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The present invention relates to a process of making 
a ceramic element usable in surface-gap igniters and 
product thereof. Such devices as herein disclosed are 
particularly useful in igniting fuel and air mixtures in 
internal combustion engines and particularly in jet engines 
of the type used in aircraft. Various phases of the in 
vention have, however, much wider utility, for example, 
in spark-producing devices in general. 

Spark plugs or igniters of the common type used on 
internal combustion engines have a pair of electrodes 
separated by an air gap in which the spark is produced. 
Such igniters commonly include a member of insulating 
material which is disposed between the electrodes and 
has a sunface adjacent to the air gap. When in use, 
such igniters are at times subject to a condition com 
monly termed “fouling,” characterized by the formation 
of a deposit, usually carbonaceous in character, on the 
insulator surface. The carbon ‘deposit provides a more 
or less electrically conductive path in parallel with the 
spark gap and weakens the spark, or may, if su?‘iciently 
conductive, prevent the formation of a spark. 

It has also been proposed to provide an igniter of the 
so-called “surface gap” type. In such igniters, the elec 
trodes are separated by a semi-conductive member, 
rather than a member of insulating material. Portions 
of the surface of this member, including particularly the 
metal-to-semi-conductor contact area, are believed to be 
heated by the electric current when a discharge is initiated 
between the electrodes, and are thereupon believed to 
give off electrons which aid in breaking down the gap, 
so that the main discharge follows as a spark between 
the electrodes and just above the conductive surface. 
Surface Igap igniters have the advantage of a lower voltage 
requirement for a given spark energy. Furthermore, the 
heating of the conductive surface during the discharge 
tends to burn off any fouling deposit. However, in 
igniters of this type constructed in accordance with the 
teachings of the prior art, the energy dissipated in the 
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spark may vary considerably under fouling conditions, " 
as the energy dissipated in the fouling deposit varies 
with its thickness and composition. 

In internal combustion engines ignition takes place 
following a compression stroke in a chamber having a 
high temperature, a high pressure, and a reasonably uni‘ 
form mixture of fuel and air. Under such conditions, 
successful ignition of the mixtures is comparatively easy. 
As long as some kind of spark occurs, the fuel mixture 
will ignite. 

In jet engines, however, the conditions are quite dif 
ferent and the problem of producing satisfactory igni 
tion of the fuel is considerably more complicated. The 
pressure may vary widely, for example, between about 
3 inches of mercury (absolute) and 250 pounds per 
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igniter, and there is a wide variation in the fuel-air ratio 
of the mixture presented for ignition. 

Because of these considerations, it is desirable in such 
engines to provide ignition apparatus which will produce 
sparks of uniformly high energy. 

In addition to the low temperature requirements during 
starting conditions, an igniter for a jet engine must be 
able to withstand very high temperatures, for example, 
of the order of 1800°-2000° F., during operation of the 
engine. 
The term “semi-conductive materials” as used in this 

application is a well recognized generic term for a large 
‘group of materials which are neither good electrical con 
ductors nor good electrical insulators. These materials 
commonly have a negative temperature coe?icient of 
electrical resistance. In other words, their resistance 
decreases as their temperature increases. This charac 
teristic is just the opposite of the corresponding charac 
teristic of electrical conductors, the resistance of which 
commonly increases as their temperature increases. 

In a surface gap type of igniter, the energy dissipated 
in the spark, as contrasted to the energy dissipated in 
the conducting surface, is believed to be determined to a 
great extent by the emission of electrons from the sur 
face. The greater the quantity of electrons emitted, the 
quicker the gap through the air breaks down, and the 
greater the quantity of energy dissipated in the gap rather 
than in the conducting surface. 
The present invention is particularly intended to pro 

vide a surfaceagap type igniter wherein the surface will 
be semi-conductive or partially conductive and particu 
larly wherein the conductivity of this surface portion 
will be increased sufficiently with respect to that of prior 
art devices of this general nature as to permit the initia 
tion of a spark or discharge at a lower breakdown volt 
age than has been possible with prior art devices. 
The ceramic element made according to the teachings 

