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This invention relates to materials which exhibit strength 
and oxidation resistance at high temperatures and are 
particularly suited for resistor heating elements that can 
be operated without protective atmosphere and have a 
surprisingly high service life also in oxidizing atmos 
pheres. 

According to the invention, materials consisting of 
molybdenum, silicon and, if desired, further additions, 
meet these requirements. 

According to the invention, a heating element of the 
outlined requirements may consist, for instance, of molyb 
denum silicides; and particularly advantageous are com 
positions of the ternary system, molybdenum-silicon-alu 
minum. Accordingly, the heating element may be com 
posed, for instance, of molybdenum silicides and molyb 
denum aluminides; or of molybdenum-silicon and molyb 
denum-aluminum alloys; or of a molybdenum, molyb 
denum-silicon or molybdenum-aluminum skeleton infil 
trated with an aluminum-silicon alloy; or of molybdenum 
aluminide and silicon. 

Heating elements, according to the invention, may be 
fabricated by any of the methods known to the art. It is 
thus possible to prepare heating elements in the form of 
tubes or loops by casting. It appears, however, prefer 
able to prepare the elements by techniques of powder 
metallurgy; for instance, by extrusion followed by sinter 
ing and, if desired, under application of pressure during 
sintering. 

It is also possible to prepare porous bodies of molyb 
denum or molybdenum-silicon or molybdenum-alumi 
num pre-alloys and to infiltrate these bodies with alu 
minum-silicon alloys. 
The following examples will clarify the principle of the 

invention: 
Molybdenum-silicide of the composition MoSi is pre 

pared, either by melting or by hot-pressing, and pulver 
ized. After addition of a plasticizer, the silicide is extruded 
to form rods or tubes. The plasticizer is volatilized by 
heating and the compacts are then annealed (sintered) in 
a high-frequency furnace for 1-2 hours. The sintered 
materials thus prepared have metallic conductivity, satis 
factory strength and very high oxidation resistance. 
A material on molybdenum silicide-molybdenum alu 

minide basis is prepared in the following manner: About 
5% of molybdenum aluminide is added to molybdenum 
silicide. The mixture is compacted in the presence of a 
plasticizer. After volatilization of the plasticizer at red 
heat, the compact is presintered at 1100 C. and then 
subjected to a final sintering process by direct passage of 
current through the compact in vacuum or in reducing 
or oxidizing atmosphere. 
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It is recommended to subject the heating element, prior 
to service, to a short-time treatment in an oxidizing at 
mosphere in order to form an adherent and gas-impervi 
ous protective layer. This is particularly recommended 
when the final sintering operation has been performed in 
a non-oxidizing atmosphere. After an insignificant vola 
tilization of small amounts of molybdenum trioxide, this 

70 

2 
treatment leads to the formation of a surprisingly well 
adherent and gas-impervious protective layer which has 
quartz-like appearance and subsequently permits the heat 
ing of the elements at temperatures between 1350-1600 
C. for several hundreds of hours, without any harmful 
effects on the protected body. 

It can be assumed that also aluminum oxide originat 
ing from the aluminides as well as lower molybdenum 
oxides take part in the formation of the adherent protec 
tive layer. 
The advantage of protective layers containing alumi 

num oxide is seen in the formation of compositions of 
mullite or sillimanite character. The following example 
refers to the production of heating elements having a pro 
tective layer of this type. 
70 parts of molybdenum silicide and 30 parts of molyb 

denum aluminide of the approximate composition MoAls 
are mixed and hydrostatically compacted to the shape 
of tubes. The compacts are pre-heated, in carbon diox 
ide, at 1200° C., and finally sintered by direct passage of 
current at about 1600° C. (Throughout the specifica 
tion and claims, all proportions are by weight, unless 
otherwise specifically stated.) 

Prior to the final sintering operation, the ends of the 
tube-shaped heating elements are suitably inserted in ter 
minal tubes of increased thickness; sintering then provides 
bonding between the terminals and the ends of the heat 
ing element. 

Since the conductivity of heating elements on molyb 
denum-silicon or molybdenum-silicon-aluminum basis is 
comparatively high, only thin cross-sections-thin rods 
or thin-walled tubes-are applicable. In special cases, it 
is suitable to increase the electrical resistivity by adding 
to the alloying components high-melting oxides. These 
oxides should, if possible, not react with the base material. 
Satisfactory results were obtained with additions of ox 
ides which become conducting at high temperatures, such 
as zirconium oxide and thorium oxide, as well as with 
additions which are practically non-coductive at high tem 
peratures, such as aluminum oxide, beryllium oxide and 
silicon oxide. The choice of the oxide to be added is 
dictated by the intended use of the elements. 
The use of oxide additions is illustrated by the fol 

lowing example: 
A mixture of 60 parts of molybdenum silicides, 10 parts 

of molybdenum aluminide and 30 parts of zirconium ox 
ide is filled in a graphite die of cylindrical cross-section, 
the die than being introduced into a hot press where the 
charge is heated to 1400 C. under application of a pres 
sure of 150-200 kg./cm2. The die may be heated by a 
high-frequency field or by utilizing the graphite punches 
of the press for resistance heating. 
The scope of the invention is not limited to molyb 

denum alloys. The molybdenum may be partly replaced 
by other refractory metals such as tungsten, tantalum, 
niobium or chromium. 
We claim: 
1. In an electric heater device, an elongated heater re 

sistance body formed by sintering at an elevated tempera 
ture particles of its constituents, which constituents con 
sist essentially of 60 to 70 parts by weight of molyb 
denum and silicon in proportions present in molybdenum 
disilicide, and 10 to 30 parts by weight of molybdenum 
and aluminum in proportions present in molybdenum alu 
minide (MoAls), said constituents containing also up to 
30% by weight of a refractory oxide selected from the 
group consisting of zirconium oxide, thorium oxide, 
aluminum oxide, beryllium oxide, silicon oxide, and mix 
tures of said oxides. 

2. In a heater device as claimed in claim 1, having a 
resistance body which consists essentially of about 70% 
of molybdenum and silicon in the proportions present in 
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molybdenum disilicide and about 30% of aluminum and 
additional molybdenum in the proportions present in 
molybdenum aluminide (MoAls). 

3. In a heater device as claimed in claim 1, having a 
resistance body which consists essentially of about 60% 
of molybdenum and silicon in the proportions found in 
molybdenum disilicide, about 10% of aluminum and 
additional molybdenum in the proportions present in 
molybdenum aluminide (MoAls) and about 30% of said 
refractory oxide. 

4. The material as set forth in claim 3 in which said 
refractory oxide is zirconium oxide. 
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