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This invention relates to readily compactible 
and moldable metal powders Which resist cor 
rosion, Shaped bodies of such powders, and meth 
ods for producing the same, some aspects of the 
invention being of a broader scope. 
Anoing the objects of the invention are powders 

of metal particles which are in a readily de 
formable plastic condition, and may be com 
pacted into relatively strong metal bodies with 
relatively low pressures, at least the surface layer 
Of the inetal powder particles having alloyed 
therewith chronium deposited thereon from a 
gaseous or liquid chromium compound at an ele 
wated temperature. 
A particular object of the invention is such 

readily Compactile and moldable metal powder 
containing eSSentially powder particies of at least 
One metal of the group consisting of iron, nickel, 
and cobalt, and of mixtures and alloys of said 
metals, which particles are in a readily deform 
able, relatively soft plastic condition, at least 
the Surface layer of said particles having alloyed 
therewith chronium which has been deposited 
thereon at an elevated temperature from a 
gaseous or liquid chromiurin compound. 

(Other objects of the invention include com 
pacted bodies made of Such surface-alloyed 
powder particles, and economical production of 

| Such powder particles, and economical production 
Of compacted godies from such powder particles 
of the invention. 
The foregoing and other objects of the inven 

tion will be best understood from the following 
description of exemplifications thereof, reference 

l 
Fig. 1 is a greatly enlarged photograph of a 

Sample of powder particles of the invention made 
of Sponge iron powder; and 

Fig. 2 shows a similar photograph of powder 
particles of the invention made from a mixture 
of iron oxide and nickel oxide powders. 
For years past various corrosion-resistant 

products such as gears, valve parts, bearings, 
filters, and the like, have been made of stainless 
Steel powders by powder metallurgy techniques. 
The stainless steel powders generally used for 
Such bodies have been obtained from previously 
prepaired stainless steel ingots, for instance, by 
Subjecting a Stainless Steel ingot to grain bound 
ary corrosion followed by disintegration, or by 
nelting a stainless steel ingot and atomizing it 
in the molten state. The so-produced particles 
of such stainless steel powders are of high density 
and hardness, and require high-molding pres 

being had to the accompanying drawings, where 

2 
sure of at least 40 to 45 t. s. i. (tons per Square 
inch), which is much too high for economical 
production of molded products, and results in 
rapid wear and frequent break-down of the mold 
ing dies. As a result, the production of molded 
products from stainless steel powders has found 
only limited use. 

10 

What has been said above about stainless steel 
powder, which is an alloy of iron, nickel and 
chromium, applies also to various other general 
ly similar cornmercially available alloys, Such as 

: alloys of iron, cobalt and chromium, of iron, 

15 

nickel, molybdenum, tungsten and chronium, 
and of generally similar alloys which are used 
in heat-resisting bodies, electric heaters, mag 
netic bodies and in corrosion-resistant hot 
strength bodies. 
According to the basic concept of the inven 

tion, the foregoing difficulties which stood en 
20 countered in the production of corrosion-re 

sistant ferrous metal bodies by powder metal 
lurgy techniques are overcome by the provision 
of a readily compactible and moldable metal 

25 
powder of ductile and relatively soft ferrous 
powder particles, at least the surface layer of the 
powder particles having combined therewith 

' chromium, which has been deposited thereon 
from a gaseous or liquid compound at an ele 
wated temperature, the particles being Sufficient 
ly soft and plastic as to make it possible to Com 
pact them with a relatively low pressure, for 
instance, only 25 to 30 t. s. i. into bodies of even 
greater strength than molded bodies made of 
prior stainless steel powder. 
Various commercially available Soft, plastically 

readily deformable iron powders are suitable for 
producing corrosion-resistant soft moldable 
metal powders of the invention. Among Such 
available and suitable soft iron powders is 
sponge iron powder having a carbon content of 
.1 to .2% (unless otherwise specifically stated, all 
proportions are given herein by weight) elec 
trolytically produced iron powder, carbonyl iron 
powder, eddy mill iron powder, and atomized 
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molten iron powder of similar carbon content. 
The following impurities present in Such avail 
able powders, to wit, .3% Mo, .2% Si, and other 
minor impurities usually present therein, do not 
impair their usefulness for practicing the inven 
tion. 

In addition, many relatively hard and difficult 
to compact fine iron powders containing up to 
about .2% carbon Will, in general, when Subjected 
to the chromiurn-alloying process of the inven 
tion herein described, become softened and ac 
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quire characteristics which render them readily 
moldable. 

in accordance with a phase of the invention 
based on the original concept of producing 
chromium-alloyed soft iron powder-relatively 
soft, powder particles of different metals, to Wit, 
one or more metals of the group including iron, 
nickel and cobalt, are combined in a prope 
proportion, and a proper proportion of chronium 
from a gaseous or liquid chromium compound is 
deposited on and diffused in Such powder parti 
cles of the different metals so as to yield a soft 
powder body with chromium in the proportions 
required for producing alloy bodies of the desired 
characteristics. 
Any of the known methods for depositing chro 

mium from a gaseous or liquid compound on the 
surface of a metal body heated to an elevated 
temperature below the melting temperature of 
the body, and of chromium, may be used for de 
positing on and diffusing chronium into metallic 
powder particles in accordance With the prin 
ciples of the invention. 
Among such known chromium-alloying proc 

esses, one that was found particularly Suitable 
for practicing the invention, involves an ex 
change or displacement reaction of the metal of 
the treated body with the chromium constituent 
of a gaseous or vapor phase of a chronium hal 
ide, such as chromous chloride gas, at an ele 
wated temperature in the range between about 
9000 to 1200° C. in accordance with the equation: 

CrCl2--M->Cr--MCl2 () 
wherein MI represents the metal of the chromium- : 
alloyed body. 
In such process, the chronium of the chro 

mous chloride gas replaces the metal on the Sur 
faces of the treated body causing the chronium 
deposited on the surface of the body to allow 
therewith and to diffuse into its interior While 
the gaseous chloride compound of the displaced 
metal eScapes. 

