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UNITED STATES PATENT OFFICE 
2,553,714 

PROCESS FOR MAKING, AND AN ARTICLE 
OF, POROUS CEMENTED CARBIDE 

George W. Lucas, St. Clair Shores, Mich., assignor 
to Carboloy Company, Inc., a corporation of 
New York 

Application March 5, 1947, Serial No. 732,581 
4. Claims. 

This invention relates to a process for making 
porous cemented carbide and articles of cement 
-ed carbide having capillary porosity. 

This invention contemplates a porous cement 
ed carbide and a method of producing the same, 
which has a high degree of hardness, wear re 
sistance, and capillarity which makes this ma-. 
terial especially useful, for example, for bear 
ings, drawing dies, and Wear parts. The poros 
ity or capillarity of the material gives it the highly 
desirable ability to retain, spread and transmit 
lubricant or coolant through the body and over 
the wear or bearing Surfaces thereof. 
In the drawings: 
Fig. 1 is a side elevation partly in vertical sec 

tion of an apparatus useful in preparing my po 
rous cemented carbide. 

Fig. 2 is a Section along the line 2-2 of Fig.1. 
Fig. 3 is a plan view of my apparatus. 
FigS. 4 and 5 are sketches illustrating the wear 

surface comparison of my porous cemented car 
bide made from spheroidal granules (Fig. 4) and 
conventional cemented carbide made from irreg 
ular Shaped particles (Fig. 5). 

In making my porous cemented carbides, I 
start with a powder consisting of any of the 
Well-known hard metal carbides, such as tung 
sten carbide, tantalum carbide, titanium car 
bide, and mixtures thereof, together with a binder 
metal of the iron group, such as cobalt, nickel 
Or iron. When a mixture of tungsten carbide, 
tantalum carbide and titanium carbide is used, 
then preferably the tungsten carhide forms the 
larger component of said mixture. The propor 
tion of iron group metal binder used can vary 
over a wide range but usually the iron group 
metal will not fall below 3% by weight of the 
total cemented carbide composition. The 
amount or proportion of iron group metal binder 
can vary as taught by the Schroter Reissue Patent 
17,624 and Schroter 1721,416, or over the Wide 
trange Commonly used in the commercial produc 
tion of the above cemented hard metal carbides. 
The powder mixture of hard metal carbides 

-and iron group metal will be reduced by any con 
Ventional method. Such, for example, as ball mill 
ing, to an exceedingly fine powder having a grain 
size usually not exceeding 20 microns, and pref 
-erably well under the 40 micron opening of a. 325 
mesh Screen. To this fine powder mixture I add 
a small amount of temporary binder such as 
paraffin, carnauba wax, candelilla wax, or one of 
the many petroleum waxes, in an amount up to 
about 3% by weight. In addition small amounts 
of the moistening agent, such as water, acetone, 

(C. 75-136) 
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benzol, may be added if desired to facilitate con 
verting the powdered mixture to a multiplicity 
of Spherical or spheroidal particles. Preferably 
Only Sufficient temporary binder and moistening 

5 agent is used to cause the grains of powder to 
agglomerate or adhere to each other to form 
Spheres or Spheroids while being processed. The 
term “Spheroid' will be used herein to include 
any spherical or Substantially spherical or essen 

() tially round or spherical body. The converting 
of the powdered mix into an aggregate of 
Spheroidal bodies can be accomplished by any 
suitable method such, for example, as by tumbling 
in a cylindrical container or by vibratory motion. 

15 By way of example, I have illustrated one satis 
factory apparatus for producing spheroids from 
this powdered mixture. This apparatus com 
prises a trough preferably inclined to the hori 
Zontal somewhere between 15° and 45°. The 

20 trough f is preferably made from metal and posi 
tioned upon a flexible supporting frame generally 
designated 2. An electric vibrator 3, producing 
a strong, Substantially vertical upward impulse, 
indicated by the arrow 4, is secured on the under 

25 side of trough . Vibrator 3 can be of any con 
ventional make, but I preferably use an electric 
Vibrator which is sold under the trade-name 
"Syntron.' This electric vibrator comprises in 
general a Simple pulsating electromagnet and 

30 the air gap between the magnet and the arma 
ture of the vibrator is closed and opened every 
cycle of the current setting up several thousand 
vibrations per minute. The heavy mass of the 
arnature moving at such a high speed causes a 

