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7o all, ut ho7m, it may concern: 
Beit known that I, WILLIAM JoHN KNOX, 

a citizen of the United States, and a resident. 
of the borough of Manhattan, in the city of 
New York, county of New York, and State 
of New York, have invented certain new and 
useful Improvements in Apparatus for Gen 
erating Ozone, of which the following is a specification. 
My invention relates to that class of ap 

paratus in which an interrupted electric cur 
rent of high tension and frequency is caused 
to pass between electrodes and through in 
terposed dielectrics so as to produce a non 
arcing, soft, ultra-violet glow or effluvia, the 
so-called silent electric discharge. When 
oxygen, air, or other gases are passed 
through the free space between such elec 
trodes the electrical stress or bombardment 
so greatly augments the vibration or move 
ment of the atoms within the gaseous mole 
cules that many of the atoms escape from 
molecular combination and reunite to form 
molecules of a different nature. This phe 
nomenon is most frequently taken advantage 
of for the conversion of oxygen into ozone, 
but other gases may be altered in a similar 

e. 

It is well known that electrical discharges 
take place most readily from points and 
least readily from smooth surfaces. Elec 
trodes with perfectly smooth, plane surfaces 
are undesirable for this reason because the 
electric tension accumulates on such surfaces 
until the electric strain ruptures at some 
point which may be nearest to the opposing 
electrode and an arc or violent discharge 
occurs. A multiplicity of points on the sur 
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faces of the electrodes causes a more evenly 
distributed discharge, but if any one of the 
points should extend farther toward the 
opposing electrode than the others, there 
will be a freer discharge from such point 
and a tendency to form an arc. Partly to 
neutralize this tendency, di-electric plates, 
usually of glass, are customarily interposed 
between such electrodes to spread or diffuse 
the current by their resistance and thus to 
diminish the tendency to form arcs. The 
usual method of forming such an element 
is to attach a sheet of metallic foil by means 
of an adhesive, such as 
surface of a glass plate or tube. This has 
the disadvantage of forming a smooth elec 

glue, to the outer 

trode surface and it has been sought to over 
come this by first mechanically indenting or 
corrugating the metallic foil. Such me 
chanical indentations are, however, exceed 
ingly coarse when compared with the fine 
soft non-arcing electrical discharge desired 
and tend to cause arcing for this reason. It 
is also desirable that the dielectric be in in 
timate contact with the electrode surface at 
every point as, if it were not, there would 
be some points of closer contact and less re 
sistance, from which the freer discharge of 
current would cause a local heating of the 
dielectric and cause an arc that would punc 
ture the glass. In converting the oxygen of 
common air into ozone it is highly undesir 
able that any arcing occur, even incipient 
arcing, as such concentrated localized dis 
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charges cause the formation of nitrogen 
oxids. 
The object of my invention is, primarily, 

to form what may be designated as a high 
tension electrode element, consisting of a 
liquid electrode and a corresponding solid 
dielectric, whose opposing surfaces are at 
all points in substantially intimate contact, 
and in which, Such surfaces in contact, con 
sist of an exceedingly great number of fine, 
uniform indentations and corresponding 
points, all of which lie practically in a true 
plane. To attain this result I make use of 
a glass plate or tube one of whose surfaces 
has been slightly but sensibly roughened by 
the action of hydrofluoric acid, the vapor or 
liquid, or by the action of a fine sand blast. 
Against this finely indented glass surface I 
place a layer of metallic mercury or liquid 
conductive material, or other material which 
will enter the indentations and conform to 
the indented surface as an electrode. The mobile conducting liquid enters the fine in 
dentations in the surface of the glass and 
thus forms an electric discharging surface 
with an innumerable number of fine points 
of discharge, and at the same time the elec 
trode surface and the dielectric surface are 
in absolutely uniform intimate contact. 
Another object of my invention is to so 

combine these high tension, electrode ele 
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ments in couples or pairs with suitable air 
spaces between the opposed dielectric sur 
faces as to form a complete unit for produc 
ing a soft, high-tension, electric discharge 
between such electrodes when connection is 
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method of construction are fully shown in 
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made to the electrodes from a source of 
high-tension interrupted electric energy. . . 
A further object is an improved mechani 

cal construction whereby the apparatus is 
readily assembled, or taken apart, rigid 
joints and cements are avoided, and sim 
plicity of construction is attained. . 
The nature of the invention and the 

the drawings, of which 
Figure 1 shows a completely assembled 

unit or apparatus of one style of construc 
tion: Fig.2 is a vertical section of a modi 
fied form of the same; Fig. 3 is a broken 
vertical section of an electrode element, with 
an exaggerated detail of the indentations in 
the dielectric and a section of the removable 
cap which seals the tube; Fig. 4 is a detail 
which shows a further method of joining 
and sealing the bottom edges of two concen 
tric glass tubes of an outer electrode ele 
ment: Fig. 5 is a shortened vertical section 
of a preferable form of an apparatus or unit 
with a modified sealing device or cap; Fig. 
6 is a vertical section showing two complete 
electrode elements, assembled with base and 
sealing cap to form a completely assembled 
apparatus; Fig. 7 is a horizontal cross-sec 
tion of Fig. 6 on the lines VII- VII; Fig. 
8 is a horizontal cross-section of Fig. 6 on 
the line VIII—VIII, and Fig. 9 is a plan 
view of the base. 
Throughout the drawings the same num 

bers are used in the main to designate simi 
lar parts. 

