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The invention relates to spark plugs, more par 
ticularly to the method of sealing center elec 
trodes of spark plugs into a central bore in the 
Spark plug insulator. 
The problem of providing a seal between a cen 

ter electrode having electrically conducting prop 
erties, usually being made of metal, and an in 
sulating body with an aperture or bore through 
which the center electrode extends either only in 
part or completely through, has given rise to much 
experimentation and has resulted in a wide variety 
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of sealing methods developed in the art. In some 
methods, the Sealing portion is conductive and be 
comes a part of the center electrode, while in others 
a metal center electrode extends completely. 
through an aperture in the insulator core. In the 
first method a seal to be successful must have rela 
tively low resistance and constituted so that the 
eXpansion characteristic under temperature 
change substantially matches that of the insula 
tor whereby the sealing material remains under 
Substantially constant pressure. In the second 
method, the metal of the center wire usually has 
a much greater coefficient of expansion than the 
insulator. in which it is positioned so that a vari 
able space between the two members results, 
which must be closed to provide a seal. The seal 
ing material must have such characteristics to 
compensate for the changes in volume of the 
Varying Space at the different temperatures with 
in the operating range. 

Glass containing a conductor either as graph 
ite or powdered metal has been used for the pur 
pose of sealing according to the first method. 
Powdered metal alone has also been used for this 
purpose, a metal being selected which has a tem 
perature coefficient of the proper value to match 
the coefficient of the insulator. However pow 
dered mctal alone is not entirely successful be 
cause only metals which are very expensive ap 
pear to have the right properties to match the 
l'Opeltics of the insulator body. Glass with in 

terspersed metal requires a high temperature to 
fuse the seal in position. - 
The present invention provides a novel method 

of Sealing Spak plug electrodes in position which 
allow's accurate control of the coefficient of ex 
pansion of the sealing material so that practically 
perfect matching may be obtained. The sealing 
natelial comprises a mixture of two entirely dis 
Similar materials having relatively widely sepa 
rated coefficients of expansions falling within the 
range of the spatial expansion at the sealing posi 
tion. These materials are then comminuted to a de 
- a fed fineness and mixed together in a proportion 
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which will give a coefficient of expansion falling 
between the separate coefficients of expansion of 
the two materials forming the Sealing mixture. 
Knowing the coefficient of spatial expansion of 
the insulator, a mixture can be selected which 
will match this with reasonable accuracy so that 
a Substantially perfect seal will result, even 
though the temperature may vary within wide 
limits. 
Another aspect of the invention relates to the 

use of a cement, such as a sodium silicate, cement, 
Or a sodium silicate cement containing sodium 
silica-fluoride in combination with a metal pow 
der or a conducting powder dispersed through the 
body of the cement. This cement is then used 
alone or in combination with a powdered con 
ducting mixture as described above to form the 
seal. It has been discovered that if the pow 
dered mixture is compacted into position above 
the cement while the cement is still wet that a 
better seal is obtained which under tests shows 
itself to be substantially immune to gas leakage 
to form a Substantially perfect seal. When COm 
bined with the conducting powder mixture com 
pacted in position either cement alone or ce. 
ment with interspersed conducting material may 
be used. It is however preferable to use cement; 
alone when combined with the compacted con 
ducting powder. 

It is therefore a principal object of this inven 
tion to provide a method of sealing center elec 
trodes in Spark plug insulators by the use of a 
powdered mixture of two or more materials hav 
ing dissimilar coefficients of expansion. 

It is a further object of this invention to pro 
vide a method of sealling º center electrodes in 
spark plug insulators which comprises compact 
ing a mixture Of two powdered materials having 
relatively widely separated coefficients of expan 
sion into sealing relation, so that the sealing mix 
ture compacted in position may have a coefficient 
of expanison varying from the extremes by con 
trolling the percentages of materials mixed to 
gether. 

