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1. 
The present invention relates to metal powders 

employed in making an alloy by the powder 
metallurgy process including at least One re 
fractory metal, and to a method of treating said 
powders for improving the efficiency of Said 
proceSS. 

Alloys including at least one refractory metal 
in large percentages require recourse to the Well 
known powder metallurgy process for their for 
mation because of the relatively high melting 
point of refractory metals. It is not feasible to 
make the alloy by fusing Such metals together. 
According to the powder metallurgy proceSS, 
powders of the metals to be included in a de 
sired alloy are mixed together, placed in a form 
of predetermined dimensions and compressed 
under relatively high pressure to form slugs that 
are sufficiently coherent for handling. The slugs 
So formed are then sintered at a temperature 
sufficiently high to increase their mechanical 
strength; for it is desirable that the slugs formed 
by the compression and Sintering Steps have good 
coherence and predetermined dimensions for Sub 
sequent processing at high temperature. After 
the high temperature treatment causing the for 
mation of the alloy the slugs of alloy are me 
chanically worked by swaging after which they 
are drawn through several Successive dies of di 
minishing aperture size to Successively reduce the 
resultant rods into progressively finer Wire for 
mations. 
While commercially available metal powders 

have the desired chemical purity for good results 
in making the alloy wire, the physical character 
istics of such powders, particularly tungsten 
powder, vary considerably from lot to lot. Since 
the conditions, such as pressure, temperature and 
time are usually standardized and fixed in a 
powder metallurgy process, for the preparation 
of a specific product variations in the physical 
characteristics of the powders forming the prod 
uct result in a sacrifice of efficiency in carrying 
out the process. One method of measuring the 
efficiency of a powder metallurgy process involv 
ing the manufacture of wire is to compare the 
ratio of the mass of the finished alloy wire to 
the mass of the powders employed in making the 
alloy wire. In many cases, small variations in 
the physical characteristics of the powders may 
alter the results to Such an extent that the 
manufacturing efficiency is reduced to a figure 
of 0-50 per cent. 
Weak slugs that fracture during Swaging of 

the alloy may result generally from certain 
physical characteristics of the metal powders em 
ployed in making the alloy by a fixed process. 
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One respect in which the physical character 

istics of the metal powders vary is in their ap 
parent density. This is distinguished from the 
absolute density in that it includes in the volume 
of the powders the pores and spaces between the 
particles of the powders. As a consequence of this 
variation in apparent density, when a form or 
receptacle is used in the practice of the powder 
metallurgy process having predetermined dinnen 
Sions for receiving the powders and in which the 
powders are compressed, the slugs resulting fron 
the application of a definite pressure may be of 
different Sizes and each Ynay have a different 
apparent density. Also, Such variations in ap 
parent density materially affect the efficient load 
ing of the powder receptacle, which is Subse 
quently reflected in the overall efficiency of the 
process. 
Another characteristic of commercial metal 

powders that varies from lot to lot of such pow 
derS is the particle size range and the particle 
size distribution in the range. Commercial pow 
derS Such as the powders of tungsten and molyb 
denum as used in the preparation of alloy Wire 
are usually composed of particles the size of which 
varies from slightly above 0 to 10 microns in 
diameter. While this range is satisfactory for 
a reasonably efficient powder metallurgy process, 
the particle size distribution in per cent by num 
ber Sometimes peaks near the lowest limit of the 
range and Sometimes near the highest limit of 
the range, each of which conditions adversely 
affects the efficiency of the process referred to. 

For example, if the particles peak in size near 
the lowest limit of the size range in the powder 
of One metal and peak at a different portion of 
the range in the powder of another metal to be 
used in making an alloy, difficulty is experienced 
in Suitably mixing the powders. In order to se 
Cure a homogeneous mixture, it is necessary that 
the particles to be mixed be relatively closely re 
lated in size. 
Another objection to a peaking of the particle 

Size distribution adjacent the lowest limit of the 
range is that a slug formed therefrom during the 
first steps of the powder metallurgy process, is 
relatively Weak and breaks easily during subse 
quent handling resulting in a waste of metal 
powder. 
On the other hand if the particle size distribu 

tion of One metal powder to be mixed with an 
other metal powder, peaks near the highest limit 
of the range a problem of mixing is also created 
where the other powder peaks away from the 
highest limit of the range. Another objection 
to powders peaking at the highest limit of the 
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range is that increased difficulties are encountered 
during the Subsequent stages of the Wire proceSS 
involving Swaging and drawing which also result 
in Iowering the efficiency of the process. While 
it is feasible in the prior art to determine by 
tests or actual neasurements the linits of the 
particle size range of a powder and the appairent 
density thereof, there are no simple and Satis 
factory means available for determining with 
sufficient accuracy the distribution of particle 
size fractions so that the performance of the 
powder can be accurately predicted. The Qinly 
way this could be determined was by actual pers 
formance tests according to which a sample of a 
powder was subjected to the usual steps of the 
powder metallurgy process and the Value of the 
powder determined by the efficiency of the proc. 
eSS. This is entirely satisfactory for material. 