Referring to the outer electrode element, 
shown in Figs. 1 and 3, it will be seen that 
two tubes, preferably of glass, are employed 
which are preferably so proportioned and 
positioned with respect to each other that 
there is an annular uniform concentric space 

45 

1 between the walls of the tubes. In Fig. 
3 both tubes are closed at the bottom in a 
concentric, hemispherical form and the space 
between the tubes at the bottom is filled with 
a dielectri cement or lute 2, such as is pro 
duced by melting shellac or gilsonite, and 

50 

this dielectric filling or cement 2 extends to 
a horizontal line. 3 in the cylindrical por 
tion of the space. The inner tube 4 serves 
the purpose of a dielectric and may be of a 
suitable thickness, preferably of an inch. 

55 

Its outer surface, that is, its surface of 
greatest diameter, from a point at a line 3 to 
a line 5 mear the top of the tube, is previ 
ously roughened by submitting the surface 
to the action of hydrofluoric acid in some 

60 

form, or to the action of a fine sand blast. 
The outer tube 6 is expanded near the top 
into a cylindrical form of greater diameter 
than the main column of the tube. This 
forms a wide annular space or cup 6 open 

65 

at the top. The annular cylindrical space 
1, including a portion of the expanded annu 
lar space.8 formed by 6', is filled, from the 

wall 6 of the annular cup. 

1,130,827 

the line 5 at the top of the electrode element, 
with mercury or other conducting substance. 
This aproximately includes all that portion 
of the inner dielectric tube 4 which has been 
roughened. The open top of the cylindrical 
electrode element, above described, is closed 
by a cap 7, the main body of which is shown, 

top of the dielectric filling 2 from line 3 to 

70 

with suitable outlet and inlet connections; 
and this cap is made of any non-conducting, 
ozone-resisting material and its cylindrical 
portion is of a diameter which will allow it 
to enter the annular space at the top of the 
electrode element. This annular-cup is des 
ignated by 7, and the vertical cylindrical 
body of the cap by 9, and the height of the 

SO 

sides of the cap 7 is such that its lower edge 
rests upon the shoulder 10 at the bottom of 
the annular cup 8, and the cap 7 is held ap 
proximately in a position concentric with 
the dielectric tube 4 by points or teats 11 
placed at intervals around the lower edge of 
the cap. The mercury or other conducting 
substance in the annular space 1 extends up 
into the annular cup 6 to the line 5 and thus 
envelops the body 9 of the cap 7, and her 
metically closes the main body of the elec 

O 

trode element from the atmosphere. This cap 
7 and the cup 6', with the mercury or other 
fluid electrode, thus form a liquid seal her 
metically tight but readily broken by rais 
ing the cap vertically from position and 
thus giving immediate and easy access to 
the interior. Electrical connection from a 
source of high-tension, interrupted electri 
cal energy is made to the mercury electrode 
by means of a metallic wire or flat metallic 
strip 12; which strip is thrust into the mer 
cury through the annular space between the 
walls 9 of the sealing cap 7 and the outer 

This electrode 
element has been described in detail because 
it constitutes one of the main features of the 
invention. The ideal surface from which to 
secure a soft, uniform, non-arcing, high-ten 

of the points extends appreciably beyond 
this surface, beyond the other points, it es 
tablishes a point of free or violent discharge 
and the main discharge will take this path 
and form an arc. 
tube 4, I start with a smooth ?????????: plane surface, which when roughenéd, con 
tains an innumerable number of fine in 
dentations. The roughening need be only 
slight but should be uniform. The mercury 
or other conducting material which is highly 
mobile when poured into the annular, cylin 
drical space 1 takes the form of the indented 
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ision electrical discharge is one containing an 
innumerable, number of very fine points, all 
óf which points lie in a plane. If any one . 

In the glass dielectric 
20 
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surface 13 and forms an electrode with a dis 
charging surface consisting of an innumer 
able number of fine points, all of which lie 
in a plane, flat or cylindrical, with respect 
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to each other. The opposing surfaces of the 

5 

electrode and the dielectric are in intimate 
contact at every, point. This, intimate con 
tact at every point between the surfaces of 
the electrode and the dielectric, so as to pro 
vide the electrode with a plurality of fine 
discharge points, has never, to the knowl 
edge of the inventor, been employed before 

10 
and is of great importance, as the finely 
pointed surface, maintains a uniform elec 

- tric tension at all parts of the electrode. 
In Fig. 5 an inner electrode element of 

5 

similar construction is shown. In this case 
the outer tube 4 of the two concentric tubes 
becomes the dielectric tube and is etched on 
its inner surface, or surface of smallest 

20 

diameter 13. The inner or smaller tube 6 
is contracted cencentrically at the top so as 
to form an enlarged, concentric, cylindrical 
cup 6', which acts, with the fluid electrode, 
as a liquid seal, in the same manner as 
already described for the outer electrode 
tube, at 6'. A cylindrically shaped cap, 

closing 
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which will be described below, is inserted 
into this space 8 and the electrode material 
is brought up to a point, which incloses the 
lower edge of the cap 7, thus hermetically 

the interior of the inner electrode 
, element. 

