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ABSTRACT: An electric resistance element of molybdenum 
disilicide has a thin incandescent zone whose dimensions are 
formed by chemical decomposition, dissolution or corrosion. ' 
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METHOD OF MANUFACTURING ELECTRICAL 
RESISTANCE ELEMENTS AND ELEMENTS 

MANUFACTURED BY THE METHOD 

The present invention relates to a method of manufacturing 
electrical resistance elements substantially consisting of 
molybdenum disilicide and having an incandescent zone and 
at least one thicker terminal. Such electrical resistance ele 
ments have been known for a long time. 
The natural brittleness of the material in cold condition has 

limited the use of molybdenum disilicide substantially to ele 
ments having a rather large cross sectional area. As an exam 
ple of such elements the proven type of element sold under the 
registered trade mark of KANTHAL SUPER may be men 
tioned, said element consisting of an incandescent portion in 
U-shape and having straight terminals. The incandescent por 
tion may have a diameter of about 6 mm. an the terminals 
which are generally connected to the incandescent portion by 
resistance butt welding, may have a diameter of about 12 mm. 
ln these thick terminals the temperature will be low even 
though the incandescent portion has a temperature of about 
l,600° to l,700° C., and thereby it becomes possible to con— 
nect them with contacts of aluminum, for instance. 
When trying to make resistance elements of the type men 

tioned but having considerably smaller dimensions, such as 
diameters of the magnitude 1 mm. for the incandescent por 
tion, it has in practice been found very dif?cult to weld on the 
terminals as the material is hard to handle owing to its great 
brittleness. Therefore, in the case of thin elements of molyb 
denum disilicide it has been necessary to choose another way, 
viz, not to use a welded-on thicker terminal. Instead, the 
whole element is designed as an incandescent portion soldered 
to air or liquid cooled contacts. Owing to the strongly positive 
temperature coef?cient of the element material for the electri 
cal resistance, it may be possible to obtain rather cold contacts 
in such elements. ' 

- ' These known thin elements which are soldered to contacts 

have, however, proved troublesome in use. The majority of 
metallic materials, with the exception of gold and silver, react 
with the element material at high temperatures, and because 
of the di?‘erences in heat expansion coefficient the soldered 
joints do not become durable, particularly if the elements are 
used intermittently which, as a rule, is the case. 
The object of the present invention is to remedy the above 

dif?culties in a simple and cheap way, and a thin molybdenum 
disilicide element with at least one thicker terminal is charac 
terized, according to the invention, substantially in that at 
least the incandescent portion of the element has been given 
its ?nal dimension by removing certain portions of an element 
blank by a chemical removal process such as chemical dissolu~ 
tion, decomposing or corrosion. 
The simplest way of carrying out the method according to 

the invention is to submerge a U-shaped rod blank in an acid 
mixture for such a long period of time and to such depth that 
the acid corrodes away the amount of material required to 
give the incandescent portion the desired ?nal diameter and 
length. 
The chemically dissoluting, decomposing or corroding 

agent which has proven most useful in this connection is an 
acid mixture containing hydro?uoric acid, nitric acid and, if 
desired, water. ' _ 

Resistance elements which are in the known way built up of 
a powder metallurgical composition of molybdenum disilicide 
and a glass rich in SiO2 are dissolved in said acid mixture as the 
molybdenum disilicide and the glass component are dissolved 
at approximately the same rate. Thereby a smooth surface and 
a controllable cross sectional area of the portion treated with 
acid are obtained. However, resistance elements substantially 
consisting of molybdenum disilicide may also contain other 
substances as additions in order to modify different properties. 

. An example of such an addition is finely powdered silicon car‘ 
bide which is then substituted for the glass component in the 
above example. The glass as well as the silicon carbide 
prevents the grain growth of the molybdenum disilicide at high 
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temperature and also gives the material other advantageous 
properties, such as plastic workability in heat, for instance. 
However, the silicon carbide component in such an element is 
not dissolved at all or only dissolved very slowly in the acid 
mixture mentioned, but nevertheless it is possible according to 
the invention to produce elements with thin incandescent por 
tions by chemical treatment provided that the molybdenum 
disilicide is the main component; unattacked silicon carbide 
present in rather insigni?cant amounts will automatically fall 
off from the goods dissolved. Also other additions and modi? 
cations of the composition may be permitted according to the 
invention, such as a modi?cation of the MoSi, component by 
adding as alloy components small amounts of other metals 
which do not influence the chemical solubility. 
The interface between air and liquid in an acid bath for 

chemical dissolution as per above has proved to have a disad 
vantageous in?uence on the smoothness of the corroded por 
tion. Therefore, it has proved convenient to keep the element 
in motion during the treatment to avoid a reduced diameter of 
the portion located at the interface. Another way of avoiding 
the problems with the interface between air and liquid is to 
coat those portions of the element blank which are not to be 
corroded with a layer of an acidproof material, such as 
plastics, the element blank being submerged in the acid bath 
to such a depth that the interface air-liquid will be within the 
plastics-coated area. 