of a copending application which is owned in common 
with the present application may be used as a starting 
material or starting point for the process of the present 
invention. This copending application is Serial No. 
603,971, ?led August 14, 1956, and entitled “impregnated 
Semi-Conductive Ceramic Body, Process of Making it 
and Irgniter Including Such Body,” now Patent No. 2, 
861,014, issued November 18, 1958. Alternately, the 
partially formed ceramic element prepared in accord 
ance with the ?rst portion only of the teachings of said 
copending application may be used as the starting point 
or starting material for the present process. In any 
event, the present process has as its general purpose to 
provide a way to decrease the resistance and more or less 
correspondingly to lower the breakdown voltage for 
starting a discharge across a given area or space along a 
treated surface of a ceramic body. In this connection, 
the ceramic body of the present invention may be in 
corporated in an igniter device as disclosed, for example, 
in the copending application aforesaid and may be ener 
gized, for example, by a system as disclosed in the US. 
Patent to John V. McNulty, No. 2,716,720, issued 
August 30, 1955. 
Summarizing the present invention, it comprises a 

process of preparing a ceramic element usable in surface 
gap igniters and the like starting with a ceramic body 
which has at least a part of its surface which is “semi 
conductive” as that term is de?ned hereinabo-ve and which 
is rendered more conductive by the process of the pres 
ent invention. Furthermore, the starting body according 
to the present invention must contain copper in an oxide 
form as hereinafter de?ned. In accordance with this 
process some, usually at least about half but substantially 
less than all, of this copper oxide is reduced to metallic 
copper byv electrochemical reduction, following which the 
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conductivity of this partially conductive surface portion is 
further augmented by electrochemically depositing copper 
onto a partially conductive surface and/or onto the re 
duced copper on and accessibleto this surface, by having 
the semiconductive surface connected as a cathode in an 
electrochemical cell,-the electrolyte of which contains 
copper ions. > 

Following this (and the process may be terminated at 
this point if desired), it is sometimes found that the 
resistance of the partially conductive surface has been 
reduced too far. If this is so, the present invention con 
templates the controlled increase of this resistance by 
partially oxidizing some of the reduced copper at and 
adjacent to the conductive surface by exposing the body 
to an oxidizing environment at a relatively high tem 
perature and controlling the amount of oxidation by con 
trolling the temperature and the duration of the heating 
and/ or exposure to the oxidizing environment. 

It is further found in some instances, where the ceramic 
element of the present invention is to be used at high 
temperatures and- in an oxidizing environment, that it 
may be desired substantially to stabilize the resistance 
at the value to which it was adjusted either by reduction 
of copper oxide or such reduction followed by a partial 
oxidation. In these circumstances, it may be desired to 
plate onto the conductive surface or a part thereof some 
metal which is less subject to oxidation to high tempera 
tures than is copper. 'The metals actually tried for this 
purpose are nickeland'rhodiurn. These several expe 
dients will be explained more in detail hereinafter. 

Other and more detailed objects and features of the 
present invention will become apparent from the follow 
ing particular description of certain preferred embodi 
ments thereof. ' 

Turning now to the details of the present invention, 
the ?rst factor to be considered is the requirements for 
the starting material or ceramic body. This starting 
material or ceramic body is one usually having substan 
tially the shape and size desired for the ceramic element 
to be made and also having at least one semi-conductive 
surface portion which is formed at least in part of a 
copper oxide. This descriptive phrase is intended to in 
clude not only the ?nal product made by the process 
described and claimed in the copending application of 
Sheheen and Mooney, Ser. No. 603,971, aforesaid, but 
also the product, for example, of the ?rst stage of the 
twovstage process set out in that application, i.e., wherein 
a ceramic body which may consist essentially of alumina 
has a selected portion only of its surface treated or 
impregnated with a material including copper oxide. 
It is further contemplated that a ceramic body of any 
desired ceramic material, including one which consists 
essentially of alumina but which contains no copper oxide, 
may have suitably secured thereto a layer or portion 
containing or consisting’ of an oxide of copper or having 
a surface portion containing or consisting of an oxide 
of copper. The only particular requirement therefore is 
that the starting ceramic body shall have an oxide of 
copper at and/or accessible to a surface portion thereof, 
so that it may be reached by an aqueous electrolyte for 
the purpose of electrolytically reducing at least a part 
of the copper oxide to metallic copper. 