Instead of chromous chloride, other chroni 
um halides may be used for effectively carrying 
out the chromium-alloying process in accord 
ance with the principles of the invention. 

In accordance with one phase of the invention, 
the soft iron particles are first sintered into 
sinter cake lumps within a reducing atmosphere, 
Such as dry hydrogen, or dry cracked annonia, 
at an elevated temperature so as to produce a 
porous sinter cake of low density not higher than 
about 4 g./cc., and of low strength, not higher 
than a nodulus of rupture of about 6500 p.s. i. 
The powder particles of such sinter cake may be 
readily surface-alloyed with chromium. To this 
end, the sinter cake may be broken up into lumps 
which are then packed into a chronium-alloying 
pack and heated to elevated temperature, so as 
to cause chronium from chromous Chloride gaS 
to be deposited on the surface of the powder par 
ticles, and diffused into the interior of the par 
ticles. 
Any of a variety of known chromium-surface 

alloying processes inay be used for this purpose. 
By Way of example, the sinter cake lumps may 
be packed in a pack containing ferro-chromium 
and a Stream of a gaseous mixture of hydrogen 
and HCl is passed through the pack in Which 
case the chronizing agent, that is chromous chlo 
ride gas is produced within the pack. Alterna 
tively, the pack may be impregnated with sep 
arately prepared chromous chloride, in which 
case the hydrogen chloride gas may be at least 
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4. 
partially omitted from the gaseous stream and 
only hydrogen gas passed through the pack. As 
another alternative procedure, the sinter cake 
lumps are packed in a pack of porcelain powder, 
ferro-chromium powder, and a chronium-chlo 
ride compound, and enclosed Within a Sealed en 
velope which is heated to produce the desired 
charomium-surface-alloying action. 
As a still further alternative procedure, the 

sinter cake lumps may be immersed in a molten 
salt bath containing chromous chloride and Sub 
jected therein to a chroniun-Surface-alloying 
treatment at an elevated temperature. By Way 
of example, a suitable bath composition for the 
latter treatment may consist of 30% CrCl2, 50% 
BaCa2, and 20% NaCl. By keeping the bath 
heated to a temperature in the range from about 
900 to 1500° C., from about 3 to 10 hours, the 
desired chronium-surface-alloying action. Will 
be produced. The CrCl2 content of Such bath 
may be replaced by elements which generate 
CrCl2, in which case an equivalent amount of 
CrCl3 and chromium metal is included in the 
bath. In all the foregoing chronium-Surface 
alloying treatments, the chromium-alloying reac 
tion is represented by the Equation 1 given above. 
The chromium-alloying process does not mate 

rially increase the density and strength of the 
sinter cake lumps. As a result, the chromium 
alloyed sinter cake lumps may be readily bro 
ken up into powder particles of the required size 
range, and high degree of Softness which makes 
it possible to compact such chronium-Surface 
alloyed powders under a compacting pressure of 
only 50,000 p.s. i. into strong green compacts 
having a modulus of rupture of 400 p. S. i., and 
higher. 
In accordance with another phase of the in 

vention, powder particles of the oxides of either 
iron, nickel and cobalt, or mixtures of Such OX 
ides, or of metals and oxides of this metal group, 
with or without an additional mixture of powders 
of molybdenum or tungsten or both-either as 
free metals or in the form of oxides-are sin 
tered into porous sinter cake lumps Within a re 
ducing atmosphere Such as dry hydrogen or dry 
cracked annonia, at an elevated temperature 
So as to reduce the oxides and produce a Sinter 
cake of low density not higher than about 5 g./cC., 
and low strength not higher than a modulus of 
rupture of about 7,000 p.s. i. A convenient Way 
for producing such sinter cake lumps is to mix 
the powders of the metal oxides With a lubricant 
and binder and pellet the mixture into pellets 
which are then reduced and sintered to produce 
Such sinter cake pellets or lumps of the required 
OW density and low strength. The sinter cake 
pellets or lunps. So obtained are then packed into 
a chroniun-alloying pack, and their powder 
particles are Surface-chromium-alloyed in a 
manner similar to the chronium-alloying of the 
Sinter cakes of soft iron powder. The resulting 
Chronium-alloyed sinter cake pellets have the 
required low degree of density and strength. As 
a reSuit they may be broken up into minute Sur 
face-chromium-alloyed powder particles of the 
required degree of range of sizes and low degree 
of softness for making it possible to compact them 
into Strong green bodies having a modulus of 
rupture of at least 400 p.s. i. at a pressure of 
Only 50,000 p.s. i. The surface-chromium-al 
loyed powders produced in accordance with the 
invention from a mixture of oxides of the differ 
ent metals will yield a surface-alloyed powder 
body, the individual particles of which are alloys 
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of the different metals corresponding to the dif 
ferent metal oxides and the proportion of chro 
mium deposited on the sinter cake pieces. 
Without thereby limiting the scope of the in 

vention, in Order to enable those skilled in the 
art to readily practice the invention, there will 
now be described one example of a satisfactory 
procedure for producing a corrosion-resistant 
Soft iron powder of the invention from con 
mercially available Sponge iron powder having 
a carbon content of about .15%. A typical coin 
merical powder of this type used in the process 
contained a mixture of minute powder particles 
having the following particle-size distribution 
typical of moldable metal powders: 21% -100, 
--150 mesh; 30% -150, --200 mesh; 13% -200, 
--250 mesh; 14% -250, --325 mesh, and the 
balance -325 ninesh powder. 
The powder is treated to sinter it into a po 

