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This application is a continuation of our application 
Serial No. 14,748, filed Mar. 14, 1960, now abandoned. 

This invention relates to resistor compositions and par 
ticularly to glass phase semiconductor resistor composi 
tions suitable for use in resistors and resistor spark plugs 
of the automotive and aviation type and to the devices 
embodying such compositions. 
Our invention is an improvement over the monolithic 

resistor plug described and claimed in the McDougal et 
al. Patent 2,459,282 granted Ian. 18, 1949. This patent 
discloses a resistance element comprising a heterogenous 
mixture of conductor material, i.e., carbon either alone or 
in combination with various conducting metals, metal ox 
ides and metal carbides, with glass. In this composition, 
the conducting material exists as a continuous phase and 
the resistance thereof is dependent solely on the amount 
of conductor material present, the glass serving only to 
suspend the conductor material in a rigid structure. Such 
resistors are limited to relatively low temperature use due 
to “flash-over” and are relatively unstable electically. 
Our invention is also an improvement over that de 

scribed and claimed in the Counts et al. Patent 2,864,884 
granted Dec. 16, 1958 which discloses and claims the 
stanno-titanate type semiconductor in glass phase. The 
patented compositions and resistor devices are not satis 
factory for use where specification requirements are so 
strict as to approach the electrical stability characteristics 
of graphite. 

It is therefore an object of our invention to provide a 
resistor composition having stable electrical characteristis. 
It is another object of our invention to provide a resistor 
element capable of withstanding high operating tempera 
tures and having stable electrical characteristics. It is 
another object of our invention to provide a spark plug 
having stable electrical characteristics and capable of 
withstanding high operating temperatures. 
To attain these objects we provide a resistor semicon 

ductor material comprising a sintered binary composition 
of metal oxides in admixture with glass with the addition 
of small amounts of reducer material, the mixture being 
hot-pressed to form a non-porous resistor element having 
a gas tight sealing bond with the containing insulator 
body. 

Further objects and advantages lof the present invention 
will be apparent from the following description, refer 
ence being had to the accompanying drawing, wherein a 
preferred embodiment of our invention is clearly shown. 

In the drawing: . 

FIGURE l is a vertical cross-sectional view of an auto 
motive type spark plug embodying our invention. 
FIGURE 2 is a section `through a resistor suitable for 

use in an aviation type ignition harness. 
Having reference to FIGURE 1 there is shown an auto 

motive type spark plug 1 comprising a shell 3 provided 
with screw threads at its lower end for threaded connec 
tion with the engine, a ground electrode 5 being secured 
to its lower edge. The shell 3 is provided with a stepped 
centerbore '7 forming an internal ledge 9 therein. Posi 
tioned on the ledge 9 is an insulator sleeve 117 formed 
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preferably of sintered aluminum oxides, other type mate 
rials being possible, the insulator being secured in gas 
tight relationship with the shell 3. 
The insulator 11 is provided with a stepped centerbore 

13 adapted to receive and position a center electrode 15 
on the ledge 17 formed therein. The electrode 15 may 
be formed of any suitable material capable of withstand 
ing high temperatures and possessing good heat conduc 
tivity. Positioned in the centerbore and overlying the 
electrode 15 is the resistor section 19. The section 19 
has good electrical contact with the electrode 15 and is in 
gas tight sealed relationship within the insulator 11. The 
resistor section 19 comprises a lower conducting seal 23, 
an upper conducting seal 25 and an intermediate portion 
27 constituting the resistor composition of oui invention. 
The conducting seals may be made of any suitable mate 
rial capable of being bonded to the insulator and to the 
resistance element and possessing good electrical conduc 
tivity. We prefer to use a mixture of glass and conduct 
ing material as described and claimed in Schwartzwalder 
and Kirk Patent 2,106,578 granted lan. 25, 1938, and 
Schwartzwalder and Rulka Patent 2,248,415 granted July 
8, 1941. 
The lower seal 23 is subjected to greater heating during 

operation of the plug than is the upper seal 31 and is 
preferably made from a mixture by boro-silicate glass 
and powdered copper, the plasticity thereof being such as 
to preclude its running down over the lower surfaces of 
the center electrode 15 during the hot pressing operation. 
The upper seal 25 is formed of a lower portion 29 and 
an upper portion 31, the lower portion 29 being relatively 
stiff on hot pressing in order to serve as a plunger for 
evenly compressing the intermediate portion 27. Both 
sections 29 and 31 are likewise formed of a mixture com 
prising powdered copper in glass. 