Thus, the method according to the invention presupposes 
that there is no intercrystalline corrosion or any other type of 
attack interiorly of the element. Therefore, it is important that 
the bodies containing molybdenum disilicide are free of pores. ' 
The porosity should be less than 2 percent, preferably below 
0.5-1 percent. To obtain such low porosity it is convenient to 
use low melting glass as binding agent for the molybdenum 
disilicide. 
The invention is illustrated by the following practical exam 

ple: . 

A straight homogenous rod of 4.6 mm. diameter and having 
a porosity less than 1 percent consisting of a ?ne-grained 
powder metallurgical dense body containing 90 percent by 
weight of MoSiz and 10 percent by weight of a glass rich in 
SiO,, which has been produced by pressing and sintering 
MoSi2 and bentonite was bent in heat into U-shape, the legs 
having a length of 50 mm., and the space between the legs 
being 15 mm. This U-shaped blank was half submerged in a 
cold mixture of 50 parts of volume of concentrated nitric acid, 
50 parts by volume of concentrated hydro?uoric acid and l0 
parts by volume of water. The element was kept submerged in 
this mixture for 2 minutes, while being slightly moved, and was 
then carefully rinsed in water. After the treatment, an incan 
descent zone having the diameter 2.3 mm., had been formed. 
The element was provided with sprayed-on contact layers of 
aluminum, whereupon it was connected in a current circuit 
and permitted operating temperatures of 1,600° C. and more 
in the incandescent zone, while the thicker, uncorroded ter 
minals had a temperature of less than 200° C. in the contact 
layers. 
By the new method it is possible to produce miniature ele 

ments in an economical and practical way. This method is use 
ful for the manufacture of very small elements intended for 
gas igniters, for instance, and having a smaller diameter than 1 
mm. for the incandescent zone, such as 0.4 mm., and ter 
minals of 1 to 2 mm. The advantage of the method according 
to the invention is, inter alia, that it is possible to accurately 
control the diameter and that the dif?cult bending in heat of 
very thin incandescent zones may be dispensed with. Thus. it 
is possible to shape a small element having a leg length of 50 - 
mm., for instance, and a space between the legs of only 3 mm., 
by starting from a straight rod with adiameter of 1.5 mm., 

. bending it in heat into a U with the desired leg space and then 

75 

submerging 10 mm., of the lower part of the blank in the acid 
mixture. When working with so thin dimensions it is con 
venient to dilute the acid further so that the rate of decom 
position becomes slower and thus more readily controllable. It 
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is even possible to make elements with incandescent zones 
having diameters of 0.1 to 0.2 mm. 
As it is not practicable to make wires of molybdenum disili 

cide by drawing, the new method offers possibilities of making 
such thin dimensions as could not previously be manufactured 
with the desirable accuracy of measures. 

Also, the method offers, possibilities of automatizing the 
production, as it is easy to make such arrangements that the 
resistance of the element blank may be caused, during the acid 

' treatment, to control the moment at which the blank is 
removed from the acid bath. 
The method may also be applied such that a blank of molyb 

denum disilicide in the form of a tube or a plate, for instance, 
is coated with a material resistant to the acid mixture, such as . 
plastics, for instance, and that a desired pattern is drawn on 
the surface so that a selective dissolution of the material can 
then take place in accordance with particular wishes. For in 
stance, it is possible in this way to make from a very thin plate 
a ?at resistance coil with broader terminals. Such ?at ele 
ments may be used in cigarette lighters, for instance. 
Two embodiments of elements according to the invention 

are shown in the accompanying drawing wherein 
FIG. 1 is a perspective view of a hairpin-shaped element and 
FIG. 2 is a plan view of an element formed as a ?at spiral. 
The elements 10 in FIG. 1 which consists essentially of 

MoSi2 has two terminals 11, 12 with ?ame sprayed aluminium 
contacts 11A, 12A and of a diameter of about 1 mm. and a 
length of about 60 mm. each. The terminals 11, 12 are parallel 
to each other and spaced apart about 3-10 mm. The bent in 
candescent zone 13 which is formed from the same rod 
shaped blank as the terminals 11, 12 has had its diameter 
reduced down to about 0.4 mm. by chemical corrosion as 
discussed above. 
The element 14 in FIG. 2 has been formed with an incan 

descent zone 15 and two wider terminal portions 16, 17 by 
corroding away a spiral shaped portion to‘ form a spiral slot 18 
in a ?at, plate-shaped blank, essentially of MoSi2, in the 
above-described manner. . 