rous cake maSS of low density, and thereby facili 
tate Surface-alloying of the powder particles 
with chromium. This may be done by deposit 
ing a layer of powder of about 4 to 4 inch 
thick into sinter boats of suitable metal such 
as a heat-resistant iron-chromium sheet metal 
without in any way compacting the powder. The 
interior Surface of each Sinter boat is coated 
with a stick-Suppressing or release medium such 
as a water suspension of magnesium hydroxide 
to permit ready Separation of the sintered pow 
der body from the boat after the sintering op 
eration. The powder within the boats is ther 
treated within a furnace in a reducing atmos 
phere of dry hydrogen or purified cracked am 
monia, at a temperature of about 800 to 1050 ; 
C. for one-half to three hours, and then permit 
ted to cool to room temperature. In general, 
Such treatment in the range of about 900 to 
1000° C. Such as 950° C., for one hour is suffi 
cient for sintering the powder into a sinter cake 
having a density of A to 4 g./cc. which is readily 
frangible into lumps or pieces Suitable for pack 
ing into a chromium-alloying mass. A good way 
for carrying on the foregoing sintering treat 
ment is to push the powder containing boats 
through a tunnel furnace from one end to the 
other, the heat treatment being followed by 
cooling which is carried out as a part of a con 
tinuous treatment as the boats are moved from 
One end to the other of the furnace. 
After completion of the sintering treatment, 

the sinter cakes are removed from the boat, and 
broken into fragments of a size Suitable for 
packing in a chronium-alloying pack. The sin 
ter cake pieces or lumps are thereupon packed 
within a chronous chloride producing pack 
mass, and placed within baskets of Suitable heat 
i'esistant metal such as a chronium-nickel-iron 
alloy. The pack may consist, for instance, of 
50% by volume ceramic lumps, Such as porce 
lain pieces, and the balance of chromium-alloy 
Such as ferro-chronium alloy. An alternative 
chromium-alloying pack which was found high 
ly effective consists of a mixture of titanium ox 
ide with ferro-chromium. Good results are ob 
tained with such pack consisting of about 20% 
titanium oxide, by volume, the balance consist 
ing of ferro-chromium, containing about 70% 
chronium. 
The treating baskets containing the sinter 

cake lumps packed, for instance, with titanium 
oxide and ferro-chronium, are placed in a re 
tort and heated to a temperature, in the range 
between 900 and 1250° C., and a stream of hy 
drogen and hydrogen halide gas, such as hydro 
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6 
gen chloride gas, is passed through the retort 
for producing reactions causing chromium at 
Oms to be deposited on the powder particles, 
and to diffuse into the interior of the particles, 
and alloy therewith. 
In Such surface-alloying treatment, the hy 

drogen chloride gas passing through the retort 
interacts with the ferro-chromium to form 
chronous chloride gas. The chromium of 
chronous chloride replaces the metal on the sur 
faces of the treated powder particles primarily 
by the exchange reaction. Part of the chromous 
chloride gas is absorbed by the packing material, 
Such as the ceramic material or the titanium 
oxide in the pack. 

In the particular example herein described, 
the pack-treatment baskets were of circular 
shape, and had an outside diameter of 22', and 
a height of 10'. Four Such packed baskets 
were stacked within a closely fitting retort about 
60' high. The packing material consisted of 
TiO2, 20% by volume, the balance ferro-chromi 
um containing 70% chromium. During the ini 
tial part of the chromium-surface-alloying 
treatment, purified dry hydrogen was caused to 
flow through the enclosed retort space at a rate 
of 40 cubic feet per hour, while the temperature 
was raised to about 950° C. The flow of pure 
hydrogen was thereafter continued at a rate of 
20 cubic feet per hour, for four hours at the 
Sane temperature of about 950° C. Thereafter 
the baskets within the retort were subjected to 
a. Succession of five treatment sequences, at 
about 950° C., each treatment sequence lasting 
six hours, and consisting of: (a) passing through 
the retort at a rate of 20 cubic feet per hour a 
mixture of 20 parts of hydrogen and 3 parts of 
HCl gas for one hour, followed by (b) passing 
pure hydrogen at the same rate for one hour, 
followed by (c) passing the same mixture of 
hydrogen and HCl gas as in (a) for one hour, 
followed by (b) passing pure hydrogen at the 
Same rate for three hours. After a Succession of 
Six Such treatment Sequences of six hours’ dura 
tion each, the treatment was ended by turning 
off the heat and permitting the retort with its 
contents to cool while continuing the flow of 
hydrogen through the retort space until the 
temperature of its contents was brought down 
to about room temperature. 
Upon competing the foregoing chronium 

Surface-alloying treatment, the treated metal 
powder pieces are removed from the baskets, 
and comminuted by crushing to powder, for in 
Stance, in a disc crusher. 
Without in any way limiting the scope of the 

invention, and in order to enable those skilled 
in the art to readily practice the invention, 
there are given below the results obtained by 
subjecting packed iron powder particles to the 
specific 30-hour chromium-alloying treatment 
described above. 
The resulting chromium-alloyed powder con 

--100 mesh; 35.5% -100, -150 
mesh; 28% -150, --200 mesh; 10% -200, -250 
mesh; 9% -250, --325 mesh; and 9% -325 
mesh powder. The apparent density of the pow 

75 

der was 2.56 g./cc., and the weight loss due to the 
hydrogen treatment (hydrogen loss) was .053%, 
carbon content .045%, titanium content .2%, 
and chronium content 15%, balance iron. The 
chromium-alloyed powder was then compacted 
into test bars and tested for "green strength.' 

Figure 1 is a photograph of a sample of such 

H 
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powder particles of the invention greatly enlarged 
of a Scale 30 to 1. 

