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To all whom it may concern. 
Be it known that I, CRosBY FIELD-FRANK, 

a citizen of the United States, residing at 
New York, county of New York, State ef 
New York, have invented certain new and 
useful Improvements in Electric Discharge 
Apparatus, of which the following is a 
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specification, 
My invention relates to apparatus which 

permits a free discharge through it only so 
long as the difference of potential between 
its terminals exceeds a predetermined 
amount. Such apparatus is particularly 
useful as a lightning arrester to remove ab 
normal potentials, surges and similar dis 
turbances commonly designated as lightning 
from an electrical conductor without per 
mitting escape of current at the normal po 
tential of the conductor, and may also be 
utilized for many other purposes for which 
its characteristics render it available. 
The object of my invention is to provide 

a simple and durable electric discharge de 
vice which will permit a very free discharge 
of electricity as long as the difference of po 
tential between the terminals of the device is 
excessive, but will interrupt the discharge 
the instant the difference of potential be 
comes normal. 

acter in which the discharge is started and 
stopped more efficiently and quickly than in 
devices heretofore used. Another object is 
to provide a device of this character in which 
the ohmic resistance of the discharge path is 
low so that large amounts of energy can 
flow freely at abnormal potential and 
Quickly relieve the conductor of dangerous 
voltages. A still further object is to pro 
vide an improved device of this character, as 
more particularly hereinafter pointed out. 
In accordance with my invention a large 

number of independent discharges may take 
place, each passing through a discharge path 
which is initially of low ohmic resistance but 
quickly increases in resistance, due to a per 
manent chemical change brought about in 
the material of the discharge path by the 
effect of the discharge, until further flow of 
current through that particular path is pre 
vented, whereupon the discharge is diverted 
to another similar path and soon until the 
abnormal potentialis relieved. In order to 
secure this action I so construct the appara 
tus that the discharges take place through a 

A further object of my in 
vention is to provide a device of this char 

mass consisting wholly or in part of some 
material such as lead peroxid, which is a 
good conductor of electricity but is very 
quickly converted into some non-conducting 
salt or material if subjected to an electrical 
discharge under certain conditions of limit 
ing conducting path. To permit free dis 
charge and also to render the action of the 
device practically instantaneous, I prefer to 
use lead peroxid, which has a low ohmic re 
sistance and which changes into a very high 
resistance lower oxid almost instantaneously 
when subjected to the discharge. The lead 
peroxid or similar material is preferably 
used in the form of powder and placed ad 
jacent a terminal which is provided with 
Some means, such as a thin insulating film, 
for restricting each individual discharge to 
a very small part of the mass of lead per 
Oxid, with the result that each successive dis 
charge affects a different part of the mass. 
The novel features of my invention are 

pointed out with particularity in the ap 
pended claims, but the invention itself will 
best be understood in connection with the ac 
companying drawing in which simply for 
purposes of illustration I have shown em 
bodiments of my invention and in which 
Figure 1 is a longitudinal section of a sim 
ple form of low voltage arrester; Fig. 2..is a 
longitudinal section of a portion of a high 
voltage arrester; Fig. 3 is a longitudinal sec 
tion of a novel form of high voltage ar 
rester having an arc shield to prevunt short 
circuiting of the arrester: Fig. 4 is a longi 
tudinal section of another form of high 
voltage arrester composed of a number of 
units constructed as shown in Fig. 3; and 
Fig. 5 is a longitudinal section of one form 
of arrester suitable for use on circuits of 
about 600 volts. 
The form of my invention shown in Fig. 1 

comprises a casing 1 of insulation and con 
taining conducting plates or electrodes 2 
forming part of the terminal 3. Interposed 
between the electrodes 2 is a filler or mass 4 
composed wholly or in part of powdered 
lead peroxid and constituting the discharge 
path between the electrodes. While I do not 
wish to be restricted to any particular 
theory of the action of this device, it seems 
certain that since lead peroxid is a very poor 
conductor of heat, a discharge occurring 
from one of the electrodes causes at the 
point of discharge a very local and very 
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intense heating which instantly changes a 
very small amount of the lead peroxid into 
some lower oxid having a very high elec 
trical resistance. For example, a cubic centi 
meter of lead peroxid, BbO, having an 
electrical resistance of 1/2 ohm can easily be 
converted by heat into the lower oxid 
PbO, having an electrical resistance of 