5 

4. 
bodies of increased resistance to fracture during 
the making of an alloy therefron by the powder 
metallurgy process. 
Another object is to provide a metal powder 

having a particleSize peaking unifornily in a rela 
tively Shall portion of the particle size range fion 
lot to lot, for increased economy in the ailount of 
poWCler employed for making a good alloy there 
fron. 
A further object is to determine suitability of 

a metal powder for a standardized alloy making 
process, by a combination of a relatively simple 
test and a treatment of said powder based on 
said test for providing a powder having a particle 
size peaking at a predeterimined portion of the 
particle. Size range. 

producing good efficiency but involves consider- . 
able cost and required repetition for establishing 
the value of the material froin lot to lot and no 
disposition of unusable material such as altering 
or adjusting its physical characteristicS to pro 
duce satisfactory performance, Was available. 
This lack in sufficient unifornity in physical 

characteristics of commercial metal poWierS, is 
a serious disadvantage in present manufacturing 
procedures for making certain alloys by the pow 
der metalurgy process. Such procedures are 
usually standardized to provide a fixed value of 
pressures, temperatures and duration of applica 
tions. Thus for one value of these nanufacturing 
conditions I have found in making alloys of 
tungsten and molybdenum that a particle size 
of the powders ranging from Slightly above 0 
to 10 microns in diameter and peaking at from 
to 2 microns is particularly Suitable for carry 
ing out an efficient alloying process. It is ex 
tremely difficult to obtain coinmercial powders 
conforming to a narrow range Specification. 
However, a powder having at least 95 per cent of 
the particles from slightly above 0 to 3 microns 
in diameter and With the remainder of the par 
ticles not over 10 microns can be readily Sup 
plied by the average manufacturer. This powder 
may or may not be satisfactory in its commercial 
form for an efficient powder metallurgy process 
since the particles may actually have a size distri 
bution that peaks at say from slightly above 0 to 
1 micron, from 1-2 microns or from 2 to 3 
microns. While powders of these characteristics 
would satisfy the foregoing specification they 
would not necessarily lend themselves to an effi 
cient, alloying, and wire making process controlled 
by the standardized values referred to. 
Accordingly it is the object of the invention to 

improve the efficiency of a powder metallurgy 
proceSS. 
Another object is to provide.netal powders of 

uniform physical characteristics for improving 
the efficiency of a process for making an alloy 
therefroin. 
A further object is to provide a novel method 

of treating commercial metal powders composed 
of definite particle size fractions So... as to alter 
and adjust the particles to produce powders hay 
ing new definite particle size fractions suitable 
for use in an efficient alloying proceSS. 
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Another object is to provide a method of treat 
ing commercial metal powders. to reduce their 
particle size range for accommodating the pow 
ders to standardized manufacturing procedures 
with increased efficiency. 
A further object is to provide a metal powder 

that contributes to the formation of coherent 

70 
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According to one aspect of the inventioi co 
legial powders of metal Such as tungsten and 

molybdenuin are first tested microscopically to 
determine the limits of the particle size rage 
theireof... if the test indicates that this laiage 
is between 0 and 0 microns, the powder is of a, 
type that can be suitably treated by the aethod 
of the invention. No preliminary test is ineges 
cary of the apparent density of the powder since 
the treatinent according to the inventioil engiers 
Substantially uniforn the apparent density of 
powders having originally different apparent 
densities. 

ESSentially the treatment of commercial reta 
powders according to the invention for improv 
ing the efficiency of a powder metallurgy process 
for making an alloy of the metals of the powder, 
includes further limiting the size range of the 
particles. This further limitation is accoin 
plished by enlargeinent of the Smaller particles 
and reduction in size of the larger particles. The 
treatment involves first heating the powders in 
a reducing at noSphere Such as dry hydrogen at 
a predetermined temperature and for a prede 
termined time duration. The temperature and 
time of application are controlled to perinit a 
Sintering of the Smaller particles to for in rela 
tively larger particles. Substantially no change 
occurs in the larger particles as a result of the 
heat treatment. The heat treated powder is 
then subjected to mechanical working to reduce 
the size of the Sintered particles and the size 
of the agglomerates originally present in the 
poWCler. According to the invention a predeter 
inlined. Value for the factors involved in the heat, 
treatinent and in the mechanical Wirking will 
provide a resultant powder having a predeter 
mined particle Size range and a predets:::ite: 
peak of the size distribution in said range. 