: The table below gives the modulus of rupture 
(also called “transverse rupture strength') cal 
iculated from breaking tests, of chronium-alloyed 

; powders, compacted into test bars under preS 
Suares of 25, 35 and 45 t.s. i. designated in the 
table as C. A. P. The table also shows the con 
parative modulus of rupture of compacted green. 
bars made froin two commercially available 
stainess steel powders designated in the table as 
SH 18-8 arid SW i3-10 representing stainless steel 
powders with a chromiurn and nickel content of 
18%-8% and 18%-i0%, respectively. 

Modulus of rupture of three green test bars 
pressed at 25, 35 and 45t.s. i. 

C. A.P. SEI-8-8 Powder........... SV 1810. 
Ai. R. j.fin. M. R. p.fin. 3; M. R. p. iii.; 

92 61: 6 39.2 
935 gi. 79.3 
83 84.) 

1,639 145. 23. 
1,680 ic 405 
, 630 68 : 

1,818 294 358 
84 53. 605 

406 

istic distinction and the marked superiority in 
green strength of bodies produced from Surface 
diffusion chroniuna-alloyed iron powder of the 
invention as compared with green bodies pro 
duced from available StaileSS Steel pOWideS. 

The foregoing test results show the character 

processing operations, 
should not be subjected to any material work 

30 

8 
ferous powders of the invention, is the fact that, 
when compacted into a green test bar body of 
the dimensions given above, under pressure of 
25 ; it. : S. i. With no Lorica.at, Such compacted 
green body exhibits a nodulus of rupture. Several 
tiines, gi'eater thana, Similar body produced by 
compacting prior art corrosion-resistant powders 
of the same composition, under the same pres 
Sure. in particular, such green test bar con 
pacts made of powders of the invention have a 
nodulus of rupture of at least 200 pounds per 
Square inch, the modulus of rupture being in fact 
in all cases at east 400 pounds per Square inch, 
and higher. 
In producing. Surface-alloyed soft, plastically 

readily deformable ferrous powders of the inven 
tion, it is important that at all stages of the 

the powder particles 

hardening forces. Thus, for instance, it is esser 
tial that in initially sintering the Soft iron power 
dei particles into porous sinter cake fragments 
Suitable for packing into the chromium-alloying 
pack, the powder which is to be subjected to the 
initial sintering action should not be compacted 
under any substantial pressure unless special pre 
cautions are taken, such as the addition of Sub 
Stantial aimounts of volatile material, for exams. 

; ple. Ofgainic lubricant and/or binder material. If 
a substantial compacting pressure, even as low 
as 5t. S. i., is initially applied to such soft ferrous 
metal powder (Fe, Ni, Co.) in preparation for the 

initial sintering process which precedes the 
chronium-alloying treatment, such chromium 

The chromium-alloyed powderparticles of the 
invention retain their Spongy character, have a 
tentacle-like shape, and they have a lowered car 
born content. Such compacted green bodies pro 
duced from soft, moldable chronium-alloyed iron 
powder of the invention, as well as the powder 
itself, exhibit excellent corrosion-resistance under 
prolonged salt-spray tests, and they also resist 
attacks by 30% HNO3, cold or hot. 

It should be noted that Similar results are 
obtaired with other types of Soft, plastically de 
forniable iron powders. Furthermore, the inven 
tio is not limited to metal powders having the 
particular size distribution given in the example 
described above, but may be practiced. With soft 
powders of any particle size distribution of the 
type used for producing bodies by powder metal 
lurgy technique. 

he rests of rupture tests given in the fore 
going table were obtained by test equipment and 
test methods described by J. P. Scanlan, and R. 
P. Seelig in Powder Metallurgy Bulletin, vol. 4, 
p. 128 (1949) with each test bar 1A.'' long, s' 
wide, and A thick. 
The tests shown in the table are representative 

of the characteristic distinguishing chromium 
surface-alloyed ferrous powders of the invention 
over corrosion-resistant prior art powders of sim 
ilar composition. Thus, soft chromium-surface 
alloyed and corrosion-resistant ferrous powders 
of the invention differ from heretofore available 
corrosion-resistant powders of generally similar 
composition by the fact that green compacts 
made from powder of the invention have a mate 
rially greater rupture strength-at least 2 to 4 
times greater than similar green powders of simi 
lar composition and corrosion-resistance. 
A distinguishing characteristic of the corro 

sion - resistant chromitin is surface - alloyed soft 

alloyed sinter cake fragments will acquire a rela 
tively great density and strength, and large forces 
Will be required for crushing, them, and the re 
Sulting powder particles will be severely work 
hardened. Unless the sinter cake fragments 

40 
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which are to be subjected to the chronium-alloy 
ing treatment are of low density and strength- - 
obtainable if the powder particles subjected to 
the preliminary sintering action have not been 
initially compacted under substantial pressure 
the Crushing energy required for pulverizing the 
chroniuin-alloyed sinter cake fragments would 
be SO large that the resulting chromium-alloyed 
powder particles Would be distorted in shape and 
Work hardened, making it necessary to apply 
undesirably large pressure for compacting them 
into bodies of the required final shape. 

In other Words, when producing surface 
chronium-alloyed soft ferrous powders of the 
invention, it is essential that the sintered powder 
cake fragments or lumps-produced in prepara 
tion for the chronium-alloying treatment 
Should have a low density, and correspondingly 
low strength, so as to minimize any work hard 
ening in parted to the powder particles when 
pulverizing the Sintered powder cake fragments 
or lumps following the chromium-alloying 
treatment, thus resulting in powder particles 
exhibiting only mininized work hardening. 
Furthermore, it is also essential that the sintered 
powder cake fragments or lumps produced in 
preparation for the chromiurn-alloying treat 
ment-should have high porosity so that they 
are permeable to the chromium halide gases, by 
means of which the chromium-alloying treat 
ment is carried on. 
AS explained above, the proper range of the 

density of the Sinter cake lumps-produced in 
preparation for chronium-alloying treatment 
is about 1.5 to 4.0 g./cc. The modulus of rup 
ture of Such sinter cake lumps is correlated to 
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their density, being about 50 p.s. i. for sinter 
cake lumps having a density of 1.7 g./CC, and 
increasing to about 6500 p. S. i. for sinter cake 
lumpShaving a density of 4.0 g./cc. 