, 24,000,000 ohms, or into another lower oxid, 

15 

20 

25 

30 

40 

45 

50 

55 

PbO, haying a still higher resistance. As a result of this great and permanent change 
in the electrical resistance of that part of 
the filler 4 affected by the discharge, a mass 
of substantially non-conducting material in 
stantly forms in the path of discharge and 
what may be called a reseal action takes 
place; that is, further flow of current at 
that point is prevented. Lead peroxid is a 
very good electrical conductor and provides 
a very low resistance path for discharges, so 
that when the discharge rate of the device is 
very high a large current can flow as long as 
the material in the path of discharge is un 
changed, and the time lag or delay in start 
ing the discharge after the applied voltage 
exceeds normal is very slight. Each dis 
charge requires energy and in many cases 
one or two discharges will relieve a line of 
the abnormal potential on it. If for any 
reason the abnormal potential is still pres 
ent after the first discharge has converted 
the lead peroxid at the point of that dis 
charge into a lower oxid, a second discharge 
occurs at some other point on the electrode 
and converts some of the lead peroxid at 
that other point into a lower oxid, thereby 
stopping the current flow at the point of 
second discharge, and so on, until finally 
when the potential across the terminals of 
the device becomes normal, no further cur 
rent will flow. As each discharge is con 
fined to a very small area, the current den 
sity in that area is so great that the heat 
developed instantly converts the lead per 
oxid in that area into a lower oxid or oxids 
having very much greater electrical resist 
ance. The electrode 2 has sufficient area to permit a great many discharges to take 
place at different points on it before all 
the lead peroxid adjoining the electrode is 
converted into the non-conducting lower 
oxids. 
Although the lead peroxid is preferably 

used in the form of a fine powder, it may 
be made into a cake or solid body by sub 
jecting it to pressure or by mixing it with a 
suitable binder such as coal tar. By varying 
the pressure to which it is subjected its 
electrical resistance can be varied. It may 
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be made into a paste with any suitable 
vehicle such as water, and is then quite 
suitable for use with an aluminum electrode, 
on which an insulating film may, if desired, 
be previously formed electrolytically in a 
suitable electrolyte. 

1,288,660 

The electrode 2 may be made of practi 
cally any of the metals or other conducting 
materials, and may be made in the form of a 
plate, a brush, a wire network, or of a 
plurality of metal rods mounted adjacent 
one another. In some cases it may be desir 
able to knurl or otherwise roughen the sur 
face of the electrodes, to coat them with fil 
ings or fine granules, or otherwise provide 
the surface with numerous discharge points. 
The energy of any discharge EE the 

electrode to the filler 4 should be concen 
trated on a restricted area of the filler by 
some suitable means, as for example, by 
an insulating film or layer 5 between one 
or both of the electrodes and the surface of 
the filler 4. Such a film may be formed by 
impressing normal voltage upon a bare elec 
trode in contact with the lead peroxid, 
whereupon enough of the lead peroxid im 
mediately adjoining the electrode is con 
verted into a layer or film of non-conducting 
lower oxid to prevent flow of current at 
normal voltage. During this operation the 
current is kept within such limits that there 
will be no danger of converting all of the 
lead peroxid into the lower insulating oxids. 
The best method is to provide one or both 
of the electrodes 2 with an insulating film of 
uniform and proper thickness before the 
arrester is assembled. The thickness of this 
film may vary within wide limits and de 
pends upon the normal voltage, the char 
acteristics of the film material, and the ex 
tent to which the impressed voltage is per 
mitted to rise above normal before dis 
charging through the film to the filler. For 
protecting a line of which the normal po 
tential is about 300 volts, I find that an 
arrester having a filler of lead peroxid and 
two electrodes each with a film of insulating 
varnish about 1/1000 of an inch thick gives 
good results and permits discharge at some 
what less than double the normal line 
voltage. 
The insulating film on the electrode may 