In an effort to find a resistor composition satisfying 
rigid speciñcations limiting variation in resistance over 
the temperature and voltage range encountered in normal 
operation as well as one capable of withstanding tempera 
tures as high as 1000° F., we have discovered a series of 
semiconductor materials which are sintered binary com 
positions of metal oxides which, when reacted with a 
glass phase and reducer material, produce semiconductor 
compositions having stable and reproducible electrical 
characteristics, i.e., low temperature coefficient of resis 
tivity and low voltage coeiiicient of resistivity. 
More specifically, in order to meet rigid military re 

quirements, extended testing and development resulted in 
the discovery that the required electrical stability was ob 
tained by use of sintered titanium-zirconates, TiO2=ZrO2, 
and the sintered binary compositions of tantalum oxide 
and cerium oxide, thorium oxide and didymium oxide. 
As used herein and as available commercially, didymium 
oxide consists essentially of the following constituents in 
about the percent by weight stated: 

45.5% lanthanum oxide ___________________ __ La2O3 
38.0% neodymium oxide __________________ __ Nd203 
11.0% praseodymium oxide ________________ __ PrßOu 

4.0% samarium oxide ____________________ __ Sm2O3 
1.5% of other rare earth oxides. 

In preparing the glass-phase semiconductor composi 
tions of our invention, the semiconductor materials are 
ñred to sintering temperature, such temperature being gen 
erally in the order of about 2300D F. to about 29S0° F., in 
air for a period of atleast one hour to as much as 24 hours 
to form a binary oxide calcine which is then ground to 
a mesh size of less than 200 for use in the glass-phase 
composition as set forth in detail hereinafter. We have 
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found that suitable calcines are formed of mixtures con 
sisting essentially of about 5 ̀ to 15% by weight Ta2O5 and 
85 to 95% of thorium, cerium or didyrnium oxide, the 
preferred mixture being about 10% TaZOâ and 90% of 
the other oxide. Similarly, suitable calcines of TÍOZ and 
ZrO2 may be formed using mixtures of about 0.5 to 60% 
by weight TiOZ and 40 to 99.5% ZrO2, the preferred mix 
ture being about 10% by weight TiO2 and 90% ZrOz. 

Within the range stated, the variation of tantala causes 
little change in ythe temperature and voltage coeflicients 
of resistivity. With reference to the semiconductor com 
positions using the titania-zirconia system of binary cal 
cines, we have found the temperature and voltage co 
efficients of resistance to be about 50% less than those 
of the stanno-titanate compositions disclosed in our Patent 
2,864,884. It has also been found that Where TiO2 is 
present in amounts more than about 60% by weight, 
the semiconductor composition will have the electrical 
properties of TiO2, i.e., higher temperature and voltage 
coefficients of resistance than those -within the stated 
range. Shown in Table l are the temperature and volt 
age coefficients of resistance found for the semiconductor 
materials of our invention when embodied in spark plugs 
of the type shown in FIGURE l as the glass-pbase com 
positions described hereinafter. 

T able I 

System Temperature Voltage 
Coefficient Coelîicient 

Ta2O5-Th0z. _ 0. 85 0.63 
TazOrCeOz. _ 0. 95 0.57 
TaßOrDlzO.; _ 0. 90 Ü. G3 
TiOz-Zr02_-__ 0.75 0. 64 

As used herein, the temperature coeflicient of resistance 
test consists of measuring the centerwise resistance of 
the insulator assembly at 80° IF., then im-mersing the 
system in a temperature-controlled oil bath at 350° F., 
`and Aagain measuring the centerwise resistance. The 
temperature coeflicient is expressed as the ratio of re 
sistance at 350° F. to resistance at 80° F. 
The voltage coefñcien-t of resistance test consists of 

measuring the centerwise resistance of an insulator as 
sembly lat different voltages. The voltage coefficient is 
expressed as the ratio of the resistance at 5 kv. to the 
resistance at 3 volts. 