35 positive flow of powderful vibrations which are 
upwardly applied to the chute in a vertical 
direction. 
The powder and binder is spilled or flowed on 

to the trough to give a thin layer. The vibra 
tion causes the powder to move upwardly along 
the inclined chute, as indicated by the arrows, 
and the powder Spills back upon itself as it 
travels up the curved return bent portion 5 of 
the chute, thus forming spheroids. The sphe 

45 roid size is determined by the angle of the 
trough, intensity of vibration and amount of 
powder Spilled into the trough. The higher the 
degree of inclination the smaller the speroids. 
Thus, when the trough is inclined 45° from the 

50 horizontal, the Spheroids produced will be smaller 
than when the trough is inclined, at say, 15° 
from the horizontal. It will be noted that the 
trough in longitudinal section resembles a 
toboggan. 

55 The bottom of the trough will preferably have 
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a parabolic curve, as shown in section Fig. 2. The 
spheroids, generally designated 6, automatically 
roll down the trough where they are Screened by 
screen and are collected in container S. The 
spheroids are all coarsei than a 325 mesh Screen 
opening and are comprised of thousands of in 
dividual powder particles. Sizing of the Sphe 
roidal aggregates is easily effected by Screen size 
separation. The selection df the size of aggregate 
depends upon the degree of porosity desired in 
the finished product. For example, for a fine 
type of porosity aggregates Which Will paSS 
through a 100 mesh Screen opening and be de 
posited upon a 325 mesh screen and for a coarser 
porosity aggregates which will pass through a 
20 resh Screen and collect upon a 100 mesh 
Screen may be selected. 
The spheroids thus formed are now subjected 

to complete sintering after first being mixed with 
a material such as alumina, powder or lamp 
black which keeps the spheroids separated. The 
complete sintering consists of subjecting the 
spheroids first to pre-Sintering at approximately 
700° C., followed by sintering at about 1400° C. 
for approximately fifteen minutes. The sinter 
ing changes the soft powder Spheroids or aggre 
gates into hard, fully sintered Spheroidal gran 
ules such as illustrated at 3, Fig. 4. The Sphe 
roids are of the same Shape as the original 
powder aggregates but they are smaller in size 
due to mass shrinkage resulting from Sintering. 
Volunetrically the shrinkage is about 40%. The 
sintered grains are now separated from the en 
veloping medium (such as alumina powder ol 
lamp black) by Screening, Washing, or by air 
separation. The sintered granules may, if de 
sired, be further sorted by screen size operation 
and are then ready for fabrication into the ar 
ticle desired. 
To the spheroids which have been separated 

according to the Size desired, is now added a ten 
porary binder such as paraffin, or one of the other 
petroleum or other waxes above mentioned. The 
sintered spheroids with their temporary binder 
are now pressed into their desired shape in a 
conventional steel mold and the pressure used will 
depend upon the percentage of voids desired. 
The preSSure may vary from about 2 to about 30 
tons per Square inch. The Spheroidal particles 
are thus brought into intimate contact with each 
other and are thereafter sintered which causes 
the particles to cement or fuse together at the 
pointS of contact. The resulting article, desig 
nated f{i, Fig. 4, is comprised of firmly associ 
ated Spheroids With the interstices between the 
granules providing voids of the capillary nature 
required. When the iron group binder is low, for 
example, from 3% to 6% by weight, it has been 
found advantageous to coat the spheroids with 
a thin layer of the iron group metal binder used 
in Order to insure efficient fusing together at the 
pointS of contact. The coating of the Spheroids 
With the iron group metal binder can be accom 
plished in any Suitable manner such, for ex 
ample, as by electrodeposition. 
As an alternate method, the granules inay be 

lightly compacted in a graphite mold of the de 
Sired Shape and Sintered therein under the same 
sintering conditions as before. This method is 
especially advantageous when spheroids of rela 
tively coarse size are used, for example, those 
which Will pass a 20 mesh screen and collect upon 
a 100 mesh Screen. Since the spheroids used in 
the final fabrication have been previously fully 
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sintered, there is practically no additional 
shrinkage in the final sintering operation, 
In articles made by the above-mentioned meth 