A pluralityrof modi?cations and alterations of details are 
possible within the scope of the invention idea. 

I claim: 
1. A method of manufacturing an electrical resistance ele 

ment having a thin incandescent zone, comprising the steps of 
forming a blank of said resistance element from molyb 
denum disilicide and a glass rich in silicon dioxide to have 
a porosity lower than 2 percent and having at least one 
electrode portion conforming substantially to the elec 
trode portion of said resistance element and having an in 
candescent zone thicker than the incandescent zone of 
said electrical resistance element, I 

bringing said incandescent portion of said blank into con 
tact with a chemical agent capable of removing molyb 
denum disilicide for a sufficient time to‘ uniformly thin 
said incandescent portion while said electrode is pro 
tected from said chemical agent; and ' 

separating said incandescent portion from said chemical ' 
' agent before sufficient material has been removed from 
said incandescent portion to form any aperture in said in 
candescent portion, whereby the desired dimensions of 
said incandescent zone are obtained with a relatively 
smooth finish. 

2. A method in accordance with claim 1 in which the step of 
bringing the chemical agent into contact with said incan 
descent portion comprises the step of bringing an acid mixture 
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4 
comprising nitric acid and hydro?uoric acid into contact with 
said incandescent portion. 

3. A method in accordance with claim 2 in which said step 
of bringing a chemical agent into contact with said incan 
descent portion comprises the step of bringing an acid mixture 
consisting essentially of 50 parts by volume of concentrated 
nitric acid and 50 parts by volume of concentrated hydro?uor 
ic acid into contact with said incandescent ortion. _ 

4. A method in accordance with claim in which said step 
of bringing said chemical agent into contact with said incan 
descent portion comprises the step of submerging said incan 
descent portion into said chemical agent while maintaining 
said electrode portion free from said chemical agent. 

5. A method in accordance with claim 4 in which said step 
of forming said electrical resistance blank comprises the step 
of coating said electrode portion with a masking substance 
that is not affected by said chemical agent, whereby the inter 
face between the chemical agent and the atmosphere is 
prevented from creating a discontinuity in said electrical re 
sistance element. 

6. A method in accordance with claim 4 in which said elec 
trical resistance blank is moved with respect to said chemical 
agent while submerged therein, whereby said interface 
between said chemical agent and the atmosphere is prevented 
from causing a discontinuity in said electrical resistance ele 
ment. 

7. A method according to claim 1 in which said step of 
forming said electrical resistance blank includes the step of 
forming said electrical resistance blank from a material con 
sisting of at least 60 percent by volume of molybdenum disili 
cide and at most 40 percent by volume of ceramic additions. 

8. A method in accordance with claim 1 in which: 
said step of forming said electrical resistance blank includes 

the step of forming a straight rod of approximately 5 mil- ' 
limeters in diameter with a porosity less than 1 percent of 
a ?ne-grained powder metallurgical body containing 90 
percent by weight of molybdenum disilicide and 10 per 
cent by weight of a glass rich in silicone dioxide which has 
been produced by sintering molybdenum disilicide and’ 
bentonite and the step of ‘bending said rod while heated 
into a U-shape with’ the legs of the U having a length of 
approximately 50 millimeters and with a space between 
the legs of approximately 15 millimeters; " 

said step of bringing a chemical agent into contact with said‘ 
incandescent portion includes the step of submerging the 
U-shaped blank half way into a cold mixture of 50'parts 
by volume of concentrated nitric acid, 50 parts by volume 
of concentrated hydrofluoric acid and [0 parts by volume 

‘ of water. for approximately two minutes while being 
moved; and ' ' a ‘ ' 

said step of separating said'incandescent portion and said 
chemical agent includes the steps of removing said U 
shaped blank from said cold mixture and rinsing with 
water. ' Q 1 

9. An electrical resistance element‘formed in accordance 
with the method of claim 1 and having a rodlike cross section 
in which the diameter of the incandescent zone is less than‘ 6 
millimeters. , .. 

10. An electrical resistance element formed in accordance 
with the method of claim 1 and having a rodlike cross section 
in which the diameter of the incandescent zone is less than i 
millimeter and the diameter of the electrode portion is more 
than 1 millimeter. 