Furthermore, as long as the sinter cake lumps, 
produced in preparation for the chromium 
alloying treatinent-are of low density and have 
a low modulus of rupture in the range set forth 
above-they will also have the same density and 
the same modulus of rupture after being sub 
jected to the chromium-alloying treatment 
whereby chromium is surface-alloyed with the 
individual powder particles of Such sinter cakes. 

Accordingly, to obtain chromium-alloyed pow 
ders of the invention, it is sufficient to control 
the density and/or modulus of rupture of the 
sinter cakes or sinter cake lumps produced in 
preparation for the chronium-alloying treat 
nent. As long as the density of such sinter cake 
lumps is not more than about 4.0 g./cC., and 
their modulus of rupture is not more than about 
6500 p.s. i. they will, after the chromium-alloy 
ing treatment, remain of Sufficiently small den 
sity and Strength as to germit their pulverization 
Without naterial work hardening of the powder 
particles. As a result, the chronium-alloyed 
powder obtained from such sinter cakes will have 
the desired high degree of SoftneSS and plastic 
deformability as to make it poSSible to compact 
such powders into green compacts having a 
nodulus of rupture of at least 200 p. S. i. and 
higher. 

By Sintering Such green Compacted bodies of 
chronium-alloyed soft iron powder of the inven 
tion, compacted with only a relatively Small 
pressure, there are obtained bodies having the 
Sane strength as those produced by compacting 
and sintering prior-art stainleSS Steel powders of 
similar coin position which have been compacted 
with much higher preSSure. GOOd results are 
obtained by Sintering green Compacted bodies of 
such chromium-alloyed powder at a tempera 
ture in the range of 1200 to 1400° C. Within a 
protective atmosphere, Such as dry hydrogen, or 
of purified Cracked ammonia. It is also desir 
able to maintain the protective atmosphere at a 
dew point of about -50° C. or below. Such low 
dew point atmosphere may be obtained by a Suit 
able getter such as pure chromium powder or 
ferro-chrome powder (70% Cr) mixed with alu 
minum oxide Al2O3. 
By way of example, a green test bar of the 

specific chronium-alloyed iron powder of the in 
vention, having properties Set forth above, was 
compacted under preSSure of 25 t. S. i. and then 
sintered at 1300° C. for one hour within a pro 
tective atmosphere in the nanner described 
above. The so-sintered bar exhibited a shrink 
age of 8.23%, and had a density of 6.68 g/cC. It 
had Rockwell hardness F 37.5, yield point 21,600 
p. S. i., ultimate tensile strength 26,450 p. S. i., 
elongation 8.5%, reduction in area 4.06%. 
The test bar, sintered in the above manner, 

repressed or coined at a pressure of 35 t. S. i., 
and resintered for another hour under the Same 
sintering conditions, exhibited a Shrinkage of 
1.73%. The resintered bar had Rockwell hard 
ness F 25.5, yield point 26,900 p. S. i., ultimate 
tensile strength 45,000 p.s. i., elongation. 20.5%, 
reduction in area, 19.0%. Each Such sintered 
body exhibited excellent resistance to corrosion 
under prolonged exposure to Salt-Spray as well 
as to hot and cold 30% HNO3. 
Green compacted bars made from Soft chro 

mium-alloyed iron powder of the invention may 
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10 
be utilized as a very effective electric contact 
material, as bearing material or the like, by in 
filtrating the green compacted bar with silver, 
Copper and alloys thereof. By Way of example, 
a green bar produced by compacting the spe 
cific chronium-alloyed iron powder of the in 
vention having the Specific properties set forth 
above, and compacted under a preSSure of 25 
t, S. i. and having a density of 5.47 g./cC., Was 
infiltrated with pure fine Silver at 1223 C. for 
One hour in a protective atmosphere of dry hy 
drogen. Such Silver-infiltrated bar exhibited an 
infiltration shrinkage of 4.42%, a density of 
7.59 g./cc., a resistance of 17.9 microhms-cm. It 
had Rockweli hardness F 63, yield point 22,800 
p. S. i., ultinate tensile strength 37,000 p.s. i., 
elongation 9.3% and reduction in area, 10.5%. 
A Sinihilar body compacted under a pressure of 

35 t. S. i., and infiltrated with silver in the same 
manner, had a ROckWell hardness F 75.5, infil 
tration shrinkage 7.9%, yield point 27,000 p.s. i., 
ultimate tensile strength 39,600 p.s. i., elonga 
tion 10.5%, reduction in area 9.9%. It is thus 
Seen that Such silver-infiltrated green com 
pacted powder bodies of the invention exhibit 
excellent physical properties, and the infiltra 
tion may be effected at relatively low tempera 
ture in generally available furnaces and atmos 
pheres. Such Silver-infiltrated bodies have also 
the desired dimensional stability and exhibit 
excellent corrosion-resistance under prolonged 
Salt-Spray. 
Chromium-alloyed iron powders of the inven 

tion of the type described above, are also very 
useful for producing corrosion-resistant bodies of 
relatively high hot-strength suitable for applica 
tions requiring corrosion-resistance at elevated 
oxidizing temperatures, as Well as high strength. 
To this end, the shaped sintered compacts of 
chroniuin-alloyed readily noldable powders of 
the invention of the type described herein are 
infiltrated at an elevated temperature, such as 
1100-1250° C. With an infiltrant of copper, or 
a suitable copper alloy. 
By Way of example, a green bar of the specific 

