmn requlred in the ultimate powder may, if
desired, definitely be established in the charge
by making this up of predetermined mixtures of

25

e., columbium and titanium

30

4

4H

hot and cold rolled material which latter may

itself comprise scrap or different degrees of coid
reduction. Where circumstances so dictate the

charge may be standardized as to the eventual

50

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 sesitizing treatment as
a preliminary step in the process. As will thus
be appreciated the process is operable with run-

of-mill serap 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 81mple
standard equipment and chemicals and with a
modicum of labor and control. As shown in the
drawing the scrap to be treated is e¢harged to the
furnace 1. 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 facili-
tate handling the scrap it preferablyis
into ‘a relatively loose bale and is charged to
the furnace in the form of stch units. When bor-
ings 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 anhealing
furnaces serve effectively. The only essential re-

55

- tegration treatment.

60

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 g 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
orientated carbide precipitation. Cyclic heatings
are preferred over the mamtenance 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. smnlarly 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 .089% 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 0.5% 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, 1. e,, less
than .06% C, it is preferable to sensitize in g
carburizing atmosphere.

After the scrap has been sensitized in the man-
ner described it is then given a chemical disin-
If desired prior to such
chemical dlsmtegratlon the material may be
pickled by any suitable agent to remove oxide.
As shown in the drawing such chemical disin-
tegration is accomplished by charging the treated
scrap To the vat 2. This vat may be of any suit-

- able material, such as a ceramic or wooden vat

65

qrstpressed

70

lined with stabﬂlzed stamless steel or any other
material which is resistant to the action 0of the
corrodent and Whmh does not contammate the
powdered . product ‘In the vat the sensitized
scrap is digested in g chemical solufion which
preferentially attacks or corrodes the grain
boundaries of the sensitized metal. For this pur-
pose a modified Strauss. solution may be em-
ployed. This solution, for example, may com-

‘prise 47 cc. H2SOs (sp. g. 1.84) and 13 grams

CuSO04.5H20 per liter. The solution preferably
is held at an elevated temperature of from about

quirement of the furnace is that it shall be cap- 75 80° C. to-100° C, and the scrap is held in the
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‘yat for about 2 to 24 hours.
‘stances the steel"is well corroded along the grain
boundaries. ' In the course of this corrosion par-
ticles of steel varying from fine powder up to

relatively large section detach themselves from

~ the scrap sheet stock and fall to. the bottom of
-the tank. When smaller material, such as bor-
Ings and turnings are employed this is substan-
tially all reduced to a powder in the vat. When
sheet stock is used the quantity of the disinte-

erated detached material may be increased by -

occasionally pounding the scrap during the lat-
ter stages of the chemical corrosion. It will be
- appreciated that chemical solutions other than
that mentioned may be utilized for this inter-

In these circum-

2,527,611
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- granular corrosion. Thus, in lieu of the solution -

mentioned there may be employed such cOor-

rodents as dilute sulphuric acid, ammonium sul-

phate and sulphuric acid, ferric ¢hloride, cop-
~per ~chloride, potassium hypoehlonte trlohlo-
. rethylene, hot salt solutions and the like.
" indicated previously, any solution which prefer—

entially attaoke the oarblde-rmh grams may he
utilized.

After the corrosmn treatment rs completed the

orroded material may be removed from the vat

20

The product which is drscharged from the drrer

- eomprxses metallic particles of stainless steel in-

termixed with metal carbides. In order to frac-

‘tionate this material and to procure a metal pow-

der free from the carbides the product may be

treated in the magnetic separator 10. In typical

operation the ¢arbides contained in the mass €x-

‘ist in the fines, i. e., the material of minus 325 -

mesh. When the produet d1seherged from the
drier is at a temperature of 215° C.,  which is
substantially the Curie point . of the carbides,

magnetic separation is greatly facilitated. The

carbide meterrel is discharged from the separa.-
tor at 11 and then the metallic powder may be

passed to the screen system 12 from which pow-

der of diff erential partlole Size 1s recovered. It

will be appreciated that the above described

process presents an eminently simple method of

-produomg metallic powder of predetermmed par-

ticle size for powder me ellurgy uses. Stainless

steel powder so produced is- smgularly free from =
metal carbides and oxides, these having been re-

moved during the course of the treatment. By

~reason of the freedom from oxides and carbides

29

the materisl is extremely plastic and lends itself

- most readily to compacting and sintering. In

'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 pessed to the ball mill 4 and milled there-
in to reduce the larger particles to a powder, It