It is a further object of this invention to pro 
vide a method of sealing center electrodes in 
Spark plug insulators which comprises a mixture 
of two powdered materials having relatively wide 
ly Separated coefficients of expansion, one of 
which is preferably of metal, so that a compacted 
sealing mixture can be provided to substantially 
match the coefficient of expansion of the insu 
lator to seal the aperture in the insulator with 
the compacted sealing mixture, the compacted 
mixture forming a part of the center electrode 
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vided with a series of vertical serrations 25 to fit 
a Special wrench whereby torque may be applied 
to the member to screw it into the base member 
during assembly of the plug. 
The invention relating to the methods and 

means for sealing the insulator in the shell is de 
scribed and claimed in a copending application 
Serial No. 482.688, filed April 12, 1943, being as 
signed to the same assignee. .??? 
The insulator f3 is provided with a central bore 

26 having an internal shoulder 27 adjacent but 
preferably slightly above the external shoulder 4 
to give greater strength to the insulating body. 
An electrode member 28 is provided to fit into 
the bore, having a shoulder 29 to cooperate with 
the internal shoulder 27 of the insulator to hold 
the electrode in position. The lower end of the 
electrode member 28, extends beyond the taper 
ing lower end of the insulator and may be pro 
vided with a corrosion resistant tip 30a such as 
tungsten or the like which may be conveniently 
welded in position. 
The tip 30 cooperates with a fixed electrode 

which may be in the form of a ring having Sev 
eral inwardly projecting prongs 32 having Surfaces 
parallel to the outer surface of the tip 39a to 
form spark gaps over which the firing occurs dur 
ing the use of the plug in an engine. The fixed 
electrode is preferably brazed or hard soldered 
in position on a shoulder 33 in the lower inner 
end of the shell 0 as is well known in the art. 
Usually a corrosion resistant material is used for 
this electrode to give long life. - . 
The electrode member 28 is preferably made 

of material having a coefficient of expansion sub 
stantially matching that of the insulator, and is 
loosely fitted into the bore 26 of the insulator. 
Before being dropped into position the electrode 
28 is preferably covered with a cement 34 which 
when the electrode is in final pOsition Will be 
positioned between the electrode and the bore 
as shown in Fig. 1. The cement used for this 
purpose may have either a sodium silicate base 
which sets by evaporation of its Water content, or 
a sodium. silicate combined with Sodium silica 
fluoride which sets by a chemical reaction. The 
latter type is preferable as it becomes a densel 
body after 'setting.' The tip or tapering portion 
of the insulator may be cleared of cement for a 
short distance 35 as shown, this is preferably ac 
complished by washing the cement out of the in 
sulator bore by means of dipping into water. 
Although the cement positioned between the 

central electrode 28 and the bore 26 gives a par 
tial seal, there is not sufficient cement present to 
give a seal having permanent holding and Sealing 
qualities. A further agency is provided for the 
purpose of making a seal which will be certain and 
which will have durability. The cement body 
however does provide a heat conductor between 
the center electrode and the insulator body which 

10 

15° 

3 
body 36 with that of the insulator body a novel 
material was discovered which could be controlled 
in this respect. To attain this end two materials, 
although more than two may be used, having 
relatively widely separated coefficients of expan 
sion were mixed together in various proportions 
tO match the COefficients Of expansion of the var 
ious types of insulators. To give the resulting 
mixture conducting properties, one of the two 
constituent materials must necessarily be a good 
conductor of electricity, and the resistance of the 
resulting mixtures must be such as to be within 
reasonable limits. .? s . 
Three substances have been found particularly 

suitable for this purpose, talc being the common 
constituent, combined with either graphite or 
powdered copper to give a body with a resistal 
value suitable for use in spark plugs and hav 
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allows escape of heat being conducted from the 
inner end of the center electrode to the body of 
the plug and so prevent damage to the upper por 
tion of the plug. 
To assure absolute certainty in the sealing of 

the bore of the insulator a second sealing body 36 
is positioned in the bore above the upper end of 
the electrode 28, the sealing body being given con 
ducting properties so that it may become a por 
tion of the central electrode positioned in the bore 
26 of the insulator to carry electric currents to 
the inner sparking end of the plug. Inasmuch 
as it is preferable to match with reasonable a C 
curacy the coefficient of expansion of the Sealing 
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ing a coefficient of expansion substantially match 
ing that of the insulator to be used in the plug. 
A mixture of talc and graphite may have a co 

efficient of expansion varying from 3.x10 the 
coefficient of expansion of graphite to 4.X10, 

