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TUNGSTEN-CHROMUM-ALUMNA MEA, 
CERAMICS 

Louis A. Conant and Daniel M. Gillies, Buffalo, 
N. Y., assignors, by mesne assignments, to 
Union Carbide and Carbon Corporation, a cor 
poration of New York 
Application May 17, 1949, Serial No. 93,694 

(C. 29-182.5) 4. Claims. 

The invention relates to metal ceramicS and 
more particularly to sintered naaSSes of Com 
minuted chroniuin, tungsten and aluanina. 

Refractory naterials having great Strength 
and hardness coupled with resistance to oxida 
tion at high temperatures are of increasing in 
portance in industry. Such materials may be 
fabricated into many useful articles Such as per 
manent molds for metal castings, thermocouple 
protection tubes, furnace parts, resistance ele 
inents, hot pressing and extrusion dies, man 
drels and containers, turbine blades and othel 
articles wherein resistance to oxidation and 
abrasion as well as strength at elevated tempera 
tures are required. It is a primary object of 
this invention to provide such a material. 
The present invention is based upon the dis 

covery that a metal ceramic material having high 
oxidation resistance and superior strength at ele 
"sated teraperatures may be produced when a 
cornminuted chromium-tungsten alloy of critical 
chronium and tungsten content is intinately 
admixed and sintered with a critical Volumetric 
amount of conninuted alumina. According to 
the invention the weight ratio of chromium to 
tungsten in the alloy must be between about 
0.25 and 0.82, and the volumetric ratio of chro 
mium-tungsten alloy to alumina must be be 
tween about 1 and 19. 

Accordingly, the invention in its broadest 
aspect comprises a strongly cohesive, sintered 
metal ceramic mass composed of 5 volume per 
cent to 50 volume percent of Comminuted alu 
rhina, and 95 volume percent to 50 volume per 
cent of comminuted metal, said metal being com 
posed of between 20% and 45% by weight of chro 
nium and between 80% and 55% by weight of 
tungsten. Additions of at least 5 volume per 
cent of alumina to the chromium-tungsten-alu 
rhina, ceramics appear desirable to act as a bind 
er in fabrication of these materials. Without 
alumina difficulties are experienced in fabrica 
tion. For some purposes, hereinafter described 
rihore fully, it will be desirable to maintain the 
volume percentage of alumina between 20% and 
50%, and the volume percentage of metal between 
80% and 50%. 

In the drawings, Figures 1 and 2 are curves 
showing strength properties at elevated tem 
peratures of chromium-tungsten-alumina metal 
ceramics. 
The data, upon which the curves are based were 

obtained fron modulus of rupture tests and 
stress rupture tests conducted in the following 
manner. A bar of the material to be tested hav 
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inch was placed on two cylindrical SupportS SO 
as to provide a 1-inch Spain therebetween. In 
the modulus of rupture tests a load was applied 
to the test piece at the midpoint of the Span by 
means Of a knife edge of aluina. In the StreSS 
rupture tests the load Was Suspended from a 
point on the test piece at the center of the span. 
Both types of tests were conducted in an ap 
propriate furnace at 1000° C. 

Figure of the drawings is a curve showing 
the modulus of rupture at 1000° C. for sintered 
Filaterial containing 65 volume percent of a chro 
iiium-tungsten alloy and 35 volume percent of 
alumina, wherein the weight ratio of chromium 
to tungsten in the alloy is varied over the full 
Scale. From the curve it is apparent that at 
the volumetric proportions indicated for the al 
loy and alumina, the alloy phase is critically 
Superior in strength at between 55% and 80% 
by weight of tungsten and 45% and 20% by 
Weight of chronium. When the alloy contains 
less than 55% by Weight of tungsten the nodulus 
of rupture at 1000 C. falls off sharply and when 
the alloy contains more than 80% tungsten not 
Only is there a definite loss of strength at ele 
Wated temperatures, but, in addition, there is 
a marked decrease in the oxidation resistance of 
the material. 

Figure 2 shows the relationship between the 
composition of the metal ceramic material and 
the short (inodulus of rupture) and long (stress 
rupture) time strengths. With the tungsten 
chromium ratio by weight constant at 70% tung 
Stein and 30% chromium, compositions of the 
metal ceramic material constaining up to 45 vol 
lume percent of metal show littie increase in 
strength over pure alumina. At 50 volume per 
cent metal a large increase in the modulus of 
rupture occurs which increase continues until 
the Volume percent of metal reaches 65 to 70, 
beyond which point the modulus of rupture re 
mains fairly constant with further increases in 
the volume percent of metal. In the long time 
Stress rupture tests the time in hours to rupture 
remains fairly constant with compositions con 
taining Up to about 75 or 80 volume percent met 
al. With more than 80 volume percent of net 
all the stress rupture or long time strength falls 
Off Sharply and excessive creep or deformation 
is noted. It has been observed that the thermal 
shock resistance of the material roughly follows 
the modulus of rupture curve and is poor in ma 
terials containing more than 50 volume percent 
alumina. It has also been observed that the 
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oxidation resistance roughly follows the streSS 
rupture curve. From the curves in Figure 2, it 
is seen that where both long and short time 
strengths at elevated temperatures are desired 
in the material the composition is critical; the 
optimum properties being obtainable from mas 
terials containing from 50 to 80 volume percent 
of metal and from 50 to 20 volume percent of 
alumina. 
The relation between the volume percentage 

of alumina and chromium-tungsten alloy re 
quired to obtain a high modulus of rupture at 
elevated temperatures is shown in the table be 
low. The data from which the table was pre 
pared were obtained from rupture tests at 1000 
C. on sintered chromium-tungsten-alloy-alumina, 
metal ceramics. The alloy constituent of 
the metal ceramics contained 30% by weight of 
chromium and 70% by weight of tungsten, which 
composition is approximately midpoint in the 
range of compositions found to be critical in the 
alloy constituent of the invention. 