In forming the insulator assemblies described, the re 
sistor glass seal was achieved by loading the semicon 
ductor ̀ glass-phase composition into the insulator between 
layers of copperagla'ss contact seal material and beating 
to the :temperature where the reducing material reacts 
to develop the desired stable electrical properties. It 
has been ̀ found satisfactory to heat rapidly to about 1620 
to 1650° F. and soak for about 5 minutes after which the 
glass-phase layers are cooled Iwhile under pressure to 
form a dense compact body, The time periods are not 
critical since it is merely necessary to raise the materials 
to an elevated temperature to enable reaction and Soften 
ing of the glass for hot pressing. 
We have found that the semiconductor glass phase 

compositions of our invention may be formed of the -fol 
lowing constituents in the percent by weight noted: 

Percent 
Glass __________________________________ __ 5-40 

Semiconductor material ___________________ __ 35-90 

înert liller-kyanite, borolon, Zircon, mullite, 
etc. _________________________________ __ 0-25 

Binder-_clay (bentonite), -animal glue ______ __ 0-3 
Reducing material-_carbon-ace-tylene black, 

graphite, etc. __________________________ __ 0.1-3 

With specific reference to the titania-Zirconia system, 
the `following range of constituents produces the com 
positions having the ‘greatest ease of handling yas gran 
ules of about 28 mesh size and having the most stable 
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electrical properties, a specific preferred composition 
being in about the percent by weight noted. 

Percent by Percent 
weight preferred 

Glass-«barium-borate ___________________ _ _ 13-32 13. 3 

Semiconductor material. _ 57-7 7 75. 6 
Inert ñller-kyaníte_ _ _ _ 7. 5-11 8. 8 
Binder-Bentonite. ____ . 75~1. 1 0. 9 
Carbon-acetylene blac _ _ _ _ 0. 1-3 1. 4 

With reference to the several constituents called for, 
the most uniform resistances and reproducible electrical 
properties (such ‘as temperature coeflicient of resistance 
and voltage coeñicient of resistance) have been obtained 
with a barium borate glass yas the glass phase. When an 
ordinary soda-lime-silica glass, fboric anhydride, barium 
boro-silicate glass or lead boro-silicate glass is substituted 
for the barium borate glass, the electrical resistance in 
creases greatly and is therefore outside the desired re 
sistance range of 15,000 ohms maximum Iat 5 kv. and 
room temperature. The »kyanite acts only as an inert 
filler and can be substituted for by any inert grog, such as 
«borolon grain, mullite, Zirconia, etc. The acetylene 
black (carbon) is added to create a reducing atmosphere 
during the hot pressing operation; by adding a certain 
amount of this material, the semiconductor material is 
reduced a very definite amount, so that semiconduction 
by “holes” -and/or by “electrons” occurs. We can con 
trol the resistance range of the glass seal `by means of the 
reducing agent. The bentonite is an inert inorganic 
binder which aids in the granulating process but does not 
affect the electrical properties. Certain organic binders, 
on decomposing at the glass temperature, leaves behind 
a carbon residue wh-ich causes additional (and uncon 
trollable) reduction of the semiconductor. A few or 
Vg-anic binders, notably those made of animal glues, are 
actually better lglass seal granule binders, but are slightly 
inferior to bentonite-bonded seals Ifor electrical proper 
ties. With `specific reference to the titania-zirconia sys 
tem, we have found it necessary to use zirconia of the 
highest purity, i.e., at least 99.7% .pure whereas the 
titania may be of the commercial non-ohalking paint 
tgrade. Also, as used herein, the barium-borate glass 
consists «essentially of about 25% by weight BaO2 and 

B203. 
With specific reference to the tantala metal oxide sys 

tems, the following is a preferred composition in about 
the percent by weight noted, the remarks made above 
being equally yapplicable thereto: 

Percent 
Glass-barium `borate _________________________ __ «33 

Semiconductor material _______________________ __ 38 

Inert liller-kyanite _________________________ __ 25 

Binder-«bentonite __________________________ __ 3 

Carbon-acetylene black ____________________ __ 2 

The semiconductor glass phase compositions of our in 
vention may be prepared in glanular form by first dry 
mixing the materials and then adding water to make a 
plastic mass. The plast-ic mass is then forced through 
a 20 mesh screen and the resulting `granules dried. 
The dried material is then regranulated through a 28 
mesli `screen and the material retained between 28 and 
100 mesh is used. This sizing has been found to produce 
lgranules which are most suitable for uniform volumetric 
feed. Alternatively, the materials may be dry mixed 
and formed into a free-flowing slip by addition of water. 
The slip is `then passed into a spray-drying tower where 
the desired agglcmerates are formed. 