The resist 
ance value of the mixture must be taken into con 
sideration in selecting the percentages of graphite 
and talc to be mixed together. The resistance of 
a mixture of graphite and talc has relatively uni 
form rising characteristic until the percentage of 
talc approaches approximately 96% by weight 
when the resistance value rises quickly to prohibi 
tive values. A mixture, for example of 95% talc 
and 5% graphite by weight could therefore be 
used with good results in insulators having a co 
efficient of expansion of 4.X10 such as for ex 
ample mullite or zircon insulators. 
A mixture of talc and graphite would not be 

suitable for insulators of alumina or magnesia. 
which have coefficient of expansion of 7.5X10 
and 8.5x10-6 respectively. However a mixture 
of talc and powdered copper.has been found Suc 
cessful where the "coefficient of expansion of a 
mixture can be varied from 16.6 x 10 which is 
the coefficient of expansion of powdered copper 
to 4.x10-6 the coefficient of expansion of talc. 
The resistance value of the mixture must again 
be taken into consideration, the resistance Vaiues 
having a slowly rising characteristic and become 
prohibitive when the percentage of talc ap 
proaches 55% or over by weight. A mixtute of 
50% each of talc and powdered copper by weight 
is one suitable for use with either an alumina or 
magnesia insulatÕr. 
The sealing body 36 may comprise the above 

mentioned mixture, and is then compacted in po 
sition in the bore 26 in any convenient manner 
either while the cement body 34 is wet or dry. 
It has been discovered that if the sealing body 
is compacted into the bore 26 while the cement 
body is still wet, a better seal is obtained which 
is substantially free of gas leakage. The reason 
for this is not known but this procedure results 
in substantially leak-proof seals for the center 
electrode, and is therefore preferred. 
To make electrical contact with the Sealing 

body 36 a small disc of metal foil 3 is firmly 
pressed upon its upper surface, and a coil Spring 
38 or its equivalent is positioned above in slight 
ly contracted condition being held by a contact 
button 39. The contact button 39 may either be 
threaded into the bore 26 and cemented in posi 
tion or fused therein by means of a (1100 Fahr.) 
glass frit 39a having a low melting point. The 
upper surface 40 is adapted to make contact with 
a cable insert (not shown) which enters the 
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gland member and being attached thereto by 
cooperating with external threads 4. The elec 
tric current enters the plug through the agency of 
the cable in contact with button 39. It then flows 
through spring 38, the metal foil 37, the sealing 
body 36, and the metal center electrode portion 
28 to the spark gap where the discharge Occurs. 
In Fig. 3, the invention is shown as applied to 

a conventional type automobile spark plug where 
the same reference numerals have been applied 
to corresponding parts. 
In Fig. 4, another modification of the invention 

is shown wherein the powder pack mixture is re 
placed by a cement body 42 interspersed with a 
conducting substance such as graphite or pow 
dered copper. The cement is either a sodium 
silicate which “sets' by evaporation of water or 
sodium silicate containing sodium silica-fluoride, 
which "sets" by a chemical reaction. To these 
cements are added approximately 10% by weight 
of either graphite or copper. The electrode is 
covered with this mixture and dropped into po 
sition in the central bore 43 of an insulator 42 
of a conventional type automobile spark plug. A 
binding post 44 is then screwed in position while 
the cement is still wet. A point. 45 may be pro 
vided on its lower end so that the post may be 
Screwed into position and a good electrical con 
tact assured. The cement adjacent, the lower tip 
of the insulator 46 may again be removed by 
dipping it into water to the desired depth. The 
body of cement containing the conductive mate 
rial forms the center wire seals and also forms a 
part of the center electrode which conducts elec 
trical charges from the binding post to the spark 
gap at the inner end of the plug. 