be produced by applying a thin uniform 
layer of insulating varnish or lacquer to a 
well cleaned or burnished surface of the elec 
trode in any suitable way, as by painting, 
dipping, spraying, or in any other suitable 
manner. By dipping the electrodes into a 
solution of the proper consistency, and bak 
ing, if necessary, at a uniform temperature, 
all of them may be provided with insula 
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ting films of substantially the same thick 
ness. Films of different degrees of tough 
ness, resilience and dielectric strength may 
be obtained by varying the composition or 
consistency of the varnish, by baking at 
different temperatures, or by baking at 
fixed temperatures for different periods. 

Instead of a varnish, I may use for the 
insulating film, a paste of some salt of lead, 
such as monoxid or other insulating salt 
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mixed in a suitable vehicle, such as glycerin, oil, or water; or may apply lead peroxid 
mixed with a suitable vehicle to the electrode 
and then turn the lead peroxid into an insu 
lating layer by passing current through it, 
heating it, or in some other suitable man ner bringing about a permanent conversion 
to a lower oxid. I may also spray upon the 
electrode a glass, or an enamel glaze, or a 
metal which will readily form a film of non 
conducting oxid. For example, metallic 
lead sprayed upon a copper electrode may 
be oxidized to a non-conducting lead oxid. 

Insulating films may also be produced 
electrolytically. If the electrode is of alu 
minum, it may be immersed in any of the 
well known electrolytes; if of lead, in an elec 
trolyte containing orthoplumbates of the al 
kaline earths, such as calcium orthoplum 
bate. The electrode may also be electrolyti 
cally coated with a thin layer of lead or of 
lead peroxid in an electrolyte of caustic pot 
ash and litharge, the coating then being con 
verted into non-conducting lead salts, such 
as the lower oxids, sulfids, or sulfates. 
The insulating film may be formed chemi 

cally by heating a lead electrode in air or 
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oxygen; or by sprinkling an oxidizing pow 
der, such as lead peroxid, over the metal 
electrode while the electrode is hot. By dip 
ping or treating the electrodes in a suitable 
solution, they may be coated with thin lay 
ers of non-conducting salts such as are some 
times known as oxidizing finishes but which 
in reality are insulating sulfids and sulfates. 
The action of the insulating film 5 in con 

centrating the discharge on a restricted area. 
of the filler 4 may be facilitated by weaken 
ing the film at predetermined points, as, for 
example, by perforating the film or distrib 
uting conducting particles through it. The 
lead peroxid for the filler should preferably 
be pure, although the conductivity of the 
filler does not appreciably change until the 
lead peroxid content is reduced to about 
50%. For the best results, the lead peroxid 
should be finely powdered, but not very 
dense. I prepare it by stirring red lead into 
an alkaline solution and passing in chlorin, 
keeping the Solution concentrated, the tem 
perature about 80 degrees centrigrade, and 
afterward carefully removing all alkali, 
thereby obtaining a product which is fluffy 
and does not settle readily when suspended 
in water. 
The properties of the filler may be modi 

fied by varying the pressure upon it and 
also by mixing suitable materials with it. 
For example, the resistance of a lead peroxid 
filler may be increased by mixing with it 
barium peroxid, alumina, ammonium tetra 
borate, galena, carborundum or similar ma 

65 

terials, preferably granular or powdered; 
or the resistance may be decreased by dis 
tributing through the filler some metallic 

filings or conducting granules, which may. 
be made to facilitate the break down by a 
multigap action due to their electrostatic ca 
pacity. I may also mix with the lead per 
oxid a catalytic agent, such as manganese 
dioxid to take up oxygen from the air and 
replace that lost by the reduction of the lead 
peroxid. 