Fig. 5 shows a highly 
construction and assembling of the inner and 

... outer electrode elements, of their top sealing 
caps and also of the electrical connections. 
In regard to the electrical connections, it 
will be noted that the wire or strip connec 
tion into the outer electrode is separated 
from the dielectric wall 4' by the side wall 
9 of the cap 7, and does not at all come into 
contact with the roughened surface of the 
dielectric wall 4. Likewise it will be seen that 
the inner wire connection 26 to the mercury 
electrode, enters an aperture in the neck 25. 
and passes downward within this glass neck, 
and enters the electrode liquid in the cup 
8 behind the wall 9 of the cap 7 and is 
thus separated from contact with the rough 

50 

ened wall of the dielectric tube. The two 
high-tension wire connections are thus sepa 
rated from each other by the glass walls of 
the caps and the pointed ends of the wire 
connections are kept from contact with the 

... dielectric walls. The danger of a free dis 
charging point being formed by the end of 
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the wire or other connector is thus avoided. 
The outer electrode element and its sealing 
cap is similar to the form shown in Fig. 3, 

...excepting for the method of joining the 
lower edges of the two concentric tubes, and 

: the method of roughening. In Fig. 3 the 
two concentric glass tubes are both closed at 
the bottom ends and then, after inserting the 
dielectric tube into the outer tube, the space 
at the bottom between the tubes up to the 
lower line of the electrode materialis filled 
with a non-conducting cement or lute 2, for 

£) 

?. 

the purpose of holding the tubes in relatiye 
position and to limit the lower edge of the 
electrode. In Fig. 5 the two concentric glass 
tubes of the electrode element are joined at 
the lower edge 14 at the point or line corre 
sponding to line 3 in Fig. 3 by fusing the 
glass edges and uniting them in a solid glass 
joint. The dielectric tube and the corre 
sponding, or complementary tube constitut 
ing the dielectric portion of the electrode 
element thus become one integral part. In 
stead of previously roughening the surface 
of the electrode tube before assembling, it is 
preferably roughened by filling the annular 
space 1 with a suitable etching acid until 
the proper roughening or frosting is pro 
duced. This method of forming a solid 
union, at the bottom between the two tubes 
of an electrode element is shown also at 14 
in Fig. 5, and at 15 and 15 in Fig. 6. 
In Fig. 4 another form of the method of 

joining the lower ends of the tubes of the 
outer electrode element is shown. The bot 
tom end of the inner tube, or dielectric tube 
16, is closed in hemispherical form, but the 
outer inclosing tube 17 ends in open cylin 
drical form at the lower line of the mercury 
electrode. The tubes are then spaced and 

? joined hermetically by a cap 18 of hard 
desirable method of rubber, fiber or other non-conducting mate 

rial, which serves to hold the tubes in con 
centric relation. This cap follows the con 
tour. of the tubes, forming a shoulder at the 
bottom edge of the outer tube with a verti 
cally projecting ring portion around the 
edge of the tube, and is held in permanent 
position by a rubber, water-glass, or other 
adhesive material. In Fig. 2 an outer elec 
'trode element is shown whose tubes. 19 and 
20 endinstraight cylindrical open form and 
are sealed or joined by being embedded in a 
non-conducting matrix or bed 44, such as 
may be produced by melting shellac or gil 
sonite, which enters the space between the 

- A conductor 
44' extends into the body of electrolyte be 
tween the tubes 19, 20, through the bed 44 
and the material sealing the space between 

tubes and closes said space. 

the bottom of the tubes, said conductor en tering the jar 32 through a plug 44 in an 
opening in the jar, and being incased in an 
insulating jacket of glass. 44. 
The cap 7 or sealing top for the outer 

electrode element has been partially de 
scribed in reference to Fig. 3. A full verti 
cal section of this cap is shown in Fig. 1. 
It consists of the already described main 
part or cylindrical body 9 of such a diame 
ter and depth as to enter the liquid seal cup 
8 or annular space in the top of the elec 
trode element, and to rest on the shoulder 
10 of the latter. This cap is closed by a 
dome-shaped top, at the center of which is 
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a vertical tubular extension or opening 21. . 
At one side of the center is another, opening 30 



to which is permanently attached, prefer 
ably as an integral part of the cap, a curved 
tube 22 which is bent into a semi-circle so 
that its outer end 23 is perpendicular to the 
horizontal. This end 23 is expanded to a 
greater diameter than that of the main part 
of the tube so as to enter the annular space 