It is to be understood that the above detailed 
description of the present invention is intended 
to disclose an embodiment thereof to those skilled 
in the art, but that the invention is not to be con 
strued as limited in its application to the details 
of construction and arrangement of parts illus 
trated in the accompanying drawing, since the 
invention is capable of being practiced and car 
ried out in various ways without departing from 
the Spirit of the invention. The language used 
in the Specification relating to the operation and 
function of the elements of the invention is em 
ployed for purposes of description and not of 
limitation, and it is not intended to limit the 
Scope of the following claims beyond the require 
ments of the prior art. 
What is claimed: 
1. A Spark plug comprising a hollow ceramic 

insulator and a sectional electrode positioned in 
the insulator, a portion of said sectional elec 
trode comprising a sealing body in said hollow in 
Sulator consisting of a compacted body of a mix 
ture of powdered insulating material and a con 
ducting material interspersed therein. 

2. A Spark plug comprising a ceramic insula 
tor having a central longitudinal bore, a sectional 
electrode positioned in the bore of the insulator, 
a central portion of the electrode holding a lower 
portion in position in the bore of the insulator, 
sealing the bore, said central portion comprising 
a compacted mixture, of powdered insulating ma 
trial and powdered conducting material posi 
tioned in the bore to form a seal, being adapted 
to conduct electric discharges to the lower por 
tion of the electrode. 

3. In insulators for spark plugs having a sec 
tional central electrode, a section thereof com 
prising a compacted mixture of comminuted 
metal and a non-conducting compactible powder, 
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Said section being climpacted in a bore of the in 
sulator to form a seal therefor. 

4. In a Spark plug, the combination of a ce 
ramic insulator having a shouldered central bore, 
a sectional electrode positioned in the bore com 
prising at least one metal portion positioned be 
low the shoulder and adapted to project beyond 
the inner end of the insulator, and a second con 
ducting portion positioned above the metal por 
tion compacted in position in the bore of the in 
Sulator against the shoulder consisting of a mix 
ture of Comminuted metal and a compactible 
non-conducting material, said second conducting 
portion holding the first portion in position and 
forming a close conducting relation therewith, 
and sealing the bore of the insulator against gas 
leakage. 

5. In a Spark plug, the combination of an in 
sulator having a shouldered bore, a sectional 
electrode positioned in the bore, comprising a 
pair of metal portions positioned at the ends of 
the bore connected by a compacted conducting 
portion consisting of a mixture of comminuted 
metal and a compactible non-conducting pow 
der, said compacted portion of the electrode be 
ing positioned in the bore above the shoulder to 
seal the bore against gas leakage and to hold 
one metal portion in position in the bore against 
the shoulder. 

6. In a spark plug, the combination of a ce 
ramic insulator having a central bore, a section 
all electrode positioned in the bore comprising at 
least One metal portion, a second portion of the 
electrode adapted to seal the bore consisting of a 
cement with Conducting particles interspersed 
through the body of the cement in conducting 
relation with the metal portion whereby an elec 
tric current may be conducted through the sec 
tional electrode. 

7. In a spark plug, the combination of a ce 
ramic insulator having a shouldered central bore, 
a metallic electrode portion having a shoulder 
cooperating with the shoulder in the central bore 
of the insulator, a cement body having a con 
ducting powder interspersed in its body posi 
tioned above the metallic electrode portion and 
stopping the bore of the insulator to hold the 
electrode portion in position in the bore and to 
Seal the bore, said cement body forming a part 
of a sectional electrode positioned in the bore, 
whereby electric currents may be conducted 
through the cement body by the conducting pow 
der interspersed therein to the metallic electrode 
portion. 

8. In a spark plug, the combination of a ce 
ramic insulator having a shouldered central bore, 
a Sectional electrode positioned in the bore, com 
prising at least one metal portion having a shoul 
der cooperating with the shoulder in the central 
bore, a body of cement between the metal por 
tion and the bore, and a sealing conducting mix 
ture of at least two powdered materials having 
relatively widely separated coefficients of expan 
Sion compacted in the bore over the terminus of 
the metal portion of the electrode to hold the 
metal portion against the shoulder of the insu 
lator and to have electrical contact therewith to 
form the sectional electrode. 