- will be appreciated that in lieu of the ball mill "

the event that the powder is cold worked to a

considerable extent, as for example by reason Of

- a long ball milling operation, plasticity may be

30

shown in the drawings any other disintegrating

‘mechanism, such-as a hammer, stamp mill or

tumbling mill, may be employed - The time of

tr eatment in: the ball mill will, of eourse depend

upon the type of material treated and the degree

- to which the sensitized product has been cor-
- roded. Reduction in a tumbling mill tends to
preserve the powder as single erystals. Other

types of milling tend to make the powder poly-
erystalline.

o magnetro

After thorough dlsmtegratmn in the bell m1ll a

35
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As will be appreciated, if the ma- '
~ terial is cold worked during the disintegrating =

- operation it tends to meke the resultmg powder

restored by annealing at temperatures not highér
- than 900° C. for about an hour more or less and
~ then slowly cooled. Preferably, this armeelmg

is effected in dry hydrogen or a vacuum in order

'. to avoid undue oxidation or carburization.

Stainless steel powder has been produced in ac-

“cordance with the precedmg process - with emr-_

nently satisfactory results. A charge comprised
of stainless steel sheet trlmmmgs was annesaled

in a sensitizing furnace for a period of 24 hours_ |
‘during about 8 hours of which the product was
held within the tempereture of the carbide pre-

cipitation range. This product was then corroded |
for about 24 hours in the Strauss solution previ-

| -ously deserlbed Upon d151ntegratron and classi-

| eharge 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 8, to the corrosion vat for further treat-
ment.

treated with a suitable solution,-such as nitric

:acid  which serves to dissolve the copper which 55

plates out from the Strauss solution and brighten

~the powder as well as to passivate the stainless
steel particles.

mercial nitric acid solution may be employed.

Preferably, the temperature of the liquid in the gq.
from the stainless steel powder the cold pressed

vat T is ma,mtamed between a,beut 54“ C and
- '60“ C. | - |

- passed o a smtable classifier 8 which may, for
example be 2 Wllﬂey table. In this classifica-
tion treatment extraneous inorganic material is
removed. The classified metallic - powder may
“then be discharged to the drier 9. This preferably
oomprlses a rota,ry drier in WhICh the material is
dried down at temperatures mamtamed at 215° C
'more or less |

The material passing through the screen
5, which preferably is less than 150 mesh, is
charged to a suitable container 7-in which ‘it is

For this treatment a 10% com-

- In some. crroumstances where the ohe,rge of
~ scrap employed is contaminated with inorganic .
materials it may be desn'able to treat the product z=
- to insure their removal. |
- material ‘from vat T may be washed and then

5 fication, i. e., the separation -of the powder pro-
‘duced in the corrosion treatment from the larger
‘sections and removal of oxides and the like an

emmently satisfactory product was produced.

 Upon a screen analysis this product was found

A0

‘to comprrse 309, of powder between 100 and 200
* ‘mesh, 54 9% heétween 200 and 325 mesh -and 16% -

. below 325 mesh. This pa,rtlole size drspersmn is

- thus practically ideal for compacting.

A cold -

- compact made up of the powder thus produoed

withstood a pressure of 50 tons per square inch

~ without cracking. This, as will be appreciated,

© _compares most favorebly with typical iron pow~-
-{jder compacts which display a tendency to crack

- ‘under ‘a pressure of 40 to 50 tons per square inch.