"10 
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of a small liquid seal cup 24. This small 
sealing cup 24 is shown in Fig. 1 as being 
attached to a receiving vessel. Its construc 
tion is that usually employed for similar 
purposes in chemical or physical apparatus. 
In Fig. 6 this small liquid seal 24 is shown 
in connection with a pipe distributing de 
vice 25*. This cap, by virtue of the fact 
that the lower edge of the cap itself and the 
pipe connection 22 therefrom enter liquid 
seal cups freely in a vertical and parallel 
direction, can be easily removed at any time 
from position. The central tubulure or 
neck 21 is of somewhat larger internal di 
ameter than the neck 25 extending from the 
inner electrode element and passes freely 
over such neck or tube 25. The small annu 
lar space between such neck 25 and the tubu 
lure 21 is closed to the atmosphere by a 
washer 26 of suitable material, such as cork, 
felt, fiber, or asbestos cord. This washer 
26 is held in place, and the cap 7 is firmly. 
attached to the neck 25 by means of the split metallic ring or clamp. 27 surrounding the 
tubulure, and which also serves as a binding 
clamp for the electrical conductor leading 
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to the inner electrode element. This cap 
may be practically the same in every form 
of the apparatus illustrated, and is thus 
shown in Figs. 1, 2, 3, 4 and 6. 
In Fig.5: a second, inner cap 7 for the in 

ner electrode element is shown. This cap, 
like the large outer cap, consists of an en larged cylindrical portion 9 which dips 
into the annular electrode space 8 of the 
inner electrode element and thus hermeti 
cally seals the upper end of the inner tubu 
lar part of the electrode element. This ver 
tical cylindrical portion 9 is contracted into 
a central, smaller, vertical, tubular portion 
or neck 25 which extends upward through 
the neck 21' on the larger outer cap 7, and 
is sealed thereto and firmly held by the 
washer 26”, and clamp 27”. Electrical con 
nection is made to the inner mercury elec 
trode by passing a wire through a small ori 
fice26 in neck 25, and said wire extending 
downward through the interior of the neck 
into electrical connection with the electrode 
element. The outer end of this wire is 
clamped in place on the neck 25 by the split 
clamp 27. When it is desired to . 
cess to the interior of the electrode elements, the two caps 7 and 7, firmly joined to 
gether by the neck tubes 21 and 25 and by 
the washer 26 and clamp 27, by virtue of 
their vertical position in parallel in the 
large mercury seals 8 and 8, and in the 

C 
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small seal 24, shown in Fig. 1, can be lifted 
readily out of position. 
Three forms of inner electrode elements 

are shown in the drawings and that in Fig. 
5 has already been described. In Fig. 6 
the inner electrode element consists of dou 
ble concentric glass tubes, as in Fig. 5, but 
instead of ending at the top in an annular 
space for use as a liquid seal the inner of the 
two tubes is drawn out into a small tube or 
neck 25 which passes upward through the 
neck or tubulure 21 of the cap 7, and is 
firmly united therewith by the washers 26, 
26 and the split metallic clamp 27. 
Another form of inner electrode element is 

shown in Figs. 1 and 2, and in broken sec 
tion in Fig. 4. This consists of a straight 
cylindrical glass tube 28 contracted at the 
top into a small tubular neck 25 which neck 
enters the neck or tubulure 21 of the cap 7 
and is attached thereto by washers 26, and 
clamp 27. This tube 28 is lined on its in 
ner surface with a metallic foil, 29 attached 
thereto by means of an adhesive, such as 
lue, water-glass, or egg albumen. This 
orm of construction is made possible be 
cause I have found that the use of one 
roughened liquid electrode element is prac 
tically sufficient with its uniform finely 
pointed plane surface, to prevent arcing, 
and therefore, only the surface of the wall 4 
away from the air or gas space need be 
roughened, as clearly shown in Fig. 4. 
This form of construction is not so desir 
able as that in which the mercury electrode 
elements are used in pairs, but is cheaper to 
construct, although not so safe and reliable 
in use. ?? 
The method of making electrical connec 

tion to the mercury electrodes has already 
been described, but in the case of the inner 
electrode elements 28 contact is had by means 
of a wire 30 introduced through an aperture 
in the neck of the inner tube and ending 
within the tube in a ball or spherical basket 
of wire 31, whose sides are in spring contact. 
with the metallic foil 29, on the inner wall 
of the tube 28. In Fig. 2, this wire 30 is 
shown entering through the shellac or 
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other non-conducting seal or matrix 44 at 
the bottom of the tube. 
In Figs. 1 and 2 is shown an outer heavy 

glass cylinder 32 which serves for support 
and protection of the electrode elements and 
is also designed to be used in connection 
with a current of air. for cooling the ozone 
tubes proper. For this purpose the cylinder 
32 has an opening or tubulure 33 at its base 
and openings or vents 34 near its top. Air 
from any convenient source is caused to en 
ter at 33 and, passing around the electrode 
elements, it tends to carry of any heat that 
maybe generated by the electrical resistance 

passes through the out in the tubes and 
lets 34. 
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The preferable method of supporting the 
electrode elements is shown in Fig. 6 in 
which 35 is a cylindrical, hollow base or sup 
port of any suitable, non-conducting mate 
rial, such as insulating fiber, porcelain or 
glass. A plan view is shown in Fig. 9. The 
lower, inner cylindrical portion of this base 
is of a slightly larger diameter than the in 
ner electrode element, which it is intended to 
receive. As it is not possible to obtain blown 
glass parts of exact dimensions, washers 36 
of cork, fiber, or other suitable material are 
inserted within this space for the purpose of 
adjusting the height of the inner electrode 