If the arrester increases in resistance with 
use, it may be restored to approximately its 
initial condition and resistance by treating 
the filler in some suitable manner as by 
pressing or compacting it, or by subjecting 
the arrester to pounding, tapping, or other 
vibration applied from the outside. 
The filler may consist of or contain vari- . 

ous other materials which act in the same 
Way as lead peroxid, and all such materials 
I consider to be within my invention and to 
be equivalents of lead peroxid. In some 
cases and for some purposes I have ob 
tained results with bismuth dioxid, BiO, 
sodium bismuthate, BiONaBiOH, and ba 
rium nitrite, Ba (No.), but these materials 
are not as good as lead peroxid. 

Arresters for high voltage may be made 
by connecting a number of filmed electrodes 
in series with suitable filling, such as lead 
peroxid, between them. For example, as in 
dicated in Fig. 2, electrodes 6 with insulat 
ing films 7 may be held side by side by 
means of spacers 8 and some suitable re 
tainer or holder 9. The voltage required to 
initiate a discharge through such an arrester 
depends upon the number of the electrodes 
6 and the thickness of the insulating films 7. 

I may interpose between the electrodes a re 
fractory body embedded in the filler or hav 
ing a layer of filler between it and the elec 
trode. For example, as shown in Fig. 3, two 
concentric electrodes 10 and 11 held in place 
by heads 12 of some suitable insulating ma 
terial, such as porcelain, have interposed 
between them a refractory body 13 made of 
carbon or similar refractory material. The 
refractory body 13 lessens the amount of 
filler/required and acts as an arc shield to 
prevent impurities in the filler causing an 
arc to hold from one electrode to another. 
An arc in the filler can extend only from 
One electrode to one side of the arc shield, 
as the other side of the shield would act as 
another electrode on which an insulating 
film would quickly build up and stop the 
current flow. The probability that impuri 
ties would be so segregated on both sides of 
?he arc shield as to form a conducting bridge 
between it and both electrodes is very slight. 
The form of airlester shown in Fig. 3 is a 

illnitary structure suitable to line voltages 
'of between 200 and 300 volts. An arrester 
suitable for much higher voltages such as 
30,000 volts can be made by connecting the 
requisite number of these units in series. 
This may be done as shown in Fig. 4, where 
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units are assembled upon a central rod 14 
and are connected in series through connec 
tors 15. 
A form of arrester suitable for distribu 

tion circuits of about 600 volts, such as street 
car circuits, is illustrated in Fig. 5, in which 
concentric electrodes 16, 17 and 18 are held 
in place by insulating heads 19 suitably re 
cessed to engage the ends of the electrodes. 
The heads are held against the ends of the 
electrodes by bolts 20. The outer electrode 
is provided with a ground terminal 21 and 
the inner electrode is connected to a line ter 
minal 22. A spark gap comprising elec 
trodes 23 preferably made of brass and 
mounted in a recess in one of the heads 19, 
may be interposed between the arrester and 
the line to prevent a continuous potential 
strain on the arrester. The spark gap spac 
ing depends on the line voltage, and may be 
as small as fifteen one thousandths of an 
inch for direct current circuits of 600 volts. 
In many cases the spark gap may be omitted 
and the arrester connected directly to the 
line, especially if the circuit carries alternat 
ing current. 
An arrester embodying my invention and 

made with aluminum electrodes previously 
formed or coated with an insulating film, 
and with a filler of lead peroxid containing 
ammonium tetraborate, has some electro 
static capacity. In cases where the capacity 
or condenser effect is important, I use a mix 
ture of glycerin and lead peroxid for the 
filler 4. The power factor may be reduced 
by mixing with the filler 4 some suitable sub 
stance, such as a hydrate, like hydrate of 
alumina. 
My invention may be embodied in many 

other forms, and is not limited to those 
shown and described, as I intend to cover all 
changes and modifications which are within 
the spirit of my invention and the scope of 
the appended claims. 
What I claim as new and desire to secure 

by Letters Patent of the United States, is 
1. The combination with a dry powdered 

metallic salt having low heat conductivity 
and high electrical conductively and perma 
nently converted by heat into a salt of dif 
ferent chemical composition and of very low 
electrical conductivity, of two coöperatin 
electrodes mounted to direct an electrica 
discharge between said electrodes through 
said salt to produce localized heating of said 
salt and bring about a local conversion of 
sufficient salt in the path of discharge to 
interrupt the discharge. 