It will be noted that throughout this application the 
term “copper oxide” or “a copper oxide” is used. By 
either or both of these terms are, meant either orboth 
oxides of copper, i.e., Cu2O and CH0 or any mixture 
thereof. It is recognized that in reducing CuO, this mate 
rial probably passes through the lower valence state of 
0120 in the course of its reduction to metallic copper. 
1 The ?rst step of the process in accordance with the 
present invention is the reduction of some of the copper 
oxide present and‘accessible to the semi-conductive sur 
face to the state of metallic copper. The purpose of this 
III-generally set out above is to decrease the electrical 
resistance across a part at ‘least of the semi-conductive 
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‘ ably about _3 to about 6 amperes per square foot. In ' 
such a bathla satisfactory amount of copper can be .de- > 
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4 
surface and to decrease the breakdown voltage for an 
igniter in which the ceramic element of the present inven 
tion may be used. The original breakdown voltage for 
a conventional gap distance of about 0.03 to 0.04 inch 
may be in the order of magnitude of 800 to 1000 volts; 
whereas after the reduction step, which is the ?rst step 
of the present process, this breakdown voltage may be 
reduced to the range of about 500 to about 800 volts. 
The ?rst step of the process is effected by conventional 

electrochemical reduction usually, for example, wherein 
the conductive surface portion at least of the ceramic 
body is used as the cathode of an electrochemical cell. 
The use of any conventional chemical means for effect 
ing reduction of a substantial amount of the copper oxide 
to metallic copper is to be considered within the purview 
of the present invention. 

If the reduction operation is to be effective in a cell 
and separate and distinct from other cells hereinafter 
referred to, the conductive portion of the ceramic body 
to be reduced may be connected as a cathode in the 
cell, the electrolyte of which consists essentially of aque 
ous sulphuric acid, for example, of about 20% H2504 
concentration. In such conditions it has been found pos 
sible to effect a reduction of at least about one-half but 
substantially less than all the copper oxide accessible to 
the surface in contact with the electrolyte in about one 
to two minutes electrolysis time and with a cathode cur 
rent density of about 2 amperes per square foot. In any 
event, it is preferred that at least about one-half but sub 
stantially less than all the copper oxide accessible to the 
surface which is in contact with the electrolyte shall be 
reduced by the electrolysis to metallic copper. 

The next step of the process according to the present 
invention is further to reduce the resistance of the 
partially conductive surface portion of the ceramic ele 
ment, so as further to reduce the breakdown voltage 
aforesaid. This step is effected by plating onto a part of 
the semi-conductive surface, and probably onto the re~ 
duced copper particles thereon a further amount of cop 
per by more or less conventional electroplating tech 
niques. , 

In the event that the reduction step of the process is 
carried on in a separate electrochemical cell which is 
contemplated as aforesaid, then the copper plating or 
electro-deposition of copper may be carried on by im 
mersing the body or at least the semi-conductive sur 
face portion thereof into the electrolyte of a copper plat 
ing cell in which the semi-conductive surface portion is 
electrically connected as the cathode of the cell. The 
electrolyte in this cell may be any one having copper 
ions in an aqueous solution. The cell arrangement and 
the characteristics of the electrolyte other than those 
particularly described herein may be substantially con 
ventional for copper plating. 

_ In the event that a cyanide type plating bath is de 
s1red,'the electrolyte may be an aqueous solution includ 
ing about 3 ounces per gallon of copper cyanide, about 
4 to 4% ounces per gallon of sodium cyanide, about 2 
ounces per gallon of sodium carbonate, and such addi 
tional water-soluble salts, if any, as may be required to 
adjust the pH of the solution to a desired value, which 
is preferably at least about 10. 
, _ It is required, of course, that the bath must be kept 
on the alkaline side of neutral as there is dissolved cya 
nide therein, which would result in the evolution of high 
1y poisonous hydrocyanic acid if the solution were acid. 
Furthermore,-i_t has been found that the bestplating 
et?ciencies are obtained with a pH of at least about 10, 
and preferably in the range of about 10 to about 13. The 
current density for use under these conditions is from 
about 2.5 to about 15 amperes per square foot and prefer 

posited in about 2 to 10 minutes, depending on the area 
exposed. It ‘will be understood that the time and current 
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density may be reciprocally varied and substantially 
equivalent results obtained, i.e., if the time is to be re 
duced, the current density should be proportionally in 
creased and vice versa. In such a cell it is usually found 
convenient to use a copper anode, although other types 
of anodes are feasible and operative, nickel, chromium, 
and rhodium having been successfully used. These mate 
rials are not to be considered as inclusive of all possible 
materials which could be used to have the process fully 
operative, as in general the requirements are merely those 
of conventional copper plating. 