‘In the preferred method of pl‘OdllClnﬂ' ar t1ele5' |

- compact is preferably sintered in a hydrogen at-
~ ‘mosphere. When sintering at a temperature be- -

65
For this purpose the -
It will be appreciated that with these improved o

70
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~ tween 900° C. and 1250° C. for 120 minutes, prod-.
ucts have been produced which possess a tensile

j'strength in excess of 60,000 pounds per square
inch with a reduction of more than 10% in area.

physical characteristics combined with the excel-
lent chemical characteristics of stainless steel,

sintered products possess a very wide permissive
“field of use. L
duced may, of course, be mixed or blended with
other metal powder, such as iron powder, or- any

'The stainless steel powder so pro-

des1red type sﬂver powder nickel powder and the )
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like so as to produce 'preduets of variant physical,

physiochemical and/or electrical characteristics.
As will be appreciated, the physicals of the com-

pacts produced under the present invention are -
such as to permit subsequent processing so as to -

‘more effectively conform the compacts to an in-
tended use. These compacts, for example may
be forged and hot rolled to produce articles of
‘physical characteristics comparable to products
produced by typical fusion metallurgy methods.
- Tt will be understood that the process of pro-
ducing the stainless steel powder herein described
~and as illustrated by the flow sheet is susceptible
0f many modifications. As previously 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
-t0- asswatlen or drymg physical classification

oY separation as illustrated at stage 8 may be dis-

pensed with. Obviously in lieu of the particular
-apparatus shown other similarly functioning ap-
paratus may be employed. Again since, as point-
ed out, the carbides occurring in the material are

2,627,811
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largely included in the fines the classification in

a mechanical classifier may be sufﬁclently effec-
tive so as to preclude the necessity of magnetic
- separation. - Again, the sensitizing treatment may
.be: carried out.in a rotary kiln in which a cor-
rosive gaseous atmosphere is maintained. |

30

The. stainless steel powder produced es_ de-

- scribed herein may be classified as desired so as

to give any predetermined particle size distribu-

tion.- .For high pressure pressing, i. e., over: 30

tons per square inch, a powder is preferred con-

taining about 6624 % of between 100 and 200 mesh
material, 16%2% more or less of between 200 and
325 mesh material and 16% below 325 mesh. -For
lower pressure pressing a, preferred product com-
prises about 42% of material between 100 and 200

- ‘mesh, about 42 % of material 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 lubri-
.cants, such as graphlte may be 1ntredueed Simi-
larly, s11ver powder may be utilized for its lubri-
cation. . As noted above, the particular analysis
of the pewder employed for the compacting will
be predetermined upon the desired use.-

~Thus; for

35
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bearing material- -the stamless steel pewder may. .
be admixed with copper or silver phosphide or-low

melting silver selders s0-as to improve the bearmg
surface. These and other - modifications and
ramifications wﬂl occur to those sk111ed in the art
of ut1l1z1ng the 1mproved preduet '_ - -
It is clearly to be understood, as eXplemed
earher ‘that the present invention comprehends
the broad concept of producing metal powders
from cheap source material by invoking and utiliz-
- Ing an inherent characteristic of such source ma-
terial for powder: produetmn Stainless steel hes
~been chosen herein. ag illustrative of a classical
material of this. type The. mventmn hewever
comprehends the productmn of metal- pewders or
metal alloy powders- from any source materlel
which, by reason of a heat treatment, is.em-
 brittled and/or rendered corrodable in.the bound-
ary areas.
to any alloy whether of . the solid solution type
Or. Not Whlch through heat and/or mechanical
develops. grain boundary weakness
“which thus permits. disintégration of such bound-
ary areas. For certain products like stainless

55
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‘The invention is, therefore appheable -
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-chemically: ¢orroding :this differential boundary

phase. 'In certain other alloys a liquid corrodent

need not be employed and particularly where
the grain boundary phase is of a brittle character.

