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[5 7] ABSTRACT 

Metal particles are intimately mixed with a sufficient 
amount of sucrose to effect the desired degree of de 
oxidation and/or carburization. The mixture is poured 
into a mold and is then processed by (a) baking at low 
temperature to form a green compact with suf?cient 
handling strength for further sintering and/or hot 
working or (b) heating to above sintering temperature 
to form a stronger compact similarly useful for hot 
forging. ‘ 

7 Claims, 2 Drawing Figures 
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1 
PRODUCTION OF POWDER METALLURGICAL 
PARTS BY PREFORM AND FORGE PROCESS 

UTILIZING SUCROSE AS A BINDER 

This invention is related to the production of powder 
metal preforms and is particularly related to a process 
in which such preforms may be made from economical, 
as-atomized metal powders. 
There are a number of different methods by which 

metal powders (particulate metals) useful in the pro 
duction of powder metal compacts, have been pro 
duced. These methods include, for example, electro 
lytic processes, ore reduction processes and gas and 
water atomization processes. The latter process has re 
cently come to the forefront, especially in the produc 
tion of ferrous metal powders, since the process is gen 
erally more economical and produces particles of a 
shape and density which provice a powder compact 
with enhanced physical properties. US. Pat. No. 
3,325,277 is illustrative of a water atomization process 
which is being commercially employed. In order to pro 
duce a powder useful for further compacting, the as 
atomized powder must ?rst be annealed in a reducing 
atmosphere to soften the powders and reduce the oxide 
surface thereof. As a result of this annealing procedure, 
the particles tend to agglomerate and form a cake-like 
structure, thereby necessitating an additional grinding 
stage to break-up the cake and ?nally achieve the de 
sired particle shape and size distributions required for 
further compacting. In the conventional processes, 
these powders are then compacted under pressure and 
then heated to elevated temperature to form the de 
sired powder metal part or, in a more recent develop 
ment, are similarly compacted under pressure and then 
heated to elevated temperature to produce a preform, 
which is then employed for production of the ?nal part. 

It is therefore an object of this invention to provide 
a process by which high quality powder metal preforms 
can be produced from economical particulate metals 
such as as-atomized metal powders. 
Another object of this invention is to eliminate the 

limitations imposed by practically sized compacting 
presses, in the production of powder metal preforms. 

Still another object of this invention is to provide a 
process which enables the use of relatively inexpensive 
and expendable molds in the production of powder 
metal preforms. 
These and other objects and advantages of the inven 

tion will be more apparent from the following descrip 
tion and appended claims when taken in conjunction 
with: 
FlG. I which is a flow diagram of the conventional 

process for the production of powder metal preforms, 
and 
FIG. 2 which is a ?ow diagram of the basic embodi 

ments of this invention for the production of powder 
metal preforms. 

It has now been found that as-atomized powder can 
be directly employed, if the powder is initially admixed 
with sucrose, which serves to (a) reduce the oxidized 
surface of the powder, (b) act as a carburizing agent to 
achieve the desired carbon content in the powder metal 
preform, and in a further embodiment, (c) act as a 
binder when heated to low temperatures, serving to 
provide a green preform which may be handled and 
transported for further processing. It may be seen in 
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2 
comparing FIGS. 1 and 2, that utilization of sucrose in 
combination with the outlined procedures permits the 
elimination of both the annealing and grinding steps of 
the conventional process. Additionally, a number of 
further bene?ts are achieved by following the proce 
dures of this invention. Referring to FIG. 1, it may be ~ 
seen that in the conventional process, the preform is 
produced by admixing the annealed and ground pow 
ders with a lubricant, and then compacting under high 
pressures, generally in excess of 30 tons per square 
inch. Utilizing such a procedure, it is necessary that 
fully processed (annealed and ground) powder exhibit 
ing a considerable degree of irregularity of particle 
shape be employed to insure adequate strength for han 
dling after pressing. The resulting green preform is then 
sintered under a protecting atmosphere at tempera 
tures of about 2,000° F. In some commercial proce 
dures the pressing and sintering are accomplished si 
multaneously. This procedure has not received signi? 
cant commercial utilization, because of the severe limi 
tations imposed by the necessity of providing die mate 
rials which exhibit very high strength at rather elevated. 
temperatures. 