In the event it is desired to use an acid bath rather 
than a‘cyanide bath, a conventional acid copper plating 
bath may be used. Such a bath may be made up, for 
example, by dissolving in water CuSO4-5H2O, 24 ounces 
per gallon and added sulphuric acid (H2804), about 6 
ounces per gallon. Such a bath may be operated at 
room temperature with a cathode current density in the 
order of magnitude 25 to 60 amperes per square foot. 
The same time range as aforesaid may be used and again 
time and current density may be reciprocally varied to 
give equivalent results. 
The result of the plating operation is effective to re 

duce the resistance across the partially conductive sur 
face, so as to have a breakdown voltage of about 200 
to about 500 volts when the device is used in an igniter 
as is disclosed in the copending application aforesaid. 

‘It is further particularly contemplated that the ?rst 
two process steps ofv reducing copper oxide and plating 
copper may be carried out in the ‘same electrolytic cell 
and in the stated sequence, i.e., the reducing operation 
to take place ?rst and thereafter copper ions from the 
electrolyte to be plated onto the partially conductive 
surface portion of the cathode. It has been found that 
these process steps do in fact occur in this order, so that 
the ?rst two steps of the process have been and may be 
carried out in a single cell if desired. 

In some instances it may be that the process aforesaid 
of reducing the resistance and the breakdown voltage 
will have been carried on too far, so that the resulting 
product will have a lower resistance and a lower break 
down voltage than the respective values desired. If this 
occurs, it is found that the resistance may be suitably 
increased and the breakdown voltage more or less corre 
spondingly increased by partially oxidizing some of the 
copper on the partially conductive surface of the ceramic 
element. This can be accomplished by raising the tem 
perature of the ceramic body preferably to a temperature 
in the range of about 1000° F. to about 1200“ F. and 
holding the temperature in this range while the ceramic 
body is exposed to an oxidizing atmosphere, such as at 
mospheric air, for about 10 minutes. It will be under 
stood that the degree of oxidation can be controlled by 
controlling the temperature and time, with higher tem 
peratures and longer times both resulting in greater oxi 
dation and correspondingly greater increases in electrical 
resistance and in breakdown voltage. The use of this 
partial oxidation step, when necessary or desirable, may 
be considered a part of the present invention; although 
it will be understood that this step is optional and may 
be omitted and the desired reduction in resistance and 
in breakdown voltage from the values of those char 
acteristics in the starting body may be attained solely by 
the reduction and plating steps above described. 

In view of the fact that it is possible as aforesaid to 
increase the resistance by partial oxidation of the copper 
at and accessible to the partially conductive surface, it 
will be seen that the resistance and breakdown voltage 
characteristics are not really stable if the ceramic ele 
ment produced by the process thus far particularly de 
scribed is exposed in an oxidizing environment under con 
ditions of relatively high temperature. Inasmuch as both 
conditions may occur simultaneously in the use of the 
device in igniters for jet engines, it may and often is 
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desirable to follow the steps of the process thus far par~ 
ticularly described by a further process step designed to 
stabilize the resistance even under these conditions and 
similarly to stabilize the breakdown voltage. _ 
For this purpose advantage is taken of the fact that 

certain metals, such as nickel and rhodium, are more 
nearly proof against oxidation at relatively high tem 
peratures than is copper, even though they are still some 
what oxidizable under these conditions. However, the 
tendency to oxidize a surface protected by a layer or 
plating of a metal as nickel or rhodium is far less than 
if that surface were of metallic copper. For this reason, 
therefore, it is proposed in accordance with the present 
invention to stabilize the resistance and breakdown voltage 
characteristics of the ceramic element produced as afore 
said by plating onto the partially conductive surface a. 
layer of one of the metals, nickel or rhodium. Either of 
these metals may be plated onto the metallic copper on 
the semi-conductive surface from a conventional plating 
bath for the metals respectively, wherein the metal in 
question exists as water-soluble electrolyte, providing ions 
of the respective metals in aqueous solution. 