chromium-alloy iron powder of the invention set 
forth above, compacted under pressure of 35 
t. S. i., and having a green density of 5.98 g./cc., 
was sintered for one hour at a temperature of 
1300° C. in a protective atmosphere in a manner 
Specifically described in the previous example. 
The resulting Sintered body having a density of 
6.68 g./cC. was infiltrated with a copper base alloy 
containing about 90% copper, 2% iron, 8% man 
ganese, .%% titanium. The infiltration was car 
ried on at a temperature of about 1200° C. for 
One and One-half hours in an atmosphere of 
purified cracked ammonia, with a pure chro 
mium getter present to keep the dew point of 
the atmosphere at the desired low temperature. 
The resulting infiltrated body had a density of 
7.9 g/cc., yield point 87,700 p.s. i., ultimate ten 
Sile strength 105,250 p.s. i., elongation 6.3%, re 
duction in area 8.3%. The so-obtained body 
thus exhibited excellent dimensional stability, 
and excellent resistance to corrosion under pro 
longed exposure to salt-spray and relatively hot 
Oxidizing gases. 
In other Words, sintered compacted powder 

bodies of the invention, after infiltration with 
the copper alloy, have high strength, and dimen 
sional stability, and they also have excellent re 
Sistance to corrosion. 

According to a further phase of the invention, 
Surface-diffusion chromium-alloyed soft, readily 
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plastically, deformable iron, powders are produged 
in a very economical way from iron oxides, such 
as black mill scale containing, principally, iron 
oxides (Fe3O4), and (Fe0) which is formed when 
rolling and forging iron and Steel. The iron 
oxide mill scale is treated by Subjecting it in a 
pulverized, state to a reduction process, and then 
sintering the resulting iron powderparticles into 
porous pieces, such as lumps. Suitable for Sub 
jecting them to the Subsequent. chromium-alloy 
ing processes in the manner described above. If 
it is desired to combine with such iron powder 
additional elements such as nickel, and/or cobalt, 
the proper proportions of powders of the oxides 
of such additional, metal are mixed with the iron 
oxide powder before subjecting the powder mix 
ture to the initial reduction and Sintering treat 
ment. - is . . . v. 

By way of example, there will now.be. described 
a satisfactory process for producing a chromiurn 
alloyed powder containing soft. moldable iron 
and nickel alloy powder partially chromium-al 
loyed by surface-diffusion of chromium in ac 
cordance with the process of the invention. 
Powder particles of iron oxide mill scale con 
taining essentially Fe2O3 and Feo. are mixed with 
powdered nickel oxide and lamp black, and ball 
milled into a powder of -100 mesh. As an ex 
ample, 200 parts of the mill-scale are mixed with 
22.6 parts nickel oxide and one part of lamp 
black. The powder mixture is then ball. milled 
to powder of. -100 mesh, and placed in treatment 
boats of heat-resistant metal coated on the in 
terior with a stick-Suppressing medium, and 
treated in a furnace under reducing atmosphere 
such as dry hydrogen or cracked ammonia, at 
a temperature in the range between 800 and 
1100° C. for one-half to three hours, and then 
periinitted to cool-in the same atmosphere. Sat 
isfactory results are obtained by such treatment 
carried on at a temperature of about 950 C. for 
one hour. The powder mix may be pelleted into 
pellets before subjecting it to the foregoing treat 
ment, or it may be placed into the treatment 
boat as a thin powder layer about 4 to. 'A' deep, 
in which case the resulting sinter cake produced 
by the reducing heat treatment is broken up into 
lumps. The powder is formed into pellets by 
mixing it with a lubricant and binder so that 
the resultant mixed powder mass may be readily 
made up into small porous pellets, for instance, 
of cylindrical shape, having a diameter of about 
A to 4'', and the same height, with a pellet 
density of 3 to 4 grams per cubic centimeter. 
Any Suitable lubricant and binder which decom 
poses and/or volatilizes at elevated temperatures 
of...about 800 to 900 C. and above, may be used 
as a lubricant, and binder in making such pellets. 
For instance, high fatty acids, such as stearic 
acid, and Salts of Stearic acid. Such as zinc stea 
rate and the like are suitable. for use, as a lubri 
cant. Carbohydrates such as dextrose dissolved 
in Water, or camphor dissolved in alcoholnay be 
used as a binder in making Such pellets. 
The reducing. and sintering treatment carried 

out at an elevated temperature in the manner 
described above causes the different metal con 
stituents of the different powder particles, i. e. 
of nickel and iron powder, to mutually diffuse 
with each other, and the individual powder par 
ticles become actually alloyed. 

In the particular example referred to herein, 
the reducing and sintering treatment was per 
formed at... a temperature of about 1050. C. for 
one hour, resulting in Sinter cake pellets having 
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a density about 2.3.g./66, with a weight loss of 
about 5%. The reduced sintered powder pellefs 
were then packed in baskets within a chrom us 
chloride producing mass, and subjected to a 
chromium-allóying diffusion treatment in a man 
ner similar to that described in connection with the fragmented sinter cakes of sponge iron pow 
der above, except that the contents of each 
basket was subjected to a continuous chromium 
alloying treatment of an overall, duration of 
about 52 hours as follows: The same initial 
treatment, including the four hours during which 
hydrogen only was passed through the retort 
space, followed by eight treatment sequences of 
six hours each, and each sequence being identical 
with the treatment sequence applied to the 
Sponge iron powder, as described above. The 
foregoing chromium-alloying treatment was car 
ried on at a temperature of 900° C., and the 
baskets were then cooled in an atmosphere of 
flowing hydrogen, 
The so-chromium-alloyed sinter cake frag 