9. In a Spark plug, the combination of a ce 
ramic insulator having a shouldered central bore, 
a Sectional electrode positioned in the bore com 
prising at least one metal, portion adjacent the 
firing end of the insulator having a shoulder co 
operating with the shoulder in the central bore, 
a body of cement adjacent the shoulder posi 
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tioned between the metal portion and the bore 
to form a seal and a highly conductive heat path 
between the metal portion and the insulator, and 
a Sealing body in the bore comprising a mixture 
of a compactible non-conducting powder and a 
Conducting powder compacted together to seal 
the bore in the insulator and in conducting rela 
tion with the metal portion to form a part of 
the sectional electrode. 

10. The combination set forth in claim 9 fur 
ther characterized by an intimate relation be 
tween the cement body and the compacted body, 
wherein the compacted body is placed in posi 
tion While the cement is still Wet. 

11. In a spark plug, the combination of a ce 
ramic insulator having properties similar to mu 
lite or zircon, a shouldered central bore in the 
insulator extending longitudinally thereof, a sec 
tional electrode positioned in the bore compris 
ing, at least One metal portion adjacent the fir 
ing end of the insulator having a shoulder co 
operating with the shoulder in the bore of the 
insulator, a compacted body of a mixture of 
graphite and powdered talc positioned in the 
bore to form a sealing body and to hold the metal 
portion of the electrode against the shoulder in 
the bore, said compacted body comprising from 
20 to 96 per cent by weight of powdered talc and 
the balance graphite, 

12. In a spark plug, the combination of an 
insulator having properties similar to that of 
corundum or magnesia, a shouldered bore in the 
insulator extending longitudinally thereof, a sec 
tional electrode positioned in the bore compris 
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55 per cent by weight of powdered talc and the 
balance powdered copper. 

13. In a spark plug, the combination of a ce 
ramic insulator having properties similar to mu 
lite or zircon, a shouldered central bore extend 
ing longitudinally of the insulator, a sectional 
electrode positioned in the bore comprising, at 
least one metal portion positioned in part below 
the shoulder and adapted to project beyond the 
end of the insulator, a second conducting por 
tion of the sectional electrode positioned above 
the metal portion compacted in position in the 
bore of the insulator against the shoulder there 
of consisting of a mixture of graphite and a com 
pactable non-conducting powdered material, said 
second conducting portion holding the first metal 
portion in position in the bore of the insulator 
and forming a conducting relation therewith and 
sealing the bore of the insulator against gas leak 
age and having an expansion coefficient between 
3.2X10-6 to 40x10-6. 

14. In a spark plug, the combination of a ce 
ramic insulator having properties similar to co 
rundum and magnesia, a shouldered central bore 
extending longitudinally of the insulator, a sec 
tional electrode positioned in the bore compris 
ing, at least one metal portion positioned in part 
below the shoulder and adapted to project beyond 
the end of the insulator, a second Conducting 
portion of the sectional electrode positioned 
above the metal portion compacted in position . 
in the bore of the insulator against the shoulder 

ing, at least One metal portion adjacent the firing, 35 
end of the insulator having a shoulder cooperat 
ing with the shoulder in the bore of the insu 
lator, an intermediate compacted body of pow 
dered copper and powdered talc to hold the metal 
portion of the electrode against the shoulder in 
the bore and to seal the bore against leakage, 
said Compacted mixture comprising from 20 to 

4) 

thereof, consisting of a mixture of powdered 
metal and a compactable non-conducting pow 
dered material, said second conducting portion 
holding the first metal portion in position in the 
bore of the insulator and forming a conducting 
relation therewith and sealing the bore of the 
insulator against gas leakage and having an 
expansion coefficient between 9.6x10 to 
14,05X 10-6, 
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