For best results in a powder metalurgy process 
involving a Specific product it is generally be 
lieved the particle size should be limited to a 
definite range, With the size distribution peaking 
at Some intermediate point in the range. For 
example, one group of investigators believe a 
peak at a Size of from 4 to 5 microns in diameter 
is most Suitable for inaking an alloy. Others 
believe the peaking point should be at otheir poi 
tions of the range. I have found for exarape 
that a metal pOW(eir having a particle size of 
from slightly above 0 to 10 nicrons in dia.neter 
and peaking at a particle size of from 1 to 2 
inicrons, is Well Suited for making an alloy with 
a minimum of powder loss. However, my method 
of treating Coinnercial metal powders may be 
practiced With equal advantage no natter what, 
peaking point has been found desirable. For 
example, a Satisfactory powder for improving 
the efficiency of a powder metallurgy process 
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may include particles in an overall size range 
of from slightly about zero to 8 or 10 microns 
in diameter With the size distribution peaking 
in a Sub range of from 0.5 to 5 microns. 

I have practiced my invention in the manu 
facture of a tungsten molybdenum alloy known 
as Dowmo and wherein the commerical powders 
of the retals were Supplied in response to a 
Specification calling ifor a particle size range of 
from 0 to 10 microns in diameter with 95 per 
cent of the particles being from 0 to 3 microns 
in diameter. The 0 value indicates a magnitude 
that is so Small as to be unmeasurable and rela 
tively close to 0 microns. 
In carrying out my process for treating com 

mercial powders, the powders supplied in ac 
cordance With the foregoing specification are 
first tested by the use of an electron microscope 
to determine whether the limits of the size 
range are as Specified. 
The next step in the method according to the 

invention is to heat the metal powders referred 
to in the preceding paragraph, AS actually car 
ried out the heat treatment may involve the 
use of molybdenum boats 10' long, 1%' wide 
and 1' deep, into which the metal powders are 
loaded. The boats are tapped during the loading 
to pack the powders and the powders are levelled 
off at the tops of the boats. Each boat con 
tains either tungsten powder, molybdenum 
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aSSuming it is desired to mix the powders prior to 
the heat treatment. As an alternative the 
pOWiders may be mixed after the heat treatment, 
in which event, the initial mechanical working 
is not required. 
The resultant powders are found to be of re 

duced porosity, of increased apparent density and 
to have a particle size range of from slightly 
above zero to slightly above 8 microns in di 
ameter with the particle size distribution peak 
ing at from 1 to 2 microns in diameter. 

I have found that cornmercial molybdenun 
powders are more predictable in their physical 
characteristics than Commercial tungsten pow 
ders and consequently satisfactory alloying meth 
ods have been practiced in reliance on suppliers' 
specification for molybdenum powders. In mak 
ing a Dowmo alloy therefore the treatment ac 
cording to the invention may be applied solely 
to the tungsten powder. Since connercial 
tungsten powders require my treatment to a 
greater extent than other powders, I have prac 
ticed the invention by using tungsten powders 
from several different sources having a relatively 
Wide difference in their physical characteristics. . 
The following table indicates the particle size 
range and the peaking point of the particle size 
distribution in connection. With several of such 
commercial tungsten powders after treatment by 
my method. 

TABLE 

Tungsten powders processed according to the 
intention 

Commercial Designa 
tion of Tungsten Powder 

Particle Size Range in Microns, Percent 

3 6. 8 

0-5 5-1 1-2 2-3 || 3-4 4-5 5-6 6-7 

Callite 466H------------ 15. 6 34.4 37.5 10.8 1.7 ------------------------ 
N. A. Philips 0-144-1-- 14.9 23.7 45.3 14.9 1.2 -------- 
Callite 466-D1014------- 9, 4 26.3 46.3 14.5 3.0 .5 --- 
Callite 482-------------- 12.0 7.3 54.3 13.5. 2.4 .5 ---- 
N. A. Philips 0-144-2--- 15.8 12.2 44.9 20.8 5.1 .4 .8. ----- 
R and R. 481-1-H12---- 27.2 8.3 22.6 23.9 1.3 4, 9 .9 9 ------ 
R and R. 48-l-H2----. 8.4 4.2 28, 5 34.6 19, 4.7 .5 --------- 
R and R. 481-H1-------- 7.6 3.3 19.3 23, 6. 

