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This invention relates to high-carbon ferrous 

base composition for producing articles by pow 
der metallurgy. It is particularly directed tothe 
use of powdered iron in the manufacture of fer 
rous-base metallic articlesby powder metallurgy 
methods. , - 

In the prior art in powder metallurgy, such 
ferrous base components as powdered sponge iron, 
powdered electrolytic iron and powdered cast iron 
have been employed. Powdered sponge iron, elec 
trolytic iron or gray cast iron possess certain 
undesirable features which will be apparent from 
the following description in which both sponge 
iron and electrolytic iron will be referred to as 
"sponge iron.” > 

Iron in a finely comminuted high purity form‘ 
is 'usually produced by direct gas reduction of 
powdered oxides of iron, or by the electrolytic 
deposition of iron, and hence is, relatively expen 
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sive. Electrolytic iron usually requires annealing ‘20 
for softening. Due to its softness pure iron can 
be readily ‘cold compacted. For many applica-j 
tions this soft ironis lackingln desired strength 
and hardness properties. Hence at times the fin 
ished products are subjected ‘to carburization 25 
treatments and subsequent heat treatment ‘opera 
tions to obtain the desired properties. Also at 
times it is desirable to have free graphite inter-v 
mixed with iron to obtain the lubricating effect 
of the contained graphite, in such articles as 3" 
bearings and the like. This is facilitated by me 
chanically, mixing powdered graphite with the 
sponge iron prior to briquetting. ‘ 
One'of the drawbacks of the use of sponge iron 

burization and subsequent heat treatment of the 
sintered articles. Cast gray iron or the prior art 
is essentially'an alloy of iron, carbon and silicon, 
its major structural constituents being graphite 
in ?ake form and the various products of the 40 
.austenite-pearlite transformation. ' Cast iron 
powders are generally obtained by pulverizing 
gray iron borings and chippings by means of var 

in powder metallurgy‘is the necessity of car- 35 

ious impact and grinding methods and is‘ thus ' 
likely to be contaminated with dirt, grease and 4.5.. 
other objectionable impurities. Though gray 
cast iron is extensively used for bearings and the ' 
like by virtue of its wearing qualities and the 
lubricating effect of its free graphite, cast iron 
powder does not lend itself to cold-compacting or 50 
bonding during the sintering operation and such 
methods must be resorted to as zinc coating of - 
the iron particles or the addition of a substantial 
amount or other constituents to facilitate bond- 5 
ing of the particles. 2 

One object of this invention is to provide a 
relative inexpensive ferrous base metal which can 
be readily comminuted to powder form and which, 
,by a subsequent heat treatment. can be softened 
so as to allow compacting into desired shapes by 
the application of pressure. _ 
.Another object of this invention is to provide 

a ?nely comminuted ferrous-base component 
which has graphite or free- carbon uniformly and 
highly dispersed within the individual iron par 
ticles, making it desirable for use as a bearing 
material and the like. 
A further object of this invention is to provide 

a ferrous-base component which, by virtue of the 
composition, is susceptible to hardening and 
strengthening through the application oi.’ suitable 

, heat-treating methods. 
.Other objects and advantages will appear as 

this description progresses. ' I 

My invention‘ involves the use of powdered 
white or chilled iron in the manufacture of fer5 
rous-base metallic articles by powder metallurgy 
methods. The ferrous-base composition of my 
invention has most of the desirable features of 
all of the above-mentioned prior art materials‘ 
and also has certain desirable features not pos 
sessed by either sponge iron, electrolytic iron, or 
gray castiron. Generally‘ speaking my invention 
provides a powdered ferrous base composition 
which has certain desirable characteristics akin 
to those of sponge iron, other desirable charac 
teristics not attainable with sponge iron, and 
other characteristics akin but more desirable than. 
can be obtained with sponge iron, certain of 
which are brie?y stated in the following. . 

In‘ general, my invention provides a powdered 
ferrous-base composition which is less expensive 
than sponge iron by virtue of its method of manu 
facture; it also provides a powdered composition 
suitable for the manufacture of articles of com 
merce, the hardness and strength of which can 
be varied at will from those akin to malleable 
iron to those of hardened stee1,-by employing ap 
propriate cooling methods from the sintering 
temperature; it eliminates the necessity of car 
burization and subsequent heat treatment of the 
sintered article as is atv times necessary when 
‘sponge iron is employed; it provides 9. components 
which imder most conditions of sintering and 
subsequent coolingwill contain ‘free graphite in: 
nodular-form, highly dispersed andv intimately 

, ‘embedded inthe iron grains, hence affording a 
desirable‘lubricating eifect; it thus provides a 

5 more uniform distribution of graphite than is 



' pact or crushing methods. 