In contrast with these conventional procedures (i.e., 
embodiment (I) of the instant invention) the blended 
mixture of powder metal and sucrose is poured into a 
ceramic or metal mold, preferably vibrated to a bulk 
density substantially in excess of “apparent density,” 
and then heated at 1,200°—2,400° F in a protective at 
mosphere to effect annealing and sintering in one step. 
For purposes of this invention, the term “sintering” is 
directed to the joining together of metal particles/by 
the application of heat in the absence of substantial ex- I 
ternal pressures, i.e. pressures in excess of l tsi. In view 
of this “sintering’~’ of the as-atomized powder in combi~ 
nation with sucrose, the carbon reducible oxides (e.g. 
various forms of iron oxide as well as the oxides of 
nickel, copper, molybdenum, etc.) of the powder are 
reduced and the metal powders softened in a manner 
analagous to that achieved in the annealing step of the 
“conventional process.” Since this sintering produces 
a preform with good green strength, the grinding and 
pressure compaction procedures of the conventional 
process are clearly unnecessary. Thus, additional econ 
omies are realized through the elimination of the rather 
expensive high-pressure press. Of equal importance, 
the attendant size limitations of the preforms, made by 
conventional process are eliminated. In the conven 
tional process, the pressed preforms are limited (at 
least in a practical sense), by the size of available 
presses, to the production of relatively small preforms, 
generally less than 10 pounds. In contrast, signi?cantly 
larger preforms, ranging up to several hundred pounds, 
may be sintered by the instant process and then forged 
to the desired part. Finally, the lower density of the sin 
tered only preform, permits better metal ?ow during 
forging, resulting in both signi?cant reductions of the ’ 
energy required for forging and in better die ?lling 
characteristics. 

In the second embodiment (II) of this invention, the' 
as-atomized metal powder-sucrose mixture is poured 
into a mold and baked at a temperature (generally 
350°—500° F) suf?cient to soften the sucrose and 
thereby form a cohesive green preform. The relatively 
low-temperatures which may be employed in this bak 
ing procedure, allows the use of ’a variety of inexpen 
sive, expendable mold materials such as various plastics 
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or rubbers or even paper; the only requirement being 
that the mold material be capable of withstanding the 
rather low baking temperature. Therefore, while ce 
ramic or metal molds may be utilized. the full economic 
bene?ts of this embodiment will be realized by utilizing 
such inexpensive, expendable molds. Ceramic molds 
present a further problem in that it is often difficult to 
remove the preform without the necessity of special 
precautions being taken. After the cohesive baked pre 
form is discharged from the mold, it may be processed 
by either of two alternative routes, dependent primarily 
on equipment availability and the size of the preform. 
In the ?rst of these routes, the preform is heated in a 
protective atmosphere and forged in a manner similar 
to the conventional preform and forge process. In the 
second route, the baked preform is sintered (heating 
for at least 10 minutes at temperature, preferably 
l,800°~2,200° F) in a protective atmosphere and then 
forged directly, making use of the sensible heat of sin 
tering; or cooled and then reheated for forging at a 
later time. 

In experiments leading to the instant invention, a va 
riety of potential carburizing materials were evaluated 
for their effectiveness in providing a suitable binder. in 
the tests reported below, all the bonding agents were 
essentially of the same particle size, i.e., minus 200 
mesh. The metal powder was all minus 6 mesh and had 
the following screen analysis: 

Mesh Size Percent Retained 
80 I8. l 
I00 2.0 
I40 4.3 
200 I 3.2 
230 4.0 
325 [06 
pan 47.8 

The metal powder-binder combinations were blended 
and poured into the preform mold, which was mechani 
cally vibrated to achieve a bulk density substantially in 
excess of “apparent density.” 
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strength to be easily removed frornthew?ioldand han 
dled. 