5 

20 
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element and to serve as a support for it. 
Immediately under the electrode element is 
placed a special disk 37 which is radially 
slotted on the outer periphery so as to pro 
vide openings 38 under the edge of the inner 
electrode element or tube. In addition to 
this slotted disk 37 the walls of the cylindri 
cal space are grooved vertically so as to pro 
vide air passages 39. The upper inner por 
tion of the base is also of cylindrical, hol 
low form of a diameter slightly larger than 
that of the outer electrode element. On ac 
count of this opening being of larger di 
ameter than the lower space, a shoulder or 
ledge 40 is formed which serves to receive 
the lower end of the outer electrode element 
and to support it. To adjust this outer tube 
to height, washers 41 are inserted under the 
tube resting upon the ledge 40. On account 
of the fact. that the cylindrical openings in 
the base are concentric it will be seen that 
they serve to center the electrode elements 
so that the annular ozonizing space 42 will 

40 
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be of uniform thickness. 
In Fig. 6 is shown a complete unit or 

ozonizing set the parts of which have been 
already described. It consists of an inner 
and an outer electrode element, each of 
which consists of two concentric glass tubes 
sealed by fusion at their lower ends so as to 
close the annular space. The interior space 
or walls of these double glass tubes is rough 

50 

55 

tering action of the base 35 and the cap 7. 
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ened by an acid etching so that when the an 
nular cylindrical spaces in the electrode ele 
ments are filled with mercury or other con 
ducting material the opposing electrode sur 
faces will assume the shape of the rough 
ened glass surfaces with which the electrode 
material is in contact. The inner electrode 
tube is concentrically inserted within the 
outer larger electrode tube and the tubes are 
held in this concentric position by the cen 
It will be noted that the lower edge 15 of the 
inner electrode element extends below the 
lower edge 15 of the outer electrode ele 
ment; also that the lengths of the two tubes 
or electrode elements are such that when 
properly adjusted the top edge of the elec 

65 
trode material in the inner electrode tube is 
higher than the top edge of the electrode in 

5 

the outer electrode tube. Although I have 
removed all danger of sharp concentrated 
discharges by the use of the finely pointed 
electrode surfaces and by the fact that the 
upper and lower edges in the case of mer 
cury are naturally of rounded meniscus, 
this placing of the edges of the electrodes, 
not in opposition to the edge of the other 
electrode, but opposite to the plane surface, 
insures a softer discharge than if the dis 
charge was from edge to opposite edge. 
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The inner and outer electrode tubes are 
supported by the base 35 and are adjustable 
as to absolute and relative height by the 
washers 36 and 41. A conducting liquid 
having been filled into the electrode spaces to 
a sufficient height to engage the edges of the 
cap 7 or caps 7 and 7º, in Fig. 5, and mer 
cury, oil or water having been placed in the 
Small mercury or liquid seal 24, the appa 
ratus is sealed from the atmosphereby 
means of the caps with their connections. 
The washers 41 are preferably made of some 
soft material, such as cork, so that, when the 
bottom edge of the outer electrode element 
rests upon it, the washer will accommodate 
itself to any irregularities in the glass and 
thus make a tight joint. This object is fur 
thered by the fact that when mercury is used 
as an electrode it is heavy and exerts consid 
erable downward pressure. Electrical con 
nection having been made by wires 12 and 
12, dipping into the liquid electrodes of the 
inner and outer electrode elements respec 
tively and by cutting such wires into circuit 
with a source of high-tension, interrupted 
electrical energy, air or oxygen, in case it is 
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desired to generate ozone, are admitted to . 
the inner tube 25 under pressure. The gas 
passes down and through the tubular in 
terior of the inner electrode element and 
passes under its lower edge through the 
openings 38 in the disk 37, thence upward 
through the vertical grooves 39 in the walls 
of the base 35 to the annular ozonizing space 
42. In this annular cylindrical space, which 
is preferably about , of an inch wide, there 
is produced a silent electrical discharge 
which is manifested by its “ultra-violet' 
color. Unlike the discharge in other ozon 
izing apparatus, this high tension discharge 
or efluvia is so finely and uniformly dif 
fused that no trace whatever of disruptive. 
or “stringy discharge can be detected. The 
ozone efficiency is extremely high for this 
reason and for the reason that the appara 
tus, when run continuously for long periods, 
reaches a maximum temperature that is only . 
slightly apparent to the touch. This is a 
very important advantage as it not only 
increases the ozone production but also indi 
cates a high electrical efficiency. The air or 
gas after passing upward through the ozon 
izing space 42 escapes into the space 43 
under the dome of the cap 7, and thence, by 
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means of the curved pipe 22, passes through 
the liquid seal connection 24 to a re 
ceiving vessel or to a system of distributing 
pipes 25°. 
The apparatus as shown fully in Fig. 6 