2 

dered sponge iron. 
Whereas cast gray iron powder does not read 

ily bond, the ferrous-base composition of my in 
vention bonds readily after a suitable heat-treat 
ment and can be sintered at temperatures lower 

- than those usable with pure iron. I therefore do 
not need to coat the powdered metal with vzinc or 
employ any other constituent to effect bonding, 
the advantages of which are self-evident. 
The white or chilled iron composition of my 

invention is essentially an alloy of iron, carbon 
and silicon, quite similar to that of cast gray 
iron; however, it di?‘ers structurally ‘from cast 
gray iron. It is known that alloysconsisting?of ‘ 
essentially iron, carbon and silicon may have 
either a gray or white structure, depending on 
the adjustment of composition and/or the rate of 
solidi?cation and cooling to a low temperature. 
The structural constituents of white or chilled 
iron are largely cementite (FeaC) and the various 
transformation products of austenite. Gener 
ally, the major portion of the contained carbon 
is present in the combined form as cementite, 
which makes the material quite hard and brittle; 
hence, it can be readily pulverized by various im 

“Free” or ,“massive” 
cementite is not generally found in cast gray iron, 
rather the contained carbon is largely present as 
free graphite in plate-like form, the remainder 
being in the form of pearlite. 

Briefly, the preferred method which I use in 
obtaining my product consists of granulating ‘the 
molten metal by any suitable process which will 
induce rapid enough cooling to produce the white 
or chilled iron. structure and form pellets of a size 
which can be readily comminuted to powder by 
various impact and-grinding methods. Good re 
sults have been obtained by directing a stream of 
water against a stream of the molten-iron as it 
?ows from a container or from a cupola. 1, how 
ever, do not wish to be limited to the above pre 
ferred method which I have mentioned largely 
'due to its economic feasibility and other advan= 
tages developed later in the speci?cation. 
The permissible range of composition of the 

white or chilled iron of my invention would in 
general embrace all the cast iron materials, and 
would in general containv the common chemical 
elements of such materials in amounts within the 
limits given below: 

. Per cent 

Carbon 2.00-3.80 
Silicon .50-2.60 
Manganese ________________________ __ 0.2 -1.0 
Phosphorus ________________ __'_____’_i_ 0.1 -1.0' 
Sulfur ' .05- .3 

The generally preferred limits of the common-' 
ly present elements are somewhat narrower than 
the above-mentioned amounts. They‘ are the 
following: , ‘ v > Y 
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pomible by mixing powdered graphite with pow the in?uence of the component chemical ele 
ments on the ease of subsequent malleablization 
of the white iron powder and their e?ect on de 
sired physical or mechanical properties. 
By employing powdered white or chilled iron 

of composition within the stated preferred range I 
of carbon, silicon, manganese, phosphorus and 
sulfur contents, and produced by the stated pre 
ferred method, ‘I have been able to effect prac 
tically complete malleablization, or in other words 
practically complete decomposition of cementite 
(Fe3C) in a shorter period of time than'I am 

- aware has heretofore been reported. As an ex 
ample of the simplicity of processes by which it 
is possible to malleablize the white or chilled iron 
of composition within the preferred limits of my 
invention,’ the following experiments are cited. 
A powdered white iron containing 3.42% car 

’ bon, in the combined form as cementite, was 
20 packed in a sealed container, inserted into an ' 

electrically heated muiiie furnace and heated to a ' 
temperature of 1700° F. A period of three 
quarters of an hour was required for the powder 
to reach this temperature at which time the cur 
rent to the furnace was shut off and the powder 
and furnace cooled to 1390° F. in about one hour. 
The temperature of 1390*’ F. was maintained for 
one-half hour, then the powder was cooled with 
the furnace to room temperature. Only .05% 
carbon was found remaining as cementite after 
this treatment, the remainder. having been 
changed to temper carbon, a form of graphite. 
Another similar treatment with the exception of 
the maximum temperature being but 1650° P. re 
sultedin malleablized product containing but 
08% combined carbon. The material resulting 
from these heat treatments was quite soft and 

‘ readily compacted. 
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Other cycles of heat treatment for malleabli 
zation may be employed and be within the scope 
of my invention, and it is realized that with ad 
lustments in composition to enhance certain de 
sirable properties of the product other cycles of 
heat treatment ma vnecessarily have to be em 

1 ployed to effect decomposition of the carbide and 
softening of the powder. The simplicity‘ of the 
malleablization cycle cited is thought to be large 
13* due to the fine structural nature of the_white 
irons produced by my preferred method and to 
the balance or adjustment of composition of 
white iron material of my preferred composition 
limits. . 