Further tests were conducted to determine if more 
uniform coating of the metal particles could be 
achieved by use of solutions of sucrose in water. Sur 
prisingly, no improvement in distribution was achieved. 
More importantly, it was determined that any substan 
tial percentage of moisture was, in fact, detrimental. 
Thus, at low levels of about 1 to 5 percent moisture, the 
metal powder-sucrose mixture would not flow properly 
even when vibrated, thereby resulting in an incom 
pletely ?lled mold. At higher water levels, the mixture 
did effectively ?ll the mold. However, this necessitated 
an extra step of preliminary drying with the attendant 
requirement for the taking of rather impractical pre 
cautions. Thus, drying had to be achieved at a tempera 
ture below 212° P, so that the packed powder was not 
disturbed by the water boiling-off. Drying therefore be 
came a lengthy and time consuming process, primarily 
because of the small exposed surface area of the pow 
ders in the mold. Even with such preliminary drying, it 
was found that the baked preforms did not achieve the 
same high density as those made with essentially dry 
mixtures. It is therefore preferable that the metal pow 
der-sucrose mixture be essentially dry, i.e. less than 0.5 
percent moisture. 
In general, the features of the instant invention are 

applicable to metal powders or particles from virtually 
any source. However, a few instances do exist in which 
one or the other of the two embodiments may be ruled 
out as inapplicable to the desired objective. For pur 
poses of understanding the applicability of these em 
bodiments, source powders may be divided into two 
categories: (a) relatively pure metal powders with car 
bon reducible oxygen contents below about 200 ppm 
(e.g., inert gas atomized powder, electrolytic powders, 
rotating electrode powders) and (b) metal powders or 
particles with carbon reducible oxygen contents sub— 
stantially in excess of 200 ppm (e.g., as-atomized pow 

TABLE 1 

Weight Baking conditions 
of binder ——_————-—— 

Binder type (percent) Temp. (°F) Time (min.) Results 

Dextrose ............ .. 2.5 400 60 Stuck to mold. no strength, could not be handled. 
5.0 400 60 Do. 
2.5 550 60 Do. 
5.0 550 60 Do. 
5.0 400 90 Do. 
5.0 550 90 Do. 

Lactose .............. .. 2.5 400 60 No bond. remained powder. 
5.0 400 60 Slight bond, however, could not be handled. 
2.5 400 90 No bond, remained powder. 
5.0 400 90 Slight bond, however, could not be handled. 
2.5 550 90 No bond. remained powder. 
5.0 550 90 Slight bond. however. could not be handled. 

Maltose .............. .. 2.5 400 60 No bond. 

5.0 400 so Developed some bond, but softened after cooling. some 
sticking to mold. 

2.5 400 90 Very slight bond. could not be handled. 
5.0 400 90 Developed some bond, however. softened on cooling. 

stuck badly to the mold. 
5.0 550 90 Binder ran to bottom of mold. very severe sticking to 

mold. 
Potato starch ....... .. 5.0 400 90 No bond 

5.0 550 90 Do. 
Methyl cellulose..... 5.0 550 90 Do. 

5.0 550 90 D0. 
Sucrose .............. .. 2.5 400 60 Excellent bond. no sticking. adequate strength for all 

handling. 
5.0 400 60 Do. 

It may be seen from the above, that irrespective of 65 der, mill scale). For purposes of this invention, carbon 
binder concentration and baking temperature, only su 
crose provided a baked, green preform which did not 
stick to the mold and which exhibited suf?cient 

reducible oxygen is meant to include those metal ox 
ides which are capable of being reduced by carbon at 
temperatures below about 2,400° F. As stated herein 
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above, the admixture of the metal powder with sucrose 
serves to reduce the oxidized surface of the powder, act 
as a carburizing agent and in embodiment (ll), act as 
a binder when baked at low temperatures. Thus,lif pure 
metal powders of category (a) are employed, and there 
is no requirement for the carburization thereof, only 
the baked preform route, i.e., embodiment (II) would 
be applicable. In this instance, the carbon would then 
be removed as a result of heating in a controlled atmo 
sphere during sintering and/or prior to forging. Simi 
larly, there are instances when it is only desirable to in 
crease the carbon content by as little as 0.04 percent. 
If relatively pure powders are employed (no attendant 
oxygen reduction), the amount of sucrose added in 
such a case, will be insuf?cient to act as an effective 
binder in the production of a baked preform, i.e. route 
II, and only the sinter preform embodiment would be 
applicable. However, for the production of most pow 
der metallurgical parts, it is generally desirable to effect 
signi?cantly greater increases in the carbon content of 
the starting powders (e.g. > 0.2 percent). Thus, in 
many cases, even when pure iron powders are em 
ployed, the required amount of sucrose will be‘ suf? 
cient to permit the utilization of both embodiments of 
this invention. 
Although applicable to pure metal particles, the in 

stant procedures are of particularly notable advantage 
when employing metal particles of category (b), i.e. 
those with carbon reducible oxygen contents substan 
tially in excess of 200 ppm. If the latter type particles 

20 

25 

30 

6 
crose, when employed in a relatively pure state, prefer 
ably less than 2 pei‘cent ash content, exhibits an ex 
ceedingly high and uniform reactivity, approaching 
that of the better natural graphites. 