and the separate electrode elements, as 
shown in Figs. 3 and 5, if used entirely with 
out the roughening of the dielectric surface, 
will serve for the purpose specified and 
forms a modified form which it is unneces 
sary to illustrate in the drawings, as this 
modified form is the same in every other 
respect as that shown excepting in the omis 
ision of the roughening. This style is not, 
however, the preferable form. 
The inventor does not limit himself to the 

exact construction shown, as other forms 
than cylindrical tubes may be desirable, as, 
for example, flat etched glass trays filled 
with a liquid electrode in contact with the 
glass surface and a series of such trays ar 
ranged or assembled horizontally in pairs 
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and connected alternately with the positive 
and negative sides of a high-tension electri 
cal source of energy, or flattened box-shaped 
glass vessels etched on the interior surfaces 
and filled with mercury or other conducting 
liquid may constitute the electrode elements 
and such electrode elements be arranged in 
vertical parallel position. Likewise, in Figs. 
1, 2 and 4, are shown etched fluid-electrode 
outer elements withinner electrode elements 
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within the base and the top caps then be 
45 

of a single glass tube coated with a metallic 
foil. This arrangement is equally effective 
if the foil-coated electrode element is used as 
the outer one and the etched fluid-electrode 
element is employed as the inner one, and 
this arrangement is employed by the in 
ventor. 

In the drawings the inlet and outlet for 
the air or gas and the ozonized product are 
shown only at the top. It is sometimes pref 
erable to put both openings at the bottom 
come merely plain sealing caps. It is also 
sometimes convenient to place one opening 
at the top, and one at the bottom with suit 
able arrangement for distributing the air 
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or gas. The preferable arrangement is 
shown in the drawings but these alternate 
methods are within the scope of the inven 
tion. . . 

If mercury is used as the electrode ma 
terial, it is not necessary to have it extend 
entirely to the top in the sealing cup but a 
paraffin oil or glycerin or other non-con 
ducting, difficultly oxidizable fluid may be 
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employed to form the sealing fluid, as shown 
at 45 in Fig. 1. 
While I have described the electrode 

part, as corisisting of mercury or other con 
ducting liquid, it may consist of an easily 
fusible metal cast in contact with the finely 
indented surface of the dielectric, or of an 

a 
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amalgam composition. In the use of a con 
ducting liquid as the electrode other than 
mercury I preferably employ water acidu 
lated with sulfuric acid. 
What I claim and desire to secure by Let 

ters Patent of the United States is:- 
1. An electrode element consisting of two 

concentrically positioned glass tubes sepa 
rated by an annular space closed at one end, 
one of which tubes is roughened on the inner 
surface, and a liquid electrode contained 
within the annular space, and in contact 
with the roughened surface. 

2. An electrode element consisting of an 
annular double walled cylindrical glass ves 
sel, and aliquid conductor within the an 
nular spacing, one of said walls constituting 
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a dielectric part and the liquid conductor 
the electrode part. 

3. An electrode element consisting of an 
annular double walled cylindrical glass ves 
sel, and a body of mercury within the an 
nular spacing, one of said walls constituting 
the dielectric part and the mercury the elec 
trode part. 

4. An electrode element consisting of a 
roughened dielectric plate, a parallel inclos 
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ing part and an inclosed fluid electrode part 
in contact with the roughened surface of the 
dielectric, said electrode part entering the 
indentations of said roughened surface to 
provide said electrode with a plurality of 
fine discharge points. 

5. A fluid electrode containing vessel con 
sisting of two concentrically positioned glass 
cylinders separated by an annular space 
closed at one send and having one of the 
inner annular surfaces roughened. 

6. An annular, cylindrical, fluid-electrode . . 
containing vessel, permanently closed at one 
end, made of dielectric material, and having 
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its inner annular surfaces roughened by acid 
etching or its equivalent. - 

7. An electrode element comprising con 
centric dielectric shells, spaced from each 
other, one of the same having a roughened 
surface, and a body of mercury inclosed in 
the space between the said shells and enter 
ing the roughened surface whereby the mer 
cury is provided with a plurality of fine dis 
charge points. . " . t 

8. An electrode element comprising con 
centric cylindrical dielectric shells separated 
by an annular space, the inner surface of one of 
the dielectrics being roughened, and a body of 

id conductive material confined within 
the said annular space and entering the in 
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dentations of the roughened surface where- . 
by said material is provided with a plurality 
of fine discharge points. 

9. An electrode element comprising con: centric hollow dielectries spaced from each. 
other, a liquid conductive materialeonfined 
in "said space, the surface of one of the "di 
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electrics defining said space being rough 
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ened, whereby the said material is provided 
with a plurality of fine discharge points. 

10. In an ozonizing apparatus, electrodes 
Spaced from each other to provide an air 
gap, one of Said electrodes comprising a di 
-electric having its surface away from the air 
gap roughened to provide finely divided in 
dentations, and a conducting body applied to 
said roughened surface and entering said in 
dentations to form a discharge surface con 
taining a plurality of fine points directed to 
ward said air gap. 

11. In an ozonizing apparatus, electrodes 
spaced from each other to provide an air 
gap, one of said electrodes having a surface 
toward the air gap roughened to provide 
finely divided indentations, and a fluid con 
ducting body applied to said roughened sur 
face and entering said indentations to form 
a discharge surface containing a plurality of 
fine points directed toward said air gap. 