powder, or a mixture of tungsten and molybde 
nun powders, and the boats are heated indi 
vidually. Boats containing tungsten powder may 
be heated for one half hour at a temperature 
of 1700 degrees C. B. T.i.25 degrees C. using an 
optical pyrometer for temperature measurement. 
Boats containing molybdenum powder are heated 
at a lower temperature, to Wit 1500 degrees 
C. B. T. Boats containing mixtures of tungsten 
and molybdenum powders in the heretofore 
known relative amounts for providing the alloy 
known as Dowimo, are heated for one half hour 
at a temperature of 1600 degrees C. B. T.--25 
degrees C. The heat treatments referred to are 
conducted in dry hydrogen. The resultant prod 
uct is in the form of slugs of sintered metal. 
The next step in the novel method of the in 

vention is to crush the sintered slugs as by means 
of a jaw crusher so that all of the material is 
reduced to particle sizes capable of passing 
through a No. 8 standard testing sieve. The 
mixture so crushed is then mechanically worked 
as by ball milling in porcelain jars of one gallon 
capacity and containing 3000 grams of flint peb 
bles of from 3A' to 14' diameter, rotated at 
a speed of 60 R. P. M. for about 3 hours. 

Before the first step is carried out, the Commer 
cial powders may be mechanically worked for 
about three hours to thoroughly mix the powders, 

5 5 
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While the tungsten powders commercially des 
ignated Callite 466-H, N. A. Philips 0-144-I, Cal 
lite 466-D1014, Callite 482, and N. A. Philips 
0-144-2 have a distribution range after treat 
ment according to the invention that peaks at 
between a particle size of from 1 to 2 microns, 
which I have found particularly advantageous, 
the others represent an improveinent Over the 
Commercial powders. If further improvement is 
desired in the other powders the heat treatinent 
step temperature may be raised in the direction 
indicated by the particle size distribution. 

I have found that the tenperature of the heat 
treatment according to the invention for tungsten 
inay be carried out with best results from about 
1600 degrees C. to about 1750 degrees C. without 
change in the time of application, although the 
individual temperatures in this raige would 
change the location of the particle size distribu 
tion peak to different points on the size range. 
An increase in temperature increases the sinter 
ing action so that the boind between the par 
ticles becomes stronger and the agglomerates are 
nore difficult to break up in the mechanical 
Working step. The temperature therefore should 
not be high enough to make this bond excessive 
ly Strong since such particles would be very dif 
ficult to break up. Another variable in the heat 
treatment according to the invention is the time 

  



duration of its application. The time duration 
alay be either increased or reduced from the 
thirty minute period specified, for either extend 
ing or contracting the lower limit of the particle 
size range of the poW cier. 

While, as has been indicated, it is feasible a C 
cording to the invention to mix, commercial 
powders of metals which it is desired to alloy, 
such for example, as the powders of tungsten 
and molybdenun, prior to the heating step, it 
is preferable to subject the powders to my novel 
heat treatinent prior to the mixing step. This 
is for the reason that a more honogeneous nix 
ture is secured when the range of particle Size 
is contracted to reduce the maximuan difference 
in particle size. 
The invention may be practiced by enploying 

a relatively wide range in the temperature, and 
duration of its application, of the heat. treatment 
according to the invention, as well as in the time 
duration of the subsequent mechanical working 
operation. For example, a temperatui'e So low 
and applieg foi. Such a short tirine as to CallSe 
Only a sight, Sintering of the powder particles 
involves a ractice of the treatinierit of the in 
vention. This is for the reason that Stagh slight 
sintering action accornpiishes at islast a palitial 
agglomeration of the Smailer powder particles 
and this serves to contract the range of the pal 
ticle size of the powder. Moreover, a. aechanical 
working may be accomplished according to the 
invention by Subjecting the powder after tie 
heat treatinent, or without the heat treatment, 
to a bail milling operation for a fraction Of the 
three hours Specified in the example described in 
detail before herein. A longer tiae than three 
hours may also be used in accordance With the 
invention. 