The ferrous metal powder-sucrose combination is in 
timately mixed, i.e., by blending, to achieve a uniform 
distribution; poured into the mold; vibrated to increase 
density and then baked at temperatures in excess of 
about 350° F, to “glue” the particles together and 
achieve suf?cient green strength for further processing.‘ 
At least about 1.5 wt. percent sucrose is required to 
achieve a baked preform with suf?cient handling 
strength. Typically, 'water atomized ferrous powders 
(with carbon reducible oxygen Icontents of 1,000 to 
20,000 ppm) require the addition. of from about 2 to 10 
percent sucrose. For economic reasons, the baking is 
generally accomplished in air; in which case tempera 
tures in excess of about 500° F are undesirable due to 
excessive carbon oxidation. Obviously, no such tem 
perature limitation is imposed, if the baking is accom 
plished in a non-oxidizing atmosphere. 

'The method above was employed for the production 
of a differential gear and test bars, from a modi?ed ‘ 
AISI 4600 grade, as-atomized powder. The composi~ 
tion of this powder is shown in Table II. Of the approxi 
mately 1.0 percent total oxygen, about 0.87 percent 
was present in carbon reducible form. To produce the 
desired ?nal carbon content of 0.3 percent (in a sinter 
ing time of one-half hour) it was 

TABLE II.—COMPOSITIO‘N_OF MODIFIED 4600 GRADE STEEL EVALUATED-PERCENT 
BY WEIGHT 

C Mn P S Si Cu Ni Cr Mo ‘Al N Total 0 

0.08 0.43 0.034 0.026 0.021 0.03 0.45 0.03 0.29 0.021 0.002 1.0 i 

are employed it is desirable to know the oxide content 
(i.e. hydrogen loss) of the particles, since it is ?rst nec 
essary that the sucrose reduce the oxides before it can 
effectively combine with the iron powder. Thus, the 
amount of sucrose which is added is dependent on both 
the hydrogen loss of the particles and the desired car 
bon content of the ?nal part. With a knowledge of the 
hydrogen loss of the particles, it would of course be 
possible to calculate the stoichiometric amount of su 
crose required to achieve such a desired ?nal carbon 
content. However, it is preferable that the required 
amount be determined empirically, since it has been 
found that the efficiency of carburization is, to a large 
extent, affected by the characteristics (e.g. grain size, 
shape) of the powders employed. 

In the recarburizing of iron powders, it is already 
known in the art that even when suf?cient amounts of 
carburizing agent are employed, that the mechanical 
properties of the ?nal product are strongly dependent 
on the reactivity of the carburizing agent. Thus, lamp 
blacks, carbon blacks and synthetic graphites exhibit 
poor reactivities and are generally considered unsuit 
able as carburizing agents for the production of powder 
metal parts with optimum mechanical properties. Even 
the natural graphites vary considerably in the reactivity 
they exhibit. Surprisingly, it hasbeen found that su 
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empirically determined that 3.2 wt. percent sucrose 
was required for this particular powder. The blend of 
powder metal and sucrose were poured into a mold, vi 
brated to increase density and baked in air at 400° F for 
about 40 minutes. After cooling, the baked preform} 
was removed from the mold and sintered in a hydrogen 
atmosphere at 2,050° F for 30 minutes. The baked and 
sintered preform was cooled and shipped to another fa 
cility for further processing, which comprised heating 
the preform inductively (in an atmosphere of 5 percent 
H2-95 percent N2) to various temperatures within the 
range of 1,200“ to l,700° F. The heated preforrns were 
then immediately forged at about 60 tons/in2 and then 
air cooled. The resultant mechanical properties of the 
so forged test bars are shown in Table III. Noteworthy, 
is the relatively high ductility and good notch toughness 
achieved, especially in view of the signi?cant cost 
reductions realized using the instant process. The dif 
ferential gears were then further evaluated in the 
“drift-pin” test. In this test, a tapered, hardened steel 
pin is pressed into the bore of the gear until failure oc 
curs. If the gear sustains a load of 20,000 pounds with 
out failure, it is considered satisfactory. Shown in Table 
IV are the results obtained under a variety of forging 
conditions. Even the gears forged at comparatively low‘ 
temperature and pressure, passed the test. 
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TABLE lII.-ROOM-TEMPERATURE ME(“HANICAL PROPERTIES OF PREFORMED AND FORGED TEST BARS MADE 
FROM MODIFIED 4600 GRADE STEEL 