ods, thin oil is carried vertically by capillarity, 
42 inch in 30 seconds. This material can be ad 
vantageously used wherever a high degree of 
hardneSS, Wear resistance, and Self-lubrication by 
capillarity is desirable, for example, in bearings, 
drawing dies, and Wear parts. Most applications 
of this material use Small spheroids, for example, 
somewhere between 20 and 325 mesh, but for 
Some applications it may be desirable to use larger 
Spheroids, for example, Spheroids having a di 
ameter of anywhere from about .040 inch to about 
% (.125) inch. Such spheroids can be made by 
mechanically pressing the powder to the size 
desired, or on the above described apparatus. 
The chief advantages of a porous material 

made from sized spheroids is the fact that the 
rounded contours of the particles 9 when ground 
to a flat surface f l offer no tendency to cause 
Scuffing on the opposing surface. This is not 
true of porous materials made from irregular 
Shaped particles (Fig. 5) for upon grinding Such 
a material to a flat Surface, jagged edges and 
pointed Surfaces may easily present themselves 
at the Wear Surface. This may be easily seen 
from the accompanying drawing comparing 
Spheroidal and irregular-shaped particles. Other 
advantages that my material offers over Solid 
cemented carbides are its oil retaining and 
Spreading features plus its ability to transmit 
coolant or lubricant through the body of the 
material. 

claim: 
1. A process for making porous cemented hard 

metal carbide articles having substantially con 
tinuous porosity comprising the steps of (1) 
forming Spheroidal bodies by tumbling in the 
presence of a plasticizing agent a mixture of 
powdered hard metal carbide selected from the 
group consisting of tungsten carbide, titanium 
carbide, tantalun carbide and combinations 
thereof in which tungsten carbide is the major 
Component and a powdered iron group metal, said 
hard metal carbide and said iron group metal 
having a grain size not exceeding 20 microns in 
diameter, (2) fully sintering these spheroids, (3) 
Selecting Sintered spheroids having a size falling 
Within a range of from about 20 screen mesh to 
about 325 screen mesh, (4) pressing a multiplicity 
of the Said Sintered spheroids into contact with 
each other and heating the same to a sintering 
temperature at which the said sintered spheroids 
fuse together at their points of contact and main 
tain their identities as spheroids. 

2. A process for making porous cemented car 
bide articles comprising the steps of (1) mixing 
powdered hard metal carbide selected from the 
group consisting of tungsten carbide, titanium 
Carbide, tantalum carbide and combinations . 
thereof in which tungsten carbide is the major 
component and a powdered iron group metal, 
Said powdered hard metal carbide and said iron 
group metal having a grain size of less than 20 
microns, (2) mixing a plasticizing agent with the 
aforesaid mixture, (3) forming spheroidal bodies 
from the plasticized mixture by tumbling the said 
powdered mixture, (4) fully sintering the said 
Spheroidal bodies into Sound imporous hard metal 
carbide bodies having a size falling within a 
range of from about 20 screen mesh to about 325 
Screen mesh, (5) pressing a multiplicity of the 
Said Sintered bodies into contact with each other 
and heating the same to a sintering temperature 
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at which the said sintered bodies fuse together Number Name Date 
at their points of contact and maintain their 1865,554 Bradley ------------- July 5, 1932 
identities as spheroidal bodies. - 1,998,609 Comstock ----------- Apr. 23, 1935 

3. A porous cemented hard metal carbide 2,049,317 Pinta -------------- July 28, 1936 
article produced by the process set forth in 5 2,188,983 Padowicz ------------ Feb. 6, 1940 
claim 1. 2,228,235 Pfanstiehl ----------- Jan. 7, 1941 

4. A porous cemented hard metal carbide 2,273,589 Olt ---------------- Feb. 17, 1942 
article produced by the process set forth in 2,304,382 Shoeld -------------- Dec. 8, 1942 
claim 2. 

GEORGE. W. LUCAS. 10 FOREIGN PATENTS 
Number Country Date 

REFERENCES CTED 105,352 Australia ---------- Feb. 22, 1938 
The following references are of record in the OTHER REFERENCES 

file of this patent: "Powder Metallurgy” by Schwarzkorf, 1947, 
UNITED STATES PATENTS page 13. 

Number Name Date 
1833,099 Welch -------------- Nov. 24, 1931 


