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This invention relates to nonmetallic electric
resistatrce material and to 2 process for produc-
ing same,

It is knoewn to produce electric resistance ma-
terials from oxides and mixtures of oxides and
alse t0 use certain complex combinations, par-
tieularly ferrosoferric oxide, or magnetite, either
by Hself or with admixtures of resistance increas-
ing substances like light metal compounds, ce-
ramic masses, etc., a3 resistance material. It has
further been proposed to employ for this purposc
substances which can be derived in the form of
salts from aeids consisting chiefly of the higher
stages of oxidation of metals, as copper chromate.
Current conducting minerals like magnetite, red
rine ore, iron glance, iron pyrites, ete. have been
used also. It-has been found, however, that apart
from the metallic carhides and, above all, silicon
carbide, which do not constitute oxygen com-
pounds and at higher temperatures succumbd to
the attack of atmospheric oxygen, these proposals
have not yet brought about any practical success.
Experiments may further be mentioned to com-
bine metal powsders mixed with ceramic masses,
as clay, kaolin, etc., into resistance masses, but
the materials produced cermot withstand any ap-
precigble loading by the electric current.

It is the object of the invention to provide
electric resistance meaterials consisting of syn-
theticelly prepared compounids of the spinel type
formed by sintering oxides mixed at an accurate
stoichiometric ratlo, which at room temperature
possess a degree of electric conductivity suitable
for resistance purposes, or of a mixture of such
compounds obtained by sintering them together
and also distinguished by a suitable speciflic re-
sistance,

Substanees of the spinel type for producing
stable, eorrosion resisting ceramic resistance ma-
tertals have been chosen chiefly for the reason
that such spinels, besides their excellent thermal
and freguently also electrical properties, possess
the isomorphism due to the uniform character of
the crystal lattice, which means that these sub-
stances may be mixed in all proportions to obtain
perfectly hemogeneous masses contalning the
original constituents mubunlly in solid solutlon.
The Tesult s that the mixtures of such substances
of the spinel type are just as carrosion resisting
as their components, 1, e,, that they do not vary
their quality and structure if constantly subjected
to the action of heat or, In other words, do not
age.

Apart from the spinel itself, some of these sub-
staness occur in nature, though usually con-
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taminated and with a few exceptions not in suf-
ficient quantities. Contaminations, however,
particularly those containing silicic acid, change
the electric properties of these substances in a
highly unfavorsble manner end impalir also cor-
rosion resistance. For this reason, the Inven-
tion makes use of synthetically prepared sub-
stances.

Substances of the spinel type are chemically
perfectly well defined compounds of the formula
RIIO- RalO;

R being a bivalent metal like Mg, Fe, Ti, Co, Cr,
Zn, Cd and possibly also Cu, and R bheing a tri-
valent metal Hke Al, Ce, Fe, Ti, Cr, Mn. Their fun-
damental type is spinel proper, 1. e. MgO-Al20..
Bubstances possessing spinel characier show valu-
able physical propertles including practicularly
high constancy of temperature.

One of the commonest minerals of spinel type
is magnetite, Fe(Fea04), which in its synthetic
form as ferrosoferric oxide has been proposed al-
ready as suited for resistance purposes and in
its unmixed form is therefore disregarded by the
present invention, because its conductivity in this
condition ts much too high for resistance. It has
been attempted to impart a higher specific re-
sistance to ferroscferric oxide or magnetite by
nonconducting admixtures, as oxldes, clay, ste-
atite, etc., but this has led to no practical re-
sults, because such mixtures, even if heated to
melting temperature, fafl to yleld solid solutions
like the mbove-mentioned spinel mixtures. The
resistance materials thus produced either lack
stability as to temperature, even if heated to the
melting point, since the melting temperature,
particularly in case of siliceous admixtures like
steatite, is at once reduced thereby several hun-
dred degrees, or they corrode at any appreciable
electrical load owing to thelr inhomogenecus com-
position and lack also those electrical properties
that are required for practically useful resist-
ances. The temperature coefficient of the specific
registance is strongly negative, and the resistance
itself continually varies at constant temperature
during the passage of the current until it s com-
pletely destroyed. Closer examination discloses
the fact that the resistance mass is not uniform
due to the juxtaposition of substances of different
crystalline structure, and the added oxides in
particular are usually present therein in free and
unmixed condition and form nonconducting in-
clusions which produce destructive transfer re-
sistances and arcing. Additions of siliceous sub-
stances form bisllicates, 1. e. glas or slag streams,
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which do not combine with the excess magnetite
and produce similar effects as the oxide inclusions
mentloned. In short, such mixtures lack the in-
dispensable homogeneity. Simlilar experiments
with a view to rendering magnetite suitable for
resistance purposes have been made in larger
numbers and are therefore not new, New, on
the other hand, f{s the employment of mixtures
of magnetite with other substances of the spinel
type for resistance purposes, and herein resides
the main feature of the invention.