The malleablized white iron powder of my in 
vention is structurally distinctly different from 

00 

- Per cent 

Carbon 3.00-3.55 
Sihmn - ' 12042.0 

= w anese _____________ __l___'___ Less than 0.50 
Phosphorus _________ _-_ ________ __ Less than 0.6 > 

Sulfur. _____ __'_ ____________ .._'__.. Lessthan .15 

Additional‘ elements may be added such as 
copper, nickel, chromium, molybdenum, et cetera, 
to modify. and enhance certain properties or to 
either modify or enhance such properties. I con 

The selection of the speci?c composition of the 

cast gray iron in that the former contains small 
nodules of graphite well dispersed in aferritic 
matrix, while cast gray iron generally contains 
relatively coarse plate or stringer-like areas of 
graphite in a pearlitic matrix._ The malleablized 
white iron powder is softer than cast gray iron 
and hence can effectively be compacted while the 
latter cannot; this difference in compacting prop 
erties is probably also due in part to the dif 
ierence inthe form and distribution of the free 
graphite in the two materials. 7 
After the malleablization. treatment of the white 

iron‘ powder of my invention‘ the steps necessary 
for the formation vof metallic articles,~such as 

‘ briquettlng and sintering, are substantially the 
70 

' sider that this is within the scope of my‘invention. ‘ 

vwhite orchilled iron is to some extent based .on 75 

same as employed'in the art of powder metal 
lurgy; the exact procedure will be dependent on 
the porosity,’ hardness and strength or other 
properties desired in the ?nished article. The 
heating for sintering will effect the reabsorption 
of somecarbon to form austenite at temperatures 



~ em loyed. 
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above the critical temperature (All, hence the 
cooling procedure through the austenite-pearlite 
transformation will determine the matrix struc 
ture and affect the hardness and strength of the 
sintered product. . ‘ a! 

If the cooling rate from the sintering tem 
perature is extremely slow, the result of the 
austenite transformation on cooling will be a‘ 
structure consisting largely of ferrite and tem 
per carbon. When the cooling rate is rapid as 
by quenching from‘ the sintering temperature, 
the transformation product from austenite will 
be martensite. Intermediate cooling will pro 

10 

duce such structures as a mixture of ferrite and - 
pearlite and the resulting products will have the 
hardness and other properties usually associated 
with these diiierent microstructures. The com 

15 

position of my invention is thus capable of pro- ' 
duolng powder metallurgy’ articles of a wide va 
riety of properties. 
Certain test results which give an' indication 

of the order and range of properties that can 
be obtainedwith the malleablized white iron 
powder of’my invention are presented in Table I.‘ 
' Table It gives the screen analysis of the malle 
ablized white iron powder employed in making 
the test specimens. The screen analysis given 
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in Table II is by no means limiting because it is‘ 
desirable to vary the‘ screen analysis to modify 
compacting, sintering ,and the resulting prop; 
erties. ' 

Taste I.—Properties_ of pressed and sintered spec 
imens of malleabiieed white iron powders 
#226x . v . 

' ci’mlm' Belati I l 70 sintering temperature _ h Density poms", . 

Gum/cc. 
1815° F ___________ _. 6. 10 28. 3 
l865° F-.- 5. 25 . 27. i 
1880° F. -_ 5. 38 25. 8 
1coo° F- - _ 5. 54 - 23. 0 
1930’ _ _- 5. 88 18. 3 
195? F _____________________ __ 5. 99 1B. 8 
1915*‘ F. ____________________ _- c. 14 14. 7 

s?eclmens were hollow cylinders or bushings .7" 0. D. x 1" 
a 0.!" wall. A hrlqnetting premnre of 69,1110 p. a. L, was 

! Sinterin conducted in hydrogen atmosphere at temperature 
one hour. cooled. 