It is herefore to be understood that the in 
wention in its broader aspects it not to be re 
garded as inited to the Values set forth in the 
example referred to, but to be directed to a meth 
od for reducing the particle size range of metal 
powders and to case a precioilina.It positio of 
the particles to lie in a relatively narrow size 
Sub-range in relation to the overal size range. 
While, as has been indicated above, I have found 
a particle size range of from slightly above 0 to 
8 Saicris With the size distribution peaking at 
a. Sio-range of fro: 1 to 3 nicrons rost, ad 
vantageous in promoting efficiency of a powder 
Yetailurgy process, the peaking of the size dis 
tribution in another Sub-range within the over 
all size ange Kilay also be accompanied by SOne 
increase in 
that secured by using untreated commercial 

The treatment, according to the invention not 
only results in a desirable size range and size 
distribution but also in an increase in the ag 
parent density of the particles. This is impor 
tait, as has been previously mentioned in that in 
creased apparent density increases the strength 
With Winich the Sigs former of the powder are 
held together and resist breakage during han 
ding ol' processing by the powder metallurgy 
process. According to the in Weiation, the appar 
eat density is first increased during the heating 
step when a substantial number of the pores in 
the original particles aire closed by the Sinteriag 
together of the particles. The appalant density 
is further in 2;eased by the mechanical Working 
step during which the particles are rubbed to 
gether with an appreciable force. Not only is 
the apparent density increased in accordance 

efficiency in Inaking the alloy over 
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with the invention but the apparent density of 
several lots of powders treated by me were found 
to have a uniform apparent density although the 
apparent density of the original commercial 
powdeis was non-uniforin. This unifornity in 
apparent density is iiii portant as has been 
pointed out before herein. 

it will be apparent from the foregoing that i 
have provided an advantageous tireatinent as 2, 
Substitute for a lengthy and uneconoilical per 
formance test for assuring suitability of a con 
mercial neal pOWider for use in an eificient 
powder netallurgy process. 
While I have indicated several Ways in which 

the invention can be carried out, it is to be un 
de Stood that the invention is capable of many 
Elodifications as Will appear to perSons skilled 
in the art. Without departing from the Spirit 
thereof aid it is desired to include these modi 
fications within the scope of the appended 
CiaiIS. 

claim: 
1. In a method of making a relatively strongly 

coherent tungsten-molybdenun alloy slug from 
Cominercial tungsten powder having unpredict 
able characteristics in respect of particle size 
distribution and size distribution peak and hav 
ing relatively Small and relatively large particles, 
and commercial molybdenum powder having a 
predictable particle size distribution of from 
slightly above Zero to 10 microns in diameter and 
a size distribution peak of from one-half to five 
Ricrons in diameter, said method comprising 
the steps of heating said commercial tungsten 
powder at a temperature from about 1660 to 
about 1750° C. for one-half hour to cause said 
relatively. Small particles of said tungsten powder 
to become sintered together in a relatively strong 
ly coherent bond and to cause said relatively large 
tungsten particles to become sintered in a rela 
tively Weakly coherent bond, and subsequently 
rechanically working said sintered tungsten 
powder for about three hours to release said 
larger particles only from said relatively weakly 
coherent bond, for providing a treated tungsten 
powder having Said predictable particle size dis 
tribution and size distribution peak, whereby said 
treated tungsten powder and said commercial 
molybdenum powder are adapted to be homogene 
ously mixed and sintered to provide said strongly 
coherent slug. 

2. Method of making a drawn wire of an alloy 
of tungsten and molybdenum, from commercial 
powder's Of Said metals, comprising the steps of 
Separately heating predetermined amounts of said 
tungsten and molybdenum powders to sinter the 
particles, thereof, Separately mechanically work 
ing the Sintered particles to provide treated 
powders having Smaller size ranges than said 
Coinnercial powders, mixing said treated powders 
to form a homogeneous mixture, pressing said 
Inixture to slug form, heating said slug form to 
Sinter the particles thereof to provide a strongly 
and Uniformly coherent body, and drawing said 
body to relatively fine wire form. 

3. Method of Inaking a drawn wire of an alloy 
of tungsten and molybdenum from commercial 
pOWoderS of Said metals, comprising heating a 
predetermined amount of said tungsten powder 
at a temperature from about 1660 to 1750° C. for 
One-half hour, to cause the particles thereof to 
sinter together in relatively weak bonds, me 
chanically Working the sintered tungsten powder 
for about three hours, whereby a treated tungsten 
powder is provided having a reduced amount of 
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relatively small particles, mixing said treated 
tungsten powder with a predetermined amount 
of said molybdenum powder, pressing the re 
sulting mixture to slug form, sintering the slug 
form to provide a strongly coherent body, and 
drawing said body to wire form. 

MARK N. FREDENBURGH, 
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