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This invention has to do with electrodes for 
Spark plugs such as are used in internal combus 
tion engines. 
Such electrodes are usually made of nickel base 

5 alloys, chromium Sometimes being added to in 
crease the resistance to corrosion. While nickel 
is desirable for this use, it possesses the disad 
Wantage that at the high operating temperatures 
and in the Sulphurous atmosphere of the combus 

l0 tion chamber it deteriorates by intercrystalline 
corrosion with resultant decrease in tensile 
Strength and shortening of the life of the plug. 
The effect of the decrease in tensile strength is 
particularly bad when the alloy is used in spark 

15 plugs of the type described and claimed in the 
prior application of Hector Rabezzana, Serial 
Number 324,511, fled December 7, 1928. In this 
type of plug, the insulation consists of apertured 
nica, disCS encircling the center wire, and com 

20 pressed and clamped to it. With the nickel base 
electrodes after a period of use in the engine, the 
tensile strength of the wire is so reduced that the 
Wire will lengthen under pressure of the com 
pressed mica discs allowing electrically conducting 
liquids and particles to penetrate between them, 
resulting in short-circuiting of the plug. In ex 
treme cases the heads or sparking tips of the cen 
ter electrodes fall off while the plugs are in use, 
thus destroying then. 

30 To avoid this difficulty it was proposed to use 

2 5 

for the center wires stainless steel, that is, steel. 
containing a percentage of chromium to resist, 
corrosion. It Was found in practice that stainless 
Steel center Wires have the desired increased ten 
Sile Strength although the result of exposure to 3 5 
the Sulphurous gases of the combustion chamber is 
to reduce the original tensile strength by a con 
siderable amount-more than one-third in cer 
tain cases. The stainless steel electrodes also cor 

40 rode and scale on the surface exposed to the com 
bustion gases of the motor, this resulting in rapid 
Wearing away of the electrodes and short life for 
the plugs. Another bad result was that the cor 
roded terminals required higher sparking voltages, 

45 this causing the plugs to fail at times for lack of 
- Sufficient applied voltage to produce the spark 

discharge. 
In studying this problem it became apparent 

that the corrosion is due principally to the pres 
50 ence of Sulphur and its compounds in the combus 

tion gases and it occured to me to alloy with steel 
Some form of Sulphur, such as a sulphide, which 
would at One and the same time render the steel 
(or iron) resistant to corrosion and because of 

55 "mass action,' as known in physical chemistry, 

render the metal less susceptible to attack by the 
Sulphur of the combustion gases. To be Suitable 
for this purpose the sulphide must exist in the 
steel in the form of stable inclusions. I have 
found that the sulphides of the following elements 60 
possess this property: zirconium, titanium, Cerium, 
thorium. As the above elements form no recog 
nized chemical group I have given them the group 
name of 'stable Sulphides.' Of this group I have 
found zirconium sulphide particularly suitable for 65 
the purpose. I have made up center wires of steel 
to which has been added a proportion of zir 
conium Sulphide. The steel employed is prefer 
ably in the form of one of the Well known alloyS 
known as stainless steel. Experiments with plugs 70 
in which the center wires have been made of this 
material indicates that they possess the required 
tensile strength, that this strength is not mate 
rially reduced in Service, and that they resist cor 
rosion to a high degree. The only disadvantage 75 
these alloys possess for this use is the fact that the 
Sparking voltage is rather high but this may be 
overcome by the addition of a Small amount of 
barium as described and claimed in the prior ap 
plication of Ora S. Duffendack and Hector 80 
Rabezzana, S. N. 302,904, filed August 30, 1928. 
On the drawing I have illustrated one type of 