ments were then crushed into powder which had 
the following physical properties: Apparent 
density 1.90.g./cc., figw 43.6 seconds per 50 grams, 
hydrogen loss .012%, iron content 74.85%, nickel 
3.6%, chromium 16.5%, titanium .2%, carbon 0.5%. The So-chromium-alloyed powders when 
compacted into green, test bars under a pressure 
of 25. t. S. i., had a calculated, modulus of rup 
ture of 960 p. s. i.; when compacted under a 
pressure of 85, t. S. i., a modulus of rupture of 
i800 p.s. i.; and when compacted under a pres 
Sure of 45 it. S. i., a modulus of rupture of 2580 
9. S. l. 
The iron nickel, alloyed-powder particles which 

have been Subjected, to the chromium-alloying 
treatment in the manner, described above, when compacted into, shaped, bodies and then sintered 
and/or infiltrated, exhibited superior physical 
characteristics in a manner analogous to the sin. 
tered, and/or infiltrated, compacted bodies from 
Sponge iron powder described above. 

Bodies similar in properties to those exhibited 
by, known alloys, containing one or more of the 
metals, of the group including iron, nickel, co 
balt, with Or, without modifying additions, such 
as molybdenum, tungsten, in combination with 
chromium, may be produced, in a manner anal 
ogous to that described in connection, with the 
nixed iron, and nickel powders. To this end, 
than chronium, are mixed in proper propo 
and the mixed-powders are subjected succes 
to the reducing and chromium-alloying 
nents in a manner similar to the treatments 
described above as applied to the mixture of 
powders of the oxides and nickel, 
By prolonging the chronium-alloying treat Ibjecting the chromium-alloyed 

ellets or cake, frag 

powders of the different selected metals other 

sinter cake pieces. 
tional heato ments, to a suitably 

tering treatm 

icles, and this eatise uch powd 

treatment, causes the different metals of the indi 
vidual powder particles, as well as their chro 
mium content, to mutually diffuse, thereby giving 
the resulting body, the characteristics of the de sired, metal alloy; composition. 
The invention thus makes it possible to pro 

      

  



2,656,595 
3 

duce in an economical way from readily moldable 
powders of the different metals, such as iron, 
nickel, cobalt, molybdenum, tungsten, and the 
iike, bodies of desired complicated shape having 
properties heretofore obtainable only by Inaking 
such shaped bodies out of ingots produced by 
alloying the different metals in a molten state. 
In contrast therewith, in order to make Similar 
shaped bodies by prior-art practice, the alloy 
metal ingot combining the different netals had 
to be shaped by inachining operations, or in the 
alternative, the alloy ingot had to be first pull 
werized and the hard powder particles of Such 
alloy ingot used for making the desired shaped 
body by a more difficult powder metallurgy 
proceSS. 
There will now be described by Way of exam 

ple, one satisfactory procedure for producing a 
chronium-alloy powder body containing in de 
sired proportions iron, nickel, tungsten, molyb 
denum, from the powder oxides of these different 
metals by subjecting the mixtures of the different 
oxide powders to a combined reducing and Sin 
tering treatment which also causes alloying of 
their different metallic constituents, followed by 
a chronium-alloying treatment in a manner 
analogous to the treatient described above aS 
applied to powder mixtures of iron and nickel 
oxide powderS. 

Powders of nickel oxide, iron oxide (inil Scale), 
molybdenum oxide (MOO3) are nixed in proper 
proportions So that after the "educing and 
chronium-alloying treatments, the resulting 
chronium-alloy powder will contain the dif 
ferent netals in proportions corresponding to 
the desired end product. The powders of the 
different metal oxides are ball milled to bring 
thern down to a proper size, such as -100 mesh, 
and then subjected to a reducing and Sintering 
treatinent in a manner sinilar to that described 
in connection with the reducing and sintering 
treatment applied to the mixture of mill Scale 
powder with nickel oxide powder. The ball 
milled mixture of the powders of iron Oxide, 
nickel oxide, molybdenum oxide, and lamp black 
is thereupon first Subjected to a reducing treat 
ment at about 600° C. for One hour in a pro 
tective atmosphere of dry hydrogen for par 
tially reducing the iron oxide, nickel oxide, and 
for reducing Mo.O3 and MoO2. The treatment 
temperature is then raised to about 1000°-1150 
C., and the treatment continued for another hour 
to reduce all remaining oxides to a metallic State 
and at least partially alloy them. Where tung 
Sten content is desired, the proper proportion of 
tungsten oxide powder is added to the original 
Oxide powder inix, and Similar heat treatments 
are applied; however, both these treatment tem 
peratures are raised by about 50° to 70° C. 
The broken Sinter cake lumps or pellets of 

the reduced metal powder alloy are then sub 
jected to a chromium-alloying treatment car 
ried on in a manner similar to that described 
above in connection. With the chronium-alloying 
treatments applied to the alloy powders of iron 
and nickel powder, resulting in alloy powder par 
ticles containing the proper proportions of the 
metals iron, nickel, molybdenum, and/or tung 
Sten, combined with the proper proportions of 
chronium So that the resulting powder contains 
the different metals in proportions correspond 
ing to the desired alloy. Such chronium 
alloyed powder particles may be readily con 
pacted or coined into bodies of desired shape, 
whereupon the so-compacted bodies may be sub 
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14 
jected to a sintering operation with or without 
an infiltrating treatment, whereby the shaped 
body is given the desired great strength. The 
sintering operation may be carried on for a 
Sufficient length of time to cause the different 
metal constituents of the different powder par 
ticles to alloy with each other, and with chro 
mium to any desired extent. It is thus possible 
to produce in a highly economical way strong 
bodies exhibiting great hot strength and corro 
Sion-resistance out of oxide particles of the dif 
ferent metals which heretofore had to be alloyed 
in molten state at high temperatures in order 
to obtain bodies of comparable strength. 