Yield 
strength Fracture 
10.2% Tensile Elongation Reduction Average Energy Lateral appearance‘ 
offset) strength ill i_nch of area hardness absorber? expansiom‘ (percent 

Condition (ks ) tksi) (Percent) (percent) Rn) (ft-lb) (mils) shear) 

Test bars forged from —6-mesh powder 
As-forged' ............................... .. 86.1 94.2 21 4 89 30 39 I00 
Heat-treated’ ............................ .. 90.4 I 09.0 I 2 26 97 32 35 I00 

Test bars forged from -80-mesh powder 
As-forged' ............................... .. 79.3 91.9 27 52 92 30 32 I00 
Heat-treated2 ............................ .. 89.4 I 09.0 I8 57 95 38 43 100 

* Cha V-notch test results with standard size specimens. 
“A ___1'PX_ _. A‘. .._. . 

' Test bars were stress-relieved for one hour at I000°F before'testing. 
2 Test bars were austenitized for one hour at I600°F, oil-quenched and then tempered for one hour at 800°F. 

TABLE IV.—RESULTS OF DRIFFPIN TEST ON MODIFIED 4600 GRADE STEEL 
GEARS FORGED FROM PREFORMS MADE BY LOOSE-PACK PROCESS 

Increase 
Forging Maximum Pin Energy to in bore 

Gear temperature load (I000 displacement failure (I000 diameter 
designation (°F) pounds) linches) inch-pounds) (percent) 

a I660 36.5 1.65 3i.2 22 
b.. I660 39.8 3.00 76.2 43 
0... I660 40.9 2.82 76.2 38 
d... I545 45.3 2.65 72.6 36 
e... 1575 2L0 l.80 23.8 24 
f.... I510 33.5 I94 30.7 25 
g... I565 25.6 I66 25.2 22 
h... I555 22.9 1.90 28.5 25 

I650 24.] 2.60 43.9 34 
j .................. .. I343 26.5 1.36 21.8 18 

Note: All gears were forged with a 4 to I die-lubricant-water mixture except for gear j, 
for which an 8 to I mixture was used. The gears were stress-relieved for one hour at I000°F 
before testing. 

We claim: 
1. A method for the production of baked powder 

metal preforms, which comprises, 
blending a mixture of ?nely divided metal particles, 
a major portion of which are ?ner than minus 6 
mesh, and at least about 1.5 weight percent sucrose 
to obtain a uniform distribution thereof, said sue 
crose being present in an amount suf?cient to in 
crease the carbon content of said metal particles by 
a value greater than 0.04 percent during the carbu 
rization thereof, said mixture being free of a sub 
stantial percentage of moisture, 

?lling a suitable mold with said blended mixture, and 

heating the ?lled mold to a temperature of at least 
about 350° F, but substantially below that at which 
said metal particles will sinter, said heating being 
conducted for a time at least suf?cient to soften 
said sucrose to form a baked preform with suffi 
cient strength for handling and further processing. 

2. The method of claim 1, wherein said metal parti 
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cles are ferrous base metal powders with a carbon re 
ducible oxygen content substantially in excess of 200 
ppm and said sucrose is present in an amount sufficient 
to reduce said oxygen and increase the carbon content 
by a value greater than 0.2 percent, during the carburi 
zation of said ferrous particles. 

3. The method of claim 2, wherein said heating is ac 
complished in air at a temperature below about 500° F. 

4. The method of claim 3, wherein said blended mix 
ture is essentially dry and contains from about 2.0 to 
10.0 percent sucrose. 
5. The method of claim 4, wherein the particles in 

said mold are packed to a bulk density substantially in 
excess of apparent density. 

6. The method of claim 5, wherein said mold is com 
posed of an inexpensive, expendable material with suf 
?cient refractoriness to withstand said heating temper 
ature. 

7. The method of claim 6, wherein said baked pre 
form is cooled and removed from said expendable 
mold. 

* * * * * 