1 Density oi material as compacted 5.31-porosity 26.4%. 
4 Relative porosity was obtained by co 

sintered material with that of malleable iron 

TABLE lI.—,Pa.rticle size distribution of malle 
oblieed white iron powders-#226 

1 The 
long, wit 

Cumulative I 

cent by w ght 
on sieve 

U. 8.8. screen size 

m 0.2 
100 1.8 

‘200 20.1 
m 26.6 
m ........................................... -_ are 

Pan (-325) .................................. ._ moo 

Thedata in Table 1.... cited to give a brief 
indication of the range of properties available 
as a function of sintering temperature. 
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termines to a large extent the capacity of the 
material to absorb a lubricant in such applica 
tions as bearings, the material of my invention 
will contain, under most conditions of sintering 
and‘ subsequent cooling, free graphite in nodu 
lar form highly dispersed within the matrix. 
thereby 'enhancing the‘ lubricating qualities of‘ 
the material. As previously pointed out, the 

. matrix may vary over a wide range of micro 
structures depending upon the rate of cooling. 
It is within the scope of this invention, when 
special properties are desired-to add some graph 
ite to my preferred powder before compacting. 
Comparative wear tests, both oilless and lubri 

cated, have indicated that the materials‘ made 
from the malleablized white iron powders of my 
invention compare favorably with hearing ma- . 
terials made from Swedish sponge iron and 
graphite and the commercial porous bronze 
bearings. 
Whereas the material of my invention whenv 

used alone compacts and bonds readily and has 
chemical and structural, characteristicsc which 
make it desirable and adaptable for innumerable 
applications, it may also be used as a compo 
nentin more complex materials for special pur-‘ 

For example, it is‘ within the scope of 
this invention to add other powdered metals and 
alloys to my preferred composition ‘of a malle 
ablized white iron powder and good'results have 
been obtained when the mixture‘ contained ap 
proximately 10% powdered copper and 1V2% 
powdered graphite.’ The special additions would 
be made when it is desirable to develop in the 
?nished product special properties or to modify 
the sintering temperature, especially to lower the 
sintering temperature. - 

. '- Some of the important features of my inven 
tion are that: It provides, a material which is 
relatively inexpensive and ‘which can be readily 
comminuted topowdered ?form; it provides a 
material, the chemical composition of which may 
be selected to- facilitate ease of malleablization 
and/or to develop or enhance certain desirable 
mechanical or physical characteristics in the ?nal 
product; it provides a ‘material which after a 
suitable malleablization heat treatment can be 
compacted into most any desirable shape; it 
provides. a material which by adjustment of the 
process of cooling from the sintering tempera 
ture can produce a wide range of mechanical 
and .physical properties; it provides a material 
which 'under most conditions- of sintering and . 
subsequent cooling- will contain free graphite uni- . 
iormly and highly dispersed. 
For the purpose of_ the claims in this applica 

tion, the term. "mat ” will be used to mean 
1 the principal structure obtained on cooling from 

’ Variations in the cooling process from the sin- ' 
tering temperatures are capable of producing a 
wide range in strength, hardness, ductility and 
wear resistance. 

70 

The porosity'of the powdered metal articles 
‘is mainly a flmction of the particle size of the 
powders, the compacting pressure, and the sin 
tering temperature. Whereas the porosity de 

the sintering temperature. As previously point 
ed out,,the structure or matrix'will vary depend 
ing upon the sintering temperature and time 
and particularly upon the rate of cooling from 

. the sintering temperature. Likewise, in the apé 
pended claims the term “austenite transforma 
tion" is always used in connection with cooling 
from the sintering temperature and is used to 
include the resulting products whether they 
be martensite, pearlite or ferrite, or a 'combina 
tion or two or more of these. 
~ Having thus described my invention, what I 
claim is: ' ' ~ 

_ 1. As a' new article or manufacture. a metallic 
article such as bearings, small machine parts, 
hardware, etc., originally formed from ?nely’, 



4 
comminuted high carbon chilled white iron which 
has been malleableized by a heat treatment that 
converts a major portion of the combined car 
bon into temper carbon which is highly dispersed 
in small nodules intimately embedded in the 
matrix, and which has been compacted andsin 
tered by powder metallurgy methods and cooled 
_from a temperature above that of the austenite 
transformation at such a rate as to effect the de 
sired microstructure and mechanical properties. 

2. A metal powder designed for compacting 
and sintering to form shaped articles, said 
powder’ comprising malleableized powder-like 
particles, with substantially all of said powder 
like particles embodying an iron matrix and car 
bon with said carbon mainly composed of tem 
per carbon highly dispersed in small nodules in 

'_ timately embedded in the matrix. 
3. A metal powder designed for compacting 

and sintering to form shaped articles, said pow 
der comprising malleableized powder-like par 
ticles, with substantially all or said powder-like 
particles consisting of from 2.0 to 3.8 per cent 
carbon, from 0.50 to 2.60 per cent silicon, from 
0.2 to 1.0 per cent manganese, with the usual 
impurities 'such as up to 1.0 per cent phosphorus 

' and up to 0.3 per cent sulfur and theybalance 

. iron, and embodying an ironmatrix and carbon 

10 

15 

20 

25 

substantially all iron, and embodying an iron . 
matrix and carbon with the carbon mainly com 
posed of temper carbon highly dispersed in small 
nodules embedded in the matrix. 