When substances of the spinel type, briefly
referred to below as “spinels”, are examined as
to their electrical properties, it will be found that
only a few of the pure unmixed spinels yleld use-
ful rcsistance material, mostly because the spe-
cific resistance is not great enough, whereas by
mixing such compounds in certain experimentally
determined proportions resistance materials pos-
sessing excellent physical properties are obtained.
The already mentioned isomorphism of the
splnels insures such a high degree of homogeneity
of the mixtures that the Individusl components
thereof completely disappear and their physical
properties undergo & change. Thls change takes
place however, in a certaln order within & mix-
ture series comprising equal components, though
in different proportions, so that after correspond-
ing preparation the physical properties, particu-
larly the melting point, the fusing temperature,
the specific electric resistance and the tempera-
ture coefficient thereof can be accurately deter-
mined by experiment for each mixing proportion.
As these physical properties continually vary with
the mixing proporticn, it 1s possible after adopt-
ing a principle, as a formula, table or curve, ac-
curately to determine the reslstance conditions
for each mixture series from the very start, or to
find in each instance, if the dimenslons of the
resistance body required are known, the mixture
possessing the desired absolute resistance at a
predetermined operating temperature of the re-
sistance materigl,

Synthetic spinels can be produced in the sim-
plest manner from the oxides serving as initial
material by sintering. However, as sintering by
mere mixing of the oxides concerned and their
subsequent heating is sucecessful only in rare in-
stances, various steps are required for chemically
combining the elements. One of these steps con-
sists in forming the finely erushed and well mixed
constituents into briquettes. The stoichiometri-
cally accurately weighed in constituents are inti-
mately mixed and with the ald of a binding agent
like dextrin, sulfit liguor, etc. which can be com-
pletely removed again by heating pressed into
plain firm bodies, unless it 1s desired to impart
to the pressed masses thieir Anal shape already
at this step. Having been dried, the bodies are
sintered at a temperature slightly below the melt-
ing point of the finlshed spinel and usually quite
high, which in every instance has to be found out
by experience. Sometimes, and particularly if
easily dissoclable (Cu®) or subliming ingredients
(CdO, ZnO) are contained in the mixture, sinter-
ing has to be carried out in stages. i, e., the tem-
perature must be raised by steps. After the
sintering process it is usual to crush the bodies
again and to reshape them by pressing, drawing,
etc.

An easier procedure comprises preparatory
sintering by means of fiuxes, since in this case
the sintering temperature can be kept far below
the sintering temperature proper. In this respect,
there are four different kinds of fluxed: In the
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first place, those that can be dissolved out again
by & solvent, mostly water, after sintering; sec-
ondly, those that can be evaporated again after
sintering by a subsequent rise in temperature;
thirdly, those whose admixture has no detri-
mental effect upon the physical properties of the
elements, especially resistance and temperature
coeficient, and which may therefore remain in
the mixture; and fourthly, those whose harmful
Ingredients can be removed by subsequent heat
treatment or during sintering,

To the first class of fluxes belong salts which
have a correspendingly low melting point but do
not decompose at the prevailing temperatures;
they comprise, above all, alkall salts, as sodlum
chloride, potassium sulfate, ete. 'The sintering
temperature lies slightly above the melting point
of the salis and is always such as to cause only
little decomposition or none at all. When sinter-
Ing has been performed, the flux is dissolved out
with the aid of water soluble salts, as water, dur-
ing which process the mass disintegrates or at
least softens and can be easily crushed, The
spinels are thus obtained in finest crystalline con-
ditlon. Purther shaping to produce resistance
bodies, which includes subsequent sintering, is
performed {n known manner as stated above.

The fluxes of the second class comprise easily
fusible or easlly vaporizable metalllec oxides llke
PbO, BisO; which frequently permit perfect
sintering already at a temperature of somewhat
above 1,000° C. Thelr retention in the resistance
mass has, however, a detrimental effect upon thelr
thermal and particularly their electric behavior,
50 that it is advisable to vaporize them out again
by suitable heat treatment, in which case the tem.
perature may remain far below the sintering tem-
perature of the pure spinel mass.

The third class of fluxes mentioned are those
that may either form a constituent of a compound
of the spinel type or that do not act detrimentally
even in isolated condition, since they are good
conductors themselves. An example is eadmium
oxide which is a good conductor per se and in
sintered condition will stand temperatures far
above 1,500° C. and which on the other hand, at
& little over 1,200° C., forms cadmium ferrite with
iron oxide, which Is a2 compound of the spinel type.