In such circumstances powdering of the material

after the hedt sensitizing treatment may be ef-
fected by any suitable type of trituration or grind-
ing. Whenever desired this grinding may be in

a- liquid menstruum which serves as a lubricant
and/or as 'a protective material to preclude oxi-
dation and the like. Typical of such products

which may be treated in accordance with the in-

vention are aluminum-magnesium alloys, alumi-
num silicon alloys and similar non-ferrous prod-
ucts which upon heat sensitizing or mechanical

working -develop: an intergranular embrittled
phase which may readily be mechanically reduced
or corroded so as to produce a powder of a particle

size-corresponding to the grain siZe of the matrix
after  the heat treatment. Thus, magnesium-
aluminum alloys confaining up to 10% of alumi-

num - may be employed. For example, brass may

be heat treated and .cold worked after which the
product may be milled in the presence of a suit-
able corrodent, such as a mercurous nitrate solu-
tion of sultable 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
amenable to the treatment to produce metallic
pewders are: magnesium-~bismuth alloys contain-
ing.-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% zine; and mag-

nesium-siliccn containing up to about 1.49% sili-

con. The above-mentioned alloys, of course, are

not. exclusive. -or extensive but are merely illus-
trative of the general type comprehended herein.

Whﬂe preferred embodiments of the invention
have been descrlbed it- is 'to be understood that
these are given dldactlce,lly to illustrate the under-
lying. prmelples involved and not as 11m1t1ng the
lnventlen to the chesen examples

I claim: , -

1.. A--method of preducmg -a magnesium- —en-
1ched metal. powder from magnesium base alloy
which contains a second metallic component

- whose selubﬂlw in .the alloy matrix varies to a

marked degreée Wlth temperature and which, upon
heat.treatment, largely precipitates as an mter-

| grenular phase enriched in the second compo-
| nent and: Wthh mtel granular phase is relatively

more brittle then the granular phase of the alloy
which comprises; ‘-heat treating the alloy in solid
phase; at a selected temperature sufficiently high
to. estabush such embrittled intergranular phase,
dlsmtegretmg the heat treated material and sepa-
rating- the granular frem the mtergramﬂer ma-
terlal : : |

2. A methed ef p1 oduemg a magnesium-en-
riched metal powder from magnesium base al-
loys. which contain a second component whose
selubﬂlty in-the elley matrix varies to a marked
degree with temperature and which, upon heat
- treatment, largely. prempltates as an mtererenu-
lar -relatively -corrodable phase, enr1ehed ‘in the
said secend component, which comprises, heat
treating - the alloy, in solid form, at a selected
temperature sufficiently high to establish such
intergranular phase, selectively corroding the
1n+ergrenuler material and separating and re-
eevel ing the grenular alloy phase. . -

. 3.-A method of producmg a magnesmm—rleh

| steel seperatmn mto powder 1s facﬂltated by 75 alloy powder which compr1ses, hea,t treatmg &

mmmmm
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magnesium-aluminum alloy containing up to 10%
aluminum at a temperature which insures the
formation of an embrittled intergranular phase,
disintegrating the heat treated material and sepa-
rating a granular matrix phase enriched in mag-
nesium from the inter granular phase enriched
in aluminum. |

4. A method of producmg magnesmm powder'

which comprises, heat treating a magnesium bhase

copper alloy containing up to about 5% copper 19

at a temperature sufficiently high to insure the

. formation of an embrittled intergranular phase

- relatively. enriched in copper, disintegrating the
heat treated material and separating the alloy

- grains from the dlslntegmted mtergranular ma-

terlal

5. A method of producmg magnesmm powder

b |
b oy

10

which comprises, heat treating a magnesium base
zine alloy containing up to about 8.49% zinc at a
temperature sufficiently high to insure the forma-

 tion of a relatively embrittled intergranular phase

of different composition from the granular phase,

disintegrating the heat treated material and sepa-

rating the disintegrated 1ntergra,nu1ar ma.terlal _

'from the erains of the alloy.

JOHN WULFF.
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