In assembling the plug 1, the center electrode 1S is 
positioned within the centerbore 13 of the insulator 11 
and a measured amount of copper-glass seal is fed into 
the bore and rammed in place. Any loose powder is 
blown out of the insulator to prevent contamination of 
the intermediate resistor portion 27. The desired amount 
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of powdered semi-conductor composition is then placed 
in the bore and rammed, followed by a measured amount 
of powdered copper-glass seal material 29 which is like 
wise rammed to form the lower portion 29 of the upper 
conducting seal 25. A small quantity of copper-glass 
material is then loaded into the insulator followed by 
ramming to form the upper portion 31 of conducting seal 
25. A terminal screw 33 is then positioned within the 
bore and the whole assembly is heated to a temperature 
enabling reaction of the reducer with the metal oxides 
and glass softening, a temperature of about 16.20° to 
l650° F. being generally satisfactory. When the glass is 
sufficiently softened, pressure is applied to the terminal 
screw 33 to force it down into the bore, thereby com 
pressing the softened materials and causing the upper 
seal portion 31 of upper seal 25 to surround and grip the 
lower end of the screw. By hot-pressing in this manner, 
a continuous electrical path is formed through the plug 
from the terminal screw 33 to the center electrode 15, 
the portions intermediate the top of the electrode and the 
bottom of the screw being sealed in gas tight relationship 
with the wall of the insulator and the metal parts. The 
thus formed insulator assembly is then assembled in shell 
3 to form plug 1. 

In FIGURE 2 there is shown a resistor 41 embodying 
the resistor element of our invention. The resistor 41 
consists of an insulator sleeve 43 of either sintered alu 
mina or porcelain, as in the case of insulator 11, having 
a resistor section 45 comprising a lower conductive seal 
47, an intermediate resistor portion 51 and an upper con 
ducting seal 49, likewise as shown and described with 
reference to FIGURE 1. Secured within the ends of the 
glass seals 47 and 51 are a pair of metal terminals 53, 
each of which is connected to an ignition cable 55 in the 
ignition harness or other electrical circuit. The cables 55 
are secured within the terminals 53 in any suitable man 
ner well known in the art. The glass seals 47 and 49 
Aform a good electrical bond with the terminal 53 in a 
manner similar to that shown and described with refer 
ence to FIGURE 1. 
The method of manufacture of this resistor 41 is sub 

stantially the same as that described above for plug 1. 
One of the terminals 53 is inserted in the sleeve 43, the 
glass seal material is inserte-d, followed by the powdered 
resistance material and the second seal material. The 
other terminal 53 is then inserted and the assembly is 
heated to soften the glass, pressure being then applied to 
the terminals to cause them to seat in the glass as shown 
and to compress the conducting seals and the resistance 
portion 47, 51 and 49, respectively. 
As fully described above, we have provided binary 

metal oxide semiconductor glass seal resistor composi 
tions and spark plugs and resistors embodying same which 
comply ̀ with severe military requirements that the resist 
ance at room temperature and at 5000 volts be from 7500 
15,000 ohms and that at 45° F.i5° F. and 5000 volts 
the resistance be from 5000-17,500 ohms. It should be 
noted that the materials and compositions disclosed by 
applicants are such that they are not susceptible of precise 
description after tiring and hot pressing other than by 
reference to their treatment since they form inter-crystal 
line structures of a complex nature. While other embodi 
ments may be apparent to those skilled in the art, such 
embodiments are within the scope of our invention as set 
forth in the following claims. 
We claim: 
1. A composition of matter formed from a mixture 

consisting essentially of 5-40% barium-borate glass, 
35-90% sintered semiconductor material, 0-25% inert 
filler, 0-3% binder and 0.1-3% carbon as a reducing 
agent, said semiconductor material being selected from 
the binary metal oxide systems consisting of TiO2-ZrO2, 
Ta2O5-Th02, Ta2O5-Ce02 and Ta2O5-Di02 wherein the 
TiO2 and ZrO2 in said titania system are present 1n an 
amount of about 0.5 to 60% and 40 to 99.5% by welght, 
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6 
respectively, and the Ta205 and the other metal oxide in 
said tantala systems are present in an amount of about 5 
to 15% and 85 to 95% by weight, respectively, said ZrOZ 
being at least 99.7% by weight pure, said Di02 consisting 
essentially of about 45.5% by weight lanthanum oxide, 
about 38.0% by weight neodymium oxide, about 11.0% 
praseodymium oxide, about 4.0% samarium oxide and 
about 1.5% other rare earth oxides. 