In the case of rhodium, the electrolyte may be made 
up using a conventional and commercially available solu— 
tion of a water-soluble rhodium salt, which may be plated 
from an acid solution. Successful results have been at 
tained from using such a bath. 
One such electrolyte for nickel may be made up as an 

aqueous solution containing 32 ounces per gallon of 
NiSO4-7H2O, 2 ounces per gallon NiOl2-6H2O and 4 
ounces per gallon H3BO3. An electrolyte of this compo 
sition is effective at a pH value of about 6 and may be 
used either at about room temperature or at a tempera 
ture of about 120°~130° F. It is preferable that the nickel 
plate thus applied shall be about .002 inch in thickness, 
so as to provide a sufficient thickness to compensate for a 
possible oxidation of some nickel on the surface, while 
still retaining a suf?cient amount of nickel to protect 
the subjacent copper from oxidation. Such a coating has 
been obtained using a conventional nickel plating bath 
as aforesaid and with a time and current density sul?cient 
to give this plating. The time and current density may 
be reciprocally adjusted as aforesaid. The actual values 
for current density are not given here as the areas to be 
plated are so small that measurement thereof is di?icult 
and somewhat uncertain at best. It is found, however, 
that the thickness of nickel plate as aforesaid is sut?cient 
to obtain desired results notwithstanding that some of 
this nickel plate may become oxidized in use. It is found 
that the application of a nickel plate following the cop 
per plating as aforesaid does not greatly increase the 
conductivity or decrease the resistance or breakdown volt 
age; while at the same time the resistance and breakdown 
voltage are substantially stabilized at a value approximat 
ing that attained by the practice of the process, this value 
for breakdown voltage being in the range of about 200 
to about 500 volts for an igniter as previously particularly 
referred to. 

It is further contemplated that the nickel plating step 
of the process may be employed whether or not the step 
or partially reoxidizing some of the copper is used as 
aforesaid. In either instance, the attained resistance and 
breakdown voltage prior to the nickel plating step will 
be little changed by that step of the process and will be 
stabilized thereby even as against subsequent use of the 
ceramic element as an igniter in jet engines under condi 
tions of high temperature and in an oxidizing environ 
ment. 

While there is herein described but one principal proc 
ess and certain variants and equivalents have been de 
scribed, it is contemplated that other equivalents and 
variants will suggest themselves to those skilled in the 
art from the foregoing particular disclosure. I do not 
wish to be limited, therefore, except by the scope of the 
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‘appended claims, which are to- be construed validly as 
vbroadlyas the state of the prior art permits. _ 
What is claimed is:- , _ p 

,1. In the process of making ceramic elements usable 
in surface gap igniters capable of use at temperatures 
up to about 2000“ F.,>in which each of said elements has 
‘a semi-conductive portion which is formed in part of a 
"copper oxide and along which a spark is to pass in the 
normal use of the device; and wherein some of said ele 
ments have an initial breakdown voltage along said semi 
conductive portion, based upon a gap distance of about 
v0.03 to 0.04 inch, of at least about 800 volts; the process 
of treating said elements to reduce said initial breakdown 
voltage to the range of about 200 to 500 volts, compris 
‘ing the steps of electrochemically reducing at least about 
‘half and substantially less than all of the copper oxide 
accessible to the surface of the semi-conductive portion 
of said ceramic elements to form a more conductive por 
tion comprising metallic copper, so as to reduce the break 
down voltage on the basis aforesaid to the range of about 
500 to 800 volts; thereafter electrochemically depositing 
additional metallic copper on the surface portion having 
the reduced metallic copper thereon by passing a direct 
current of electricity through an electrolytic cell having an 
electrolyte containing copper ions, and wherein said semi 
conductive surface portion of said elements are connected 
as cathodes, so as to cause some of the copper ions of 
the electrolyte to deposit onto the semi-conductive portion 
of said elements, and thereby to reduce their breakdown 
‘voltage on the basis aforesaid to the range of about 200 
to 500 volts; and stabilizing the electrical resistancein 
use of said ceramic elements so as to maintain the break 
down voltage thereof substantially unchanged, even when 
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exposed to-relativelyhightemperatures in an oxidizing 
environment, -'by electrodepositing a metal selected from 
'the' group consisting of nickel and rhodium onto the 
metallic copper on the semi-conductive surface portion 
of said elements. 

'2. The process according to claim 1, in which the re 
“duction of copper oxide and the electrodeposition of 
“copperare carried on as aforesaid to an extent such that 
‘the electrical resistance and consequent breakdown volt 
age across the so-treated surface is lower than that de 
sired as aforesaid, and comprising the additional step of 
controllably reoxidizing a part of the metallic copper on 
‘said surface, so as to increase the electrical resistance 
across said surface to a predetermined value such that 
‘the breakdown v'oltageon the basis aforesaid shall be in 
the range of about 200 to 500 volts, by‘ heating the ceramic 
body with the metallic copper to be reoxidized in an oxi 
dizing atmosphere and by controlling the temperature and 
duration of such heating. 
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