Of the fluxes of the fourth class specla]l men-
tion deserve metallic compounds having a rela-
tively low melting point. As they would detri-
mentally influence the thermal or electrical prop-
erties if they were to remain as such in the mass,
their harmful portion is votallzed by decompo-
sitlon at corresponding temperatures. The re-
malning portion, an oxide, is either kept i1solated
in the mass or combines with another constituent
of the mass to form a compound of the spinel
type. Examples are the chlorides and nitrates of
some heavy metals, which decompose at higher
temperatures, the acid portion or the halogen
escaping in gaseous form and the base remaining
as oXide in the mixture and eombining again in
certain circumstances.

Finally, a simplified process for producing
mixed spinels may be mentioned which is appli-

cable when one substance of the spinel type Is

already present in finished condition and both
constltuents of the mixture are based on the same
bivalent or trlvalent oxide. In this Instance, a
double spinel can be prepared simply by adding
another simple oxide. The following is an ex-
ample:

A mixture of ferroferrite, Fe(FezOq) s &and ferro-
chromite, Fe(CriO:), is to he prepared. As
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finished ferroferrite can be easily procured from
hammer or mill scale, it suffices to add a corre-
sponding amount of chromium oxide, Crz03, to
obtain the mixture mentioned by sintering, since
in this case a portion of the trivalent iron oxide
in the ferroferrite s automasatically reduced and
with the chromlum oxide forms ferrochromlte.
An example of the reversed case is the following:
Manganous manganite is preseni, and :zinc
manganite is to be added as second substance.
It is then only necessary to add zinc oxide to
the manganous manganite and to sinter the
mixture, which involves automatic oxidatlon of
a portion of the bivalent manganic oxide (man-
ganous oxlde) to & trivalent one, so that finally
& mixture of two spinels, zinc manganite and
manganous manganite, is obtalned.

The further treatment of the resistance masses
up to the production of the finished resistance
bodles is assumed to be known. TUnless the first
sintering operation producing the desired chem-
ical compounds is to be directly combined with
final shaping of the resistance bodles, for in-
stance by imparting to the crude oxide mixtures
the final shape of the resistance bodies by press-
ing, which in case of numerocus mixtures can
be done without trouble, the fusible masses are
either cast Into suitable molds or after prepara-
tory disintegration provided with an appropriate
binding agent and shaped as required by means
of impression dles or an extruding press, where-
upon they are subjected again to sintering during
which operation the binding agent 1s removed.

When fluxes are used which would leave oxides
in the resistance materlal, steps may be taken to
insure subsequent conversion of these oxides into
splnels. If the nature of the substances present
is such that this conversion dees not occur by
itself, & certaln amount of a second oxide that
does not act as flux may be added to make sure
that the fiux is converted Into a substance hav-
ing spinel character. These processes may be il-
lustrated by a few examples.

Assumed that ferrous aluminate, equal to black
spinel or mineralogical hercynite, is used as
fundamental substance In a resistance mass and
cadmium oxide as flux, which acquires this qual-
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ity already at somewhat sbove 1.000° C. whilst
hercynite alone would sinter only at approxi-
mately 1.600° C. If to this mixture the ac-
curately welghed quantity of iron oxide, (FeaO3),
required to combine with the cadmium oxide
present to form cadmium ferrite is added, the
pecullar property of the cadmium oxide to act
as flux is at Arst not affected thereby. It “dls-
solves” the ferrous aluminate, that is, it produces
sintering thereof already at about 1.200° C. How-
ever, during a rise in temperature to 1.280° C.
within three hours, a corresponding smount of
cadmium ferrite, the second substance of spinel
type, is glowly formed while the iron oxide com-
bines with the cadmium oxlde which loses as in-
tended its capacity to act as flux. The new mix-
ture formed has then a fusing temperature of
over 1.500° C. and may serve as resistance mate-
rial up to this point.

If the fundamental substance is a mixture of
ferrous aluminate and ferroferrite and cadmium
oxlde serves agaln as flux, sintering occurs at
approximately 1.200° ¢. When after sintering
the temperature Is ralsed again to 1.280° C., the
cadmium oxide 1s capable of splitting a corre-
sponding amount of the ferroferrite present into
FeO and Fe:03, & portion of the cadmium oxide
forming with the Fez02 cadmium ferrite, and
the other portion does likewise with the FeQ while
atmospheric oxygen is absorbed. The following
equation is probably applicable to the process:

2Fe(FeaO4) +3CdO+ 0=3Cd(Fe204)

It i1s important to have the flux lose iis char-
acteristic as such, since the resistance will then
be adapted for higher temperatures. The advan-
tage aflorded by the use of the flux is evident.
Referring agaln to the example stated: Prepara-
tory sintering with a water soluble flux brings
about at flrst the chemical combination of the
starting materials to form spinels at a tempera-
ture of only 1.000° C., and after shaping sinter-
Ing can be completed with cadmium oxide at
1.200° C. In this way resistance bodles can he
obtained which will withstand temperatures up
to nearly 1.600° C.

KARL BIEFELD,