2. A composition of matter as set forth in claim 1 
wherein the TiO2 and ZrO2 are present in an amount of 
about 10% and 90% by weight, respectively, and the 
Ta2O5 and the other metal oxides are present in an amount 
of about 10% and 90% by weight, respectively, said semi 
conductor material having been sintered at a temperature 
of from about 2300° F. to about 2950° F. 

3. A composition of matter formed from a mixture 
consisting essentially of 13-32% barium-borate glass, 
5777% TiO2-Zr02 semiconductor material which has 
been fired to sintering temperature, 7.5-11% inert filler, 
0.75-1.1% binder and 0.1-3% carbon, said TiO2 and 
ZrOi,Í being present, respectively, in an amount of about 
0.5 to 60% by weight and 40 to 99.5% by weight and 
said ZrO2 being at least 99.7% by weight pure. 

4. A composition as set forth in claim 3 wherein said 
TiO2 and ZrO2 are present, respectively, in an amount of 
about 10% and 90%, said semiconductor material having 
been sintered at a temperature of from about 2300° F. to 
about 2950° F. 

5. A composition of matter formed from a mixture 
consisting essentially of about 13.3% barium-borate 
glass, about 75.6% TiO2-Zr02 semiconductor material, 
8.8% inert filler, 0.9% binder and 1.4% carbon, said 
TiO2 and ZrO2 being present, respectively, in an amount 
of about 10% and 90% and said ZrOZ being at least 
99.7% by Weight pure, and said semiconductor material 
having been sintered at a temperature of from about 
2300° F. to about 2950° F. 

6. A composition of matter formed from a mixture 
consisting essentially of about 33% barium-borate glass, 
about 38% sintered semiconductor material Ta2O5-Ce02, 
about 25% inert ñller, about 3% binder and 2% carbon, 
said Ta2O5 in the semiconductor material being present 
in an amount of about 10%, said semiconductor mate 
rial having been sintered at a temperature of from about 
2300° F. to about 2950“ F. 

’7. A composition as set forth in claim 6 wherein said 
semiconductor material is Ta2O5-Th02. 

8. A composition as set forth in claim 6 wherein said 
semiconductor material is Ta2O5-Di02, said DiO‘2 consist 
ing essentially of about 45.5 % by weight lanthanum oxide 
about 38.0% by weight neodymium oxide, about 11.0% 
praseodymium oxide, about 4.0% vsa-marium oxide and 
about 1.5 % other rare earth oxides. 

9. A resistance ele-ment having stable electrical prop 
erties formed from ̀a composition consisting essentially of 
5-40% glass, 35-90% semiconductor material which has 
been tired to -sintering temperature, 025% inert ñller, 
0-3% binder and 0.1-3% reducing agent, said semicon 
ductor material being selected from the binary metal 
oxide systems consisting of TiO2-Zr02, Ta2O5-Th02, 
T'a2O5-Ce02 and Ta2O5-Di02 wherein the TiO2 and ZrOZ 
in said titania system are present in an amount of about 
0.5 to 60% and 40 to 99.5% by weight, respectively, and 
the Ta205 and the other metal oxide in said tantala systems 
are present in an amount of about 5 to 15% and 85 to 95% 
by weight, respectively, said ZrO2 being at least 99.7% by 
weight pure, said composition having lbeen heated to a 
temperature at which the reducing agent reacts to develop 
the desired sta-ble electrical properties, said DiO2 consist 
ing essentially of about 45.5% by weight lanthanum 
oxide, about 38.0% by weight neodymium oxide, about 
11.0% praseodymium oxide, about 4.0% samarium oxide 
and about 1.5% other rare earth oxides. 