12. In an ozonizing apparatus, electrodes 
spaced apart from each other in parallel re 
lation to provide an air gap, one of said 
electrodes having a surface toward the air 
gap roughened to provide finely divided in 
dentations, and a fluid conducting body ap plied to Said roughened surface and entering 
said indentations to form a discharge sur 
face containing a plurality of fine points di 
rected toward said air gap. 

13. An ozonizing apparatus comprising 
concentric cylindrical dielectrics spaced by 
an annular space, the inner surface of the 
illner dielectric being roughened, and a body 
of liquid conducting material applied to said 
roughened surface and entering the indenta 
tions thereof, whereby the said material is 
provided with a plurality of fine discharge 
points directed toward the said annular 
sace. s - 

14. An Ozonizing apparatus comprising 
inner and outer- hollow electrodes spaced 
from each other, one of said electrodes con 
sisting of a double walled, dielectric vessel 
having one of its inner surfaces roughened, 
a liquid conducting material in the space be 
tween said walls, and means for permitting 
air or gas to flow through the space between 
the electrode elements. 

15. An annular cylindrical vessel of a di 
electric material for containing a fluid elec 
trode, the annular walls of which are closed 
at the bottom, and one of the inclosed sur faces being roughened. 

16. In an ozonizing apparatus, tubular 
electrodes arranged one within the other and 
spaced from each other to form an air gap, 
one of said electrodes comprising a dielectric 
having its surface away from the air gap 
roughened to provide fine indentations, and 
a conducting body applied to said roughened 
surface and entering said indentations to 

form a discharge surface containing a plu 
rality of fine points. 

17. In an ozonizing apparatus, tubular 
concentric electrodes arranged, one within 
the other and spaced from each other to 
form an air gap, one of said electrodes com 
prising a dielectric having its surface away 
from the air gap roughened to provide fine 
indentations, and a conducting body applied 
to said roughened surface and entering said 
indentations to form a discharge surface 
containing a plurality of fine points. 

18. An ozonizing apparatus comprising 
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inner and outer hollow concentric electrodes 
Spaced from each-other, and means for caus 
ing a current of air or gas to pass through 
the hollow inner electrode and the space 
between said electrodes, said means consist 
ing of a base having passages connecting the 
interior of the inner electrode with said space. 

19. An ozonizing apparatus comprising 
inner and outer hollow concentric electrode 
elements spaced from each other, one of 
said electrode elements consisting of a double 
walled dielectric. having one of its interior 
surfaces roughened, a liquid conductive ma 
terial in the space between said walls, and 
means for causing a circulation of air or gas 
through said inner electrode and the space. 
between it and the outer electrode. 

20. An ozonizing apparatus comprising 
inner and outer hollow concentric electrode 
elements spaced from each other, one of said 
electrode elements consisting of a double 
walled dielectric having one of its interior 
surfaces roughened, a liquid conductive ma 
terial in the space between Sald walls, means 
for admitting air or gas to the interior of 
the inner electrode, means for causing it to 
flow through the space between the electrode 
elements and an outlet. - - 

21. An ozonizing apparatus comprising 
inner and outer hollow concentric electrode 
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elements spaced from each other, one of 
said electrode elements consisting of a 
double walled dielectric having one of its 
interior surfaces roughened, a liquid con 
ductive material in the space between said 
walls, an inlet to the interior of the inner 
electrode element, and an outlet from Said 
space between the electrode elements. 

22. An annular, cylindrical electrode ves 
sel of a dielectric material for containing a 
fluid electrode, the annular walls of which are closed at the bottom by autogenous fu 
sion and are roughened upon the annular 
inclosed surfaces. ' .. ' 

23. An annular, cylindrical, fluid-elec 
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trode containing vessel, closed at the bot 
tom, with concentric opposing walls, rough 
ened as to one of their inner surfaces, and 125 
one of whose walls is expanded in a con 
centric cylindrical manner at the top to 
form an annular cup. 
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24. A cylindrical liquid electrode element, 
consisting of two concentric, dielectric 
walls, one of which walls is roughened on 
its inner surface, and one of which walls is 
expanded at the top 
a liquid electrode within the annular space 
and extending into the annular cup and a 
non-conducting cap or cover dipping into 
the liquid in the cup. 

25. A cylindrical, double walled, dielec 
tric vessel of annular shape, closed at the 
lower annular opening, and one of whose 
walls is concentrically expanded at the 
upper end into an annular cup, one of said 
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walls being roughened on its inner surface, 
a liquid electrode within the roughened an 
nular space and extending into the annular 
cup, a dome-shaped cap positioned within 
the annular cup and dipping into the liquid 
therein to form a liquid seal, Said cap hav 
ing a central tubular opening and an eccen 
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tric tubular opening. 
26. An ozonizing electrode element with 

annular walls, one of which is roughened 
on its inner surface, an annular liquid seal 
ing cup, a liquid electrode in contact with 
the roughened walls and extending into the 
annular cup, and a dome-shaped sealing 
cap, having a central tubulated opening and 
an eccentrically attached curved pipe con 
nection ending in an expanded end por 
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tion, the cylindrical walls of the cap and 
of the expanded end portion being parallel 
and extending downwardly in a direction 
perpendicular to the horizontal. 