Spark plug in which my invention is embodied. 
This plug is described and claimed in the prior 
Rabezzana application above referred to. The 85 
center electrode 15 is surrounded by a “cigarette' 
of mica, and upon it are assembled the metal 
Collar 10 and the mica disks 6 and 8. The 
parts described are compressed axially against the 
head 17 of the center electrode and are held in 90 
place by nut 20 which is permanently locked 
in position by distortion of the metal of the nut 
and of the threads on the wire by means of a 
Welding operation. The other details of the plug 
need not be described as they have no bearing 95 
On the present invention. 
With the described arrangement it is apparent 

that the mica discs are held under compression 
between the enlarged head or sparking point 17 
and the anchored nut 20. The electrode is thus 100 
placed under tensile stress. 
According to the preferred embodiment of my 

invention, the electrode 15 is made of a stainless 
Steel alloy to which zirconium sulphide has been 
added to provide resistance to corrosion and the 105 
requisite tensile strength over long periods of use 
in the corrosive atmosphere of the combustion 
chamber. To offset the increase in sparking volt 
age I may also add to the alloy a small percent 
age of barium. For purposes of illustration Ill0 
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2 
have given below the analysis of one steel from 
which I have made spark plug electrodes in ac 
COrdance with this invention: 

s - Percent 

Carbon -------------------------------- .10 
Chromium----------------------- ------- 14.0 
Zirconium Sulphide---------------------- 0.4 
Manganese ----------------------------- 0.1 
To this steel may be added approximately .4% 
of barium to reduce the Sparking voltage. 

It will be understood that the proportions of 
ingredients in the formula may be varied consid 
erably without losing the benefits set forth in this 
application or departing from the spirit of the 
invention. The barium content particularly may 
be varied Over a considerable range in accord 
ance with the sparking voltage which it is desired 
to maintain across the electrodes of the plug. 

Examination of the alloys herein described in 
dicates that the sulphides mentioned do not form 
alloys with the Steel but are present in the form 
of foreign inclusions or conglomerates. The sul 
phides occur at the grain boundaries and increase 
the concentration of Sulphur at these points. In 
addition to the Sulphides thus introduced there 
is also a proportion of stable manganese and iron 
Sulphides formed in the steel and retained as such 
in the final product. With the base metal, in 
this case the steel or the stainless steel alloy, thus 
“satisfied' with sulphur, the electrodes do not 
have a tendency to absorb sulphur from the hot 
sulphurous gases of the motor, which absorption 
Would result in intercrystalline corrosion. The 
life of the electrode is thereby greatly increased. 
While electrodes of the composition herein set 

forth are particularly useful in the type of spark 
plug herein described in which the electrode is 
under tensile stress, it is apparent that they are 
also very desirable in plugs of any design, and 
for side as well as for center electrodes, particu 
larly because of their high resistance to corrosion, 
and low cost. 

For the COnvenience of the public a legend has 

1,940,814 
been placed on the drawing stating the preferred 
composition of the electrode, but it is to be under 
stood that the scope of the invention is not lim 
ited to that composition, nor otherwise than as 
Set forth in the claims. 

I claim: 
1. A spark, plug electrode made of stainless 

steel containing chromium and a stable Sulphide. 
2. A spark plug electrode made of steel Con 

taining chromium and zirconium sulphide. 
3. A spark plug electrode made of stainless 

steel containing chromium, manganese and zir 
conium Sulphide. 

4. A spark plug electrode made of Stainless 
steel containing chromium, manganese and Zir 
conium sulphide, and barium. 

5. A center electrode for spark plugs of the 
type in which said electrode is employed as a 
tension member to secure the insulator parts in 
assembled relation, made of stainless steel con 
taining chromium, manganese and zirconium sul 
phide. 

6. A center electrode for spark plugs of the 
type in which said electrode is employed as a 
tension member to secure the insulator parts in 
assembled relation, made of stainless steel Con 
taining chromium, manganese and zirconium Sull 
phide and a material for reducing the sparking 
Voltage. x 

7. A center electrode for Spark plugs of the type 
in which said electrode is employed as a tension 
member to Secure the insulator parts in assemi 
bled relation, made of steel of approximately the 
following analysis: carbon .10%, chromium 

100 

105 

14.0%, Zirconium Sulphide .4% manganese .1%. 
8. A center electrode for spark plugs of the 

type in which said electrode is employed as a 
tension member to secure the insulator parts in 
assembled relation, made of steel of approxi 
mately the following analysis: 
chronium 14.0%, Zirconium Sulphide .4%, man 
ganese .1% and barium up to approximately 4%. 

TAINE G. McDOUGAL. 

carbon .10%, 115 