2. An electrical device of the character 
described having a terminal, a mass of dry 
powdered conductive oxid permanently con 
verted by heat into a different oxid of higher 
electrical resistance and positioned to carry 
current from said terminal, and a coöperat 
ing terminal comprising an electrode with 
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an extended surface mounted adjacent said 
oxid to direct an electrical E. be 
tween terminals into said oxid and thereby 
produce local heating in the path of dis 
charge. 

3. An electrical device comprising two 
electrodes and a filling of dry powdered 
lead peroxid between and adjacent said elec 
trodes to receive discharges between them. 

4. An electrical device comprising two 
terminals, an electrode connected to one ter 
minal, and a mass of dry lead peroxid ad 
joining said electrode and forming a nor 
mally conductive part of a path for dis 
charges between said electrode and said 
other terminal. 

5. An electrical device comprising a mass 
of dry powdered lead peroxid which is free 
from alkali, is fluffy, and when suspended 
in water settles more slowly than the pow 
dered lead peroxid prepared by acting upon 
red lead with nitric acid, and two electrodes 
adjoining said mass to direct a discharge 
between said electrodes through said mass. 

6. An electric device having 
a mass of powdered metallic salt of low heat conductivity and low electrical resistance, 
and permanently converted by heat into a 
salt of different chemical composition and 
high electrical resistance, said mass being in 
position to carry current from said termi 
nal, a coöperating terminal comprising an 
electrode having an extended discharge sur 
face in proximity to said mass of metallic 
salt, and a layer of insulation between said 
surface and said salt. 

7. A device comprising two separated 
electrodes having one of their opposed faces 
provided with an insulating coating, and a 
filling between said electrodes of a metallic 
salt of low electrical resistance and converti 
ble by heat into a salt of high resistance. 

8. A device of the character described 
comprising separated electrodes, one of 
which is coated with an insulating film, and 
a filling of lead peroxid between said elec 
trodes and adjacent said film. 

9. A device of the character described 
comprising separated electrodes, one of 
which is coated with an insulating film and 
a conductive filling between said electrodes 
and adjoining said film and comprising a 
metallic salt which in response to a 
charge through said film into said filling is 
instantly and permanently converted into 
a non-conductive salt at the point of dis charge only. 

10. A device comprising metallic plates 
insulated from one another, and a lin 
between said plates containing lead plots 
and insulated from said plates at normal 
voltage on said circuit. 

11. A protective device having two elec 
trodes, a filler comprising lead peroxid be 
tween said electrodes and a refractory con 

a terminal, 
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ductive member interposed between said 
electrodes and embedded in said filler. 

12. A protective device having two par 
allel conductive plates, a filler of lead per 
oxid between said plates, and a refractory 
conductive arc shield substantially coexten 
sive with said electrodes embedded in said 
filler between said electrodes. 

13. A device of the character described 
comprising a plurality of conducting plates 
each coated with an insulating film, an in 
sulating spacer for positioning and holding 
said plates separated, and a filler compris 
ing lead peroxid in the space between said 
plates, . 

14. A device of the character described 
comprising two conducting plates, solid in 
sulation engaging the edges of said plates 
to hold them substantially parallel and to 
form with said electrodes a closed recepta 
cle, and a lead peroxid filling in said re 
ceptacle. 

16. A unitary 

s 

15. A unit of the character described con 
sisting of a receptacle having two parallel 
portions of its wall of metal and the remain 
der of insulation and a filling of lead per 
oxid between said metal portions. 

structure comprising con 
centric tubular electrodes, insulating heads 
for closing the ends of said electrodes, and 
a filling comprising lead peroxid in the 
space between said electrodes. 

17. A unitary structure comprising a plu 
rality of concentric conducting members, in 
sulating heads in engagement with the ends 
of said members to position them and form 
a closed receptacle, and a filling of lead per 
oxid in said receptacle, and in contact with 
said members. 
In witness whereof, I have hereunto set 

my hand this seventeenth day of January, 
1916. 

CROSBY FIELD-FRANK. 
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