It should be noted that when producing chro 
miun-Surface-alloyed soft metal powders of the 
invention from oxides of the desired metals, such 
as Oxides of iron, nickel, cobalt, molybdenum, and 
tungsten, and mixtures thereof, the oxide powders 
may be pelleted into pellets for the preliminary 
reducing and sintering treatment. When such 
pellets are subjected to the combined reducing 
and sintering treatment of the type described 
above, the admixed lubricant and binder is de 
composed and driven off. As a result, the re 
duced pellets have the required low density and 
Staal Strength, comparable to the strength of 
the sinter cake fragments produced by sintering 
Sponge iron powder deposited in a layer of about 
A of an inch within the treatment boats in the 
preliminary treatment of Sponge iron powder de 
scribed hereinbefore. As long as the Sinter Cake 
pellets resulting from the preliminary reducing 
and sintering treatment have a density not ex 
ceeding about 5.0 g/cc., and a modulus of rupture 
not exceeding about 6500 p.s. i., the sinter cake 
pellets will yield chromium-alloyed powders hav 
ing the desired high degree of softness and plastic 
deformability as to make it possible to compact 
such powders into green compact bodies having a 
modulus of rupture of at least 400 p. S. i. and 
higher with a pressure of only 50,000 p.s. i. 
As used in the Specification and claims, the 

expression “sinter cake body' includes both sinter 
cake lumps and sinter cake pellets of Sufficiently 
low density and strength that upon Comminution 
of such chromium-alloyed sinter cake body into 
minute chromium-alloyed powder particles hav 
ing the desired high degree of softneSS and plas 
tic deformability which make it possible to com 
pact such powders into green compacted bodies 
having a modulus of rupture of at least 400 p.S. i. 
and higher with a pressure of only 50,000 p. S. i. 
The principles of the invention described above 

in connection with Specific exemplifications, 
thereof, will suggest various other modifications, 
and applications of the Same. It is accordingly 
desired that the present invention shall not be 
limited to the specific exemplifications shown 
or described therein. 
We claim: 
1. A sintered cake body of powder particles 

which is readily comminutable into Soft powder 
particles, the particles of Said cake body being 
composed essentially of at least one metal of the 
group consisting of iron containing at most about 
.2% carbon, of nickel, and of cobalt, and miX 
tures and alloys of Said metals, Said cake body 
having been subjected to a chromium-alloying 
treatment causing at least the Surface layer of 
said particles to become alloyed with chromium 
deposited on the particles from a chromium Com 
pound at elevated temperatures, Said cake body 
containing at least 3% chromium and having at 
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most a density of about 5 grams per cubic centir 
meter. 
2. A Sintered cake body of metal powder partir 

cles, which is readily comminutable into soft retal 
powder particles, said cake body being composed 
eSSentially of at least, one metal of the group co 
sisting of iron containing at most about .2% car 
bon, of nickel, and of cobalt, together with at 
least one metal of the grotp consisting of molyb 
derium and tungsten, and of mixtures and al 
loys of Said metals; Said cake body having been 
Subjected to a chromium-alloying treatment 
causing at least the surface layer of said particles 
to become alloyed with chromium deposited on 
the particles from a chromium compound at ele 
wated temperatures, said cake body containing at 
least 3% chroniura, and having at most a density 
of about 5 granas per cubic centimeter. 

3. A. Sintered cake body of metal powder par 
ticles which is readily conaminutable into soft 
cetal powder particles, the particles of said sin 
tered body being corposed essentially of at least 
One metal of the group consisting of iron con 
taining at naost about .2%, carbon, of nicke, and 
of cobalt, and mixtures and alloys of said metals, 
Said Cakebody having been subjected to a chro 
inium-alloying treatment causing at least the 
Surface layer of Said particles to become alloyed 
With chromium deposited on the particles from a 
chronium compound at elevated temperatures 3 
SQ that Said body contains at least 3% chronium, 
Said Cake body having at most a density of about 
5 ganas per cubie centimeter, and a modulus of 
rupture Which is at, most about 6500 pounds per 
Square inch, whereby said body may be pulverized 
into minute chromium-alloyed powder particles 
which exhibit raininized work hardness and sufi 
ciently great Softness. So that when the chro 
niura-alloyed particles are compacted into a 
green body under pressure of about 50,000 pounds 
per Square inch, Said green body exhibits a modus 
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lus, of rupture of at, least 200 pounds per square 
inch. 

4. A sintered cake body of metal powder par 
ticles which is readily conninutable into Soft 
metal powder particles, the particles of Said cake 
body being composed essentially of at least one 
metal of the group consisting of iron, containing 
at, most, about .2% carbon, of nickel, and of co 
balt, together with at least one metal of the group 
consisting of molybdenum and tungsten, and of 
mixtures and alloys of said metals; said cake 
body having been subjected to a chromium-alloy 
ing treatment causing at least the Surface layer 
of said particles to become alloyed with chromium 
deposited on the particles from a gaseous chro 
mium compound at elevated temperatures, said 
cake body having at most a density of about 5 
grams per cubic centimeter, and a modulus C. 
rupture which is at most about 6500 pounds per 
square inch, whereby said body may be pulverized 
into minute chromium-alloyed powder particles 
which exhibit, minimized work hardneSS. and Sufi 
ciently great softness so that when the chro 
mium-alloyed particles are coimpacted into a 
green body under pressure of about 50,000 pounds 
per Square inch, said green body, exhibits a modu 
lus of rupture of at least 200 pounds per square 
inch. 

GEORGE STERN. 
S.J. SINDEBANO. 
J. P. SCANLAN. 
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