10. A resistance element as set yforth in claim 9 wherein 
said glass is a barium-borate glass and wherein the Ti02 
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and ZrOZ are present in an amount of about 10% and 90% 
by Weight, respectively, and the Ta205 and the other metal 
oxides are present in an am-ount of about 10% .and 90% 
by Weight, respectively, said composition having been 
heated to a temperature of from about 1620° F. to about 
1650° F. . 

11. A ̀resistance element having stable electrical prop 
erties formed from a composition of matter consisting 
essentially of 13-32% «barium-borate glass, 5777% 
TiO2-ZrO2 semiconductor material which has been ñred to 
sintering temperature, 7.5-11% inert ñl'ler, 0.75-1.1% 
binder and 0.1-3% carbon, said TÍOZ and Z102 being pres 
ent, respectively in an amount of about 0.5 to 60% by 
Weight and 40 to 99.5% by Weight and said ZrOZ being at 
least 99.7% by Weight pure, said composition having been 
heated to a temperature at which the reducing agent reacts 
to develop the desired stable electrical properties. 

12. A resistance element having stable electrical prop 
crt-ies formed from a composition of matter consisting 
essentially of about 13.3% barium-berate glass, about 
75.6% TiO2-Z1‘O2 semiconductor material sintered at a 
temperature of from about 2300° F. to about 2950° F., 
8.8% inert filler, 0.9% binder .and 1.4% carbon, said TiO2 
and ZrO2 are present, respectively, in an amount of about 
10% and 90%, and sa-id ZrO2 being at least 99.7% by 
Weight pure, said composition having been heated to a 
temperature of from about 1620" F. to about 1650° F. 

13. A resistance element having stable electrical prop 
erties formed from a composition of matter on a Weight 
basis consisting of about 33% barium-borate glass, about 
38% semiconductor material Ta2O5-Ce02 sintered at a 
temperature of from about 2300° F. to about 2950° F., 
about 25% inert ñller, about 3% binder and 2% carbon, 
said Ta2O5 in the semiconductor material being present 
in an amount of about 10%, said composition havin-g been 
heated to a temperat-ure of from about 1620° F. to about 
1650° F., and cooled under pressure to form a dense 
compact body. p. 

14. A resistor comprising the combination of a tubular 
insulator sleeve, a metal conducting member positioned in 
said sleeve, a glass conducting seal overlying said member 
and having a `gas-tight bond with said sleeve, a semicon 
ductor overlying said seal and being bonded thereto and 
to said sleeve, a second »glass conducting seal overlying 
said semiconductor and being bonded thereto and to said 
sleeve, and a second metal conducting member in said 
sleeve having ygood electrical connection with said second 
seal, said semiconductor .being formed from a composition 
of matter consisting essentially of 13-32% barium-borate 
glass, 57-77% TiO2-Zr02 semiconductor material which 
has been tired to sintering temperature, 7.5-11% inert 
filler 0.75-1.1% binder .and 0.1-3% canbon, said TiO2 and 
ZrOz lbeing present, respectively, in an amount of about 
0.5 to 60% by Weight and 40 to 99.5% by Weight and said 
ZIOZ being at least 99.7% `by Weight pure, said composi 
tion :having .been heated Within said sleeve to a temperature 
at which the reducing agent reacts to develop the desired 
stable electrical properties. 

15. A resistor comprising the combination of a tubular 
insulator sleeve, a metal conducting member positioned 
in .said sleeve, a glass conducting seal overlying said mem 
ber and having a gas-tight -bond with said sleeve, a semi 
conductor overlying said seal and being .bonded thereto 
and to said sleeve, a second ̀ glass conducting seal overlying 
said semiconductor and being bonded thereto and to said 
sleeve, and a second metal conducting member -in said 
sleeve having a ̀ good electrical connection with said second 
seal, said semiconductor being formed from a composition 
consisting essentially of 5-40% glass, 35-90% semicon 
ductor material which has been ñred to .sinterinig tempera 
ture, 0-25% inert ñller, 0-3% binder and Oil-3% re 
ducing agent, said semiconductor material being selected 
from the binary metal oxide systems consisting of TiO2 
ZrO2, T a2O5-Th02, Ta2O5-Ce02 and Ta2O5-Di02 wherein 
the TiOz and ZrO2 in ‘said titania system are present in an 
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8 
amount of .about 0.5 to 60% and 40 to 99.5% by Weight, 
respectively, and the Ta205 and the other metal oxide in 
said tantala systems are present in an amount of about 5 
to 15% and 85 to 95% by weight, respectively, said ZrO2 
being at least 99.7% by Weight pure, said composition hav 
ing been heated Within said sleeve to a temperature at 
which the reducing agent reacts to develop the desired 
stable electrical properties, :said DiO2 consisting essentially 
of about 45.5 % by Weight lanthanum oxide, about 38.0% 
by Weight neodymium oxide, about 11.0% praseodymium 
oxide, about 4.0% samarium oxide and about 1.5% other 
rare earth oxides. 