4. A metal powder designed for compacting and 
sintering .to form shaped articles, said powder 
comprising malleableized powder-like particles, 
with substantially all of said powder-like parti 
cles consisting of‘ 3.00 to 3.55 per cent carbon. 
from 1.20 to 2.00 per cent silicon, from 0.2 to 0.5 . 
per cent manganese, from 0.1 to 0.6 per cent 
phosphorus, from 0.05 to 0.15 per cent sulfur and 
the balance being substantially all iron and em 
bodying an iron matrix with the carbon mainly 
composed of temper carbon highly dispersed in 
small nodules intimately embedded in the matrix. 

5. An article of manufacture comprising mal 
leableized powder-like particles with substantial 
ly all of said powder-like particles embodying a 
ferrous metal matrix and carbon with said car“ 
bon mainly composed of‘temper carbon highly 
dispersed in small nodules intimately embedded 
in the matrix, said article having been shaped 
by compacting and sintering the said particles 
of powder together. 

so 
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6. An article or manufacture‘ comprising ' 
malleableized powder-like particles with sub 
stantially all'of said powder-like particles each 
embodying a ferrous‘metal matrix and'carbon 
with said carbon mainly composed of temper 
carbon highly dispersed in small nodules inti 
mately embedded in the matrix, said article 
having been shaped by compacting and sintering 
the said particles of powder together, and cool 
ing from the sintering temperature at such a rate 
as to produce desirable microstructures and me~ 
chanical properties. ' ' . , h 
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' '7. An article of J manufacture -' comprising _. 
malleableized powder-like ‘particle's each consist‘ 
ing of from 2.0 to 3.8 per cent carbon, from 0.50 
to 2.60 per cent silicon, from 0.2 to 1.0 per cent 
manganese, with the usual impurities such as up 
to 1.0 per cent phosphorus and up to 0.3 per cent 
sulfur and the balance being substantially all 

with the carbon mainly composed'of temper car 
bon highly dispersed in small nodules embedded 
in the matrix, said article having been shaped by 
compacting and sintering the particles of powder 
together. ‘ ' . I _ 

8. The method of-producing a powder for use 
in the formation of articles by compressing and 
sintering which consists in subjecting a powder 
of chilled, white iron to a malleableizing heat 
treatment. which converts a major portion of 
the combined carbon therein into temper car 
bon which is highly dispersed in small nodules 
intimately embedded ‘in the matrix. ‘ 

9. The method of producing a powder for use 
in the formation of articles by compressing and 
‘sintering which consists in subjecting a powder 
of chilled, white iron consisting of from 2.00 to 
3.80 per cent carbon, from 0.50 to 2.60 per cent 
‘silicon, from 0.2 to 1.0 per cent manganese, from 
0.1 to 1.0 per cent phosphorus, from 0.05 to 0.3 
per cent sulfur and the balance substantially 
all iron to a. malleableizing heat treatment which 
converts a major portion of'the combined car-. 
bon into temper carbon which is highly dispersed 
in small nodules intimately embedded in the 
matrix. ‘ . 

10. The method of producing a new article of 
manufacture which consists in subjecting a pow 
der of chilled, white iron to malleableization by a ' 
heat treatment that converts a major portion 
of the combined carbon into temper carbon which 
is highly dispersed in small nodules, intimately 
embedded in the matrix, compacting and sinter 
ing by powder metallurgy methods and cooling 
from a temperature above that of the austenite 
transformation at such a rate as to produce‘de 
sirable microstructures and mechanical proper 
ties. . ' - 

11. The process of producing articles of pow 
dered iron which comprises forming white cast 
iron powder particles, annealing said powder par 
ticles to convert the combined carbon therein to 
temper carbon, and thereafter forming and sin 
tering said annealed powder particles to form a 
coherent mass‘. 

12. vThe process or producing powdered iron 
which comprises granulating molten iron to pro 
duce pellets with a white iron structure, com 
minuting said pellets to a powder, and mallea 
bleizingsaid powder to‘ convert a major portion 
of the combined carbon therein into temper car-» 
bon which is highly dispersed in small nodules 
intimately embedded in the matrix. 

OSCAR‘ E. manna. 