Toole 

WOE Weight Percent of- Modulus of 
Wol. Percent Percent Rupture p.s. i. 
Aluminal Alloy - 1,000° C. y w Cr Al2O3 (average) 

50 50 53.6 22.5 23.9 80,000 
45 55 55.5 23.8 20.7 97,000 
40 60 57.7 24.8 17.5 107,000 
35 65 59.8 25.6 14.6 125,000 
30 70 617 26.4 E. 9 27,000 
25 75 63.3 27.2 9.5 125,000 
20. 80 649 27.8 7.3 127,000 
5 85 66.1 28.3 5.6 130,000 
10 90 67.6 29.0 3.4 125,000 
5 95 68.9 29.5 1.6 130,000 

In the manufacture of the material of the 
invention high purity metal powders of a niinute 
particle size are desirable. Metal and ceramic 
powders having an average particle size of 10 
mierons and below are preferred although pow 
ders that pass through a 300 mesh screen (0.0018 
inch openings) may be used. A fine "lamp 
grade”, tungsten powder is suitable. In the 
chromium powder, impurities known to lower 
the melting point produce embrittlement should 
be avoided. For example, carbon is detri 
mental and should be kept to a minimum, pref 
erably below 0.03%. 
The constituent powders making up a particu 

lar composition may be mixed, formed and sin 
tered, or the chromium and tungsten may be 
pre-alloyed before mixing with alumina. A high 
firing temperature of between 1700 and 1950° C. 
in a dry hydrogen atmosphere has been found 
to produce excellent results in the sintering op 
eration. Other atmospheres such as argon, may 
be employed, or the materials may be pre-fired 
in hydrogen or in vacuum and fully fired in 
argon. To obtain best results it is recommended 
that the atmosphere be of high purity and free 
fron oxygen. 
The preparation of a typical material would 

comprise preparing. a charge of powder contain 
ing 35 volume percent of alumina powder and 
65 volume percent of metal powder of the desired 
composition, wet ball milling the charge in toluol, 
benzol or similar material for from 24 to 100 
hours, drying the mixture from the ball mill, 
incorporating a binder such as paraffin or water, 
compacting the mixture at a pressure of between 
about 10,000 and 60,000 pounds, per square inch, 
drying the compact overnight and then firing the 
compact by heating at about 1825 C. in a dry 
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hydrogen atmosphere for between one and five 
hours. Alternatively, the mixed powders, with 
out binder, may be introduced into a graphite 
die and hot pressed at between 1700 and 1950° C. 
from 5 to 30 minutes at temperature under a 
pressure of from 1500 to 3000 pounds per square 
inch. 
The chromium-tungsten-alumina, metal ce 

ramics of the invention have a metal phase of 
alloyed or partially alloyed chromium and tung 
sten, and a ceramic phase of alumina. The metal 
phase appears to be Well-bonded to the alumina, 
phase by surface diffusion. Within the critical 

5 

20 

40 

30 

5 5 

60 

70 

75 

composition range specified, the metal phase 
forms a relatively continuous network or matrix 
throughout the final product. This metallic con 
tintuity conifers on the composite structure cer 
tain desirable properties of the metal itself to 
an extent which is significantly greater than that 
found in bodies having little or no metallic con 
tinuity. 
What is claimed is: 
1. A metal ceramic product characterized by 

its oxidation resistance and strength at elevated 
temperatures composed of a strongly cohesive, 
Sintered maSS of intimately dispersed minute par 
ticles of aluminia, and metal, said alumina 'be 
ing present in said mass in an amount between 5 
volume percent and 50 volume percent, said metal 
being present in said mass in an amount be 
tween 95 voluine percent and 50 volume per 
cent, said metal being composed by weight of 
between 20% and 45% chromium and between 
80% and 55% tungsten. 

2. A netal cerainic product as claimed in claim 
1 wherein the metal particles in said sintered 
mass are present as an alloy composed by weight 
of between 20% and 45% chromium and 80% and 
55% tungsten. 

3. A metal ceramic product characterized by 
its oxidation resistance and strength at elevated 
temperatures composed of a strongly cohesive, 
sintered mass of intimately dispersed minute 
particles of alumina and metal, said alumina 
being present in said mass in an amount be 
tween 20 volume percent and 50 volume per 
cent, said metal being present in said mass in an 
amount between 80 volume percent and 50 
volume percent, said metal being composed by 
weight of between 20% and 45% chromium 
and between 80% and 55% tungsten. 

4. A metal ceramic product as claimed in claim 
3 wherein the metal particles in said sintered 
mass are present as an alloy composed by weight 
of between 20% and 45% chromium and 80% 
and 55% tungsten. 

LOUIS A. CONANT. 
DANIEE. M. GILIES. 
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