16. A device comprising the combination of a tubular 
insulator, a metal conducting member positioned in said 
insulator, a semiconductor overlying said member in 
good electrical connection therewith and being bonded 
to said insulator, and a second metal conducting member 
in said insulator having good electrical connection with 
said semiconductor, said semiconductor being formed 
from a composition consisting essentially of from 35 
90% binary metal oxide semiconductor material Which 
has been tired to sintering temperature and is in admixture 
with 5-40% glass and 0.143% reducing agent, said semi 
conductor material being selected from the binary metal 
oxide systems consisting of TiO2-ZrO2, Ta2O5-Th02, 
Ta2O5-Ce02 and T a2O5-DiO2 wherein the TiO2 and Zr02 
in said titania system are present in an amount of about 
0.5 to 60% and 40 to 99.5% by Weight, respectively, 
and the Ta205 and the other metal oxide in said tantala 
systems are present in an amount of about 5 to 15% and 
85 to 95% by weight, respectively, said ZrO2 being at 
least 99.7% by weight pure, said composition having 
been heated Within said insulator to a temperature at 
which the reducing agent reacts to develop the desired 
stable electrical properties, said DiO2 consisting essen 
tially of about 45.5% by Weight lanthanum oxide, about 
38.0% by Weight neodymium oxide, about 11.0% pra 
seodymium oxide, about 4.0% samarium oxide and about 
1.5 % other rare earth oxides. 

17. A device comprising the combination of a spark 
plug insulator having a centerbore formed therein, a 
center electrode member positioned in said insulator, a 
glass conducting seal overlying said member and having 
a gas-tight bond with said insulator, a semiconductor over 
lying said seal and being bonded thereto and to said 
insulator, a second conducting seal overlying said semi 
conductor and being bonded thereto and to said insulator, 
and a terminal screw in said insulator having good elec 
trical connection with said second seal, said semicon 
ductor being formed from a composition of matter con 
sisting essentially of about 13.3% barimum-borate glass, 
about '75.6% TiO2-Zr02 semiconductor material which 
has been fired to sintering temperature, 8.8% inert ñller, 
0.9% binder and 1.4% carbon, said TiO2 and ZrO2 are 
prese-nt, respectively, in an amount of about 10% and 
90%, and said ZrOZ being at least 99.7% by Weight pure, 
said composition having been heated Within said insulator 
to a temperature at which the reducing agent reacts to 
develop the desired stable electrical properties. 

18. A device comprising the combination of a spark 
plug insulator having a centerbore formed therein, a 
center electrode member positioned in said insulator, a 
glass conducting seal overlying said member and having 
a gas-tight bond with said insulator, a semiconductor 
overlying said seal and being bonded thereto and to said 
insulator, a second conducting seal overlying said semi 
conductor and being bonded thereto and to said insulator, 
and a terminal screw in said insulator having good elec 
trical connection with said second seal, said semicon 
ductor being formed from a composition of matter con 
sisting of about 33% barium-borate glass, about 38% 
semiconductor material Ta2O5-Ce02 sin-tered at a tem 
perature of from about 2300" F. to about 2950° F., about 
25% inert ñller, about 3% binder and 2% carbon, said 
Ta205 in the semiconductor material being Present in an 
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amount of about 10% said composition having been 
heated to a temperature of from about 1620° F. to about 
1650° F. 

19. A device as set forth in claim 18 wherein said 
semiconductor material is Ta2O5-Di02, said DiOz consist 
ing essentially of about 45.5% by Weight lanthanum ox 
ide, about 38.0% by Weight neodymium oxide, about 
11.0% praseodymium oxide, about 4.0% samarium oxide 
and about 1.5% other rare earth oxides. 

2,417,461 
2,459,282 
2,669,764 
2,864,773 
2,864,884 
2,962,452 
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