27. An ozonizing electrode element with 
annular dielectric walls, one of which is 
roughened on its inner surface, an annular 
liquid-seal cup, a fluid electrode in contact 
with the roughened wall and extending into 
the liquid-seal cup, and a dome-shaped seal 
ing cap, having one central tubulated open 
ing and an eccentrically attached curved 
pipe connection ending in an expanded end 
portion, and the cylindrical walls of the cap 
and of the expanded end portion being par 
allel and extending downwardly in a di 
rection perpendicular to the horizontal, and 
a separate, annular-shaped, liquid-seal cup 
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into the annular space of which, filled with 
liquid, the expanded end of the curved pipe 
dips, and makes hermetic union with a dis 
tributing or collecting apparatus. 

28. In combination, an ozonizing element, 
consisting of an annular cylindrical dielec 
tric vessel, one of the walls of which is 
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roughened on its inner surface, and one of 
whose walls at the top is expanded concen 
trically to form an annular liquid-seal cup, 
a fluid electrode part within the annular 
space, and a fluid sealing part within the 
annular cup, a tubulated dome-shaped seal 
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ing cap of a non-conducting material posi 
tioned within the sealing cup and a metallic: 
electrical conductor inserted into the elec 

into an annular cup, 
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trode part between the outer wall of the 
sealing cup and the wall of the sealing cap 
and separated from the dielectric discharg 
ing wall by the wall of said cap. 

29. An ozonizing electrode containing 
vessel consisting of concentric, cylindrical 
dielectric walls, the inner surface of one of 
the walls of which is roughened, and which 
walls are closed or sealed with respect to 
the lower annular opening, and having the 
inner or smaller tubular wall contracted at 
its top portion into a central, vertically ex 
tending tube of smaller diameter. 

30. An electrode element for an ozonizing 
apparatus consisting of an annular, cylin 
drical double walled dielectric vessel, one of 
the walls of which is roughened as to its in 
ner surface, and having a contracted tubular 
vertical extension of the walls of the Smaller 
inner tube, a fluid electrode part within the 
walls of the annular space and in intimate 
contact with the roughened surface, and a 
solid metallic electric conducting part held 
in position on the contracted tubular part of 
the dielectric tube by means of a binding 
clamp- and extending into the liquid elec 
trode. 

31. An inner electrode containing vessel 
consisting of cylindrical concentric dielec 
tric walls one of which is roughened as to 
its inner surface, closed as to the annular 
opening at one end, and expanded into an 
annular, cup-shaped part at the other end 
by a cylindrical, concentric contraction of 
the inner wall. 

32. An ozonizing electrode element con 
sisting of an annular cylindrical dielectric 
vesselroughened as to the innersurface of one 
of its walls, expanded at its top by a con 
centric, cylindrical contraction of its wall of 
smaller diameter into a cup-shaped annu 
lar part and a liquid electrode part within 
the annular space and in intimate contact 
with the roughened dielectric, wall. 

33. In combination, an inner liquid-elec 
trode element, consisting of an annular, 
double-walled, cylindrical, dielectric vessel, 
roughened as to one of its inner surfaces, 
closed at the bottom end as to its annular 
space, with an expansion at the top end of 
its annular space into an annular, cup 
shaped part, a dome-shaped sealing cap hav 
ing a central contracted tubular opening 
and fitting freely into the annular cup shaped part, a liquid-electrode part con 
tained within the annular space and in in 
timate contact with the roughened dielectric 
wall and extending into the annular cup 
shaped part and inclosing the lower edge of 
the sealing cap, and a metallic conducting 
part, attached to the contracted tubular part 
of the sealing cap, passing within the tubu 
lar part and extending downwardly within 
the tubulated cap and making electrical 
contact with the liquid electrode part at a 
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point separated from the discharging di 
electric wall by the vertical wall of the seal ing cap. 
34. An ozonizingelectrode element consist 

ing of a dielectric cylindrical part with a 
central contracted tubular extension, an 
electrode part consisting of a conducting 
body applied to one of the surfaces of the 
main cylindrical part, in combination with 
a roughened liquid-electrode containing ele 
ment positioned concentrically with regard 
to first named electrode element on the side 
opposite the latter's dielectric part. 

35. In combination with the inner and 
outer annular, cylindrical, liquid-electrode 
elements a base of non-conducting material 
in the form of a vertical cup, having an in 
terior bore of vertical cylindrical shape of 
two diameters, the lower portion being of a 
diameter greater than the outer diameter of 
the inner electrode element and the upper 
portion of a diameter greater than the outer 
diameter of the outer electrode element, the 
cylindrical portions having a common verti. 
cal axis, the concentric walls serving to po 
sition the electrode elements in concentric re 
lation, grooves in the inner wall of the 
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smaller cylindrical portion, disks of non 
conducting material within the smaller cy 
lindrical portion and a disk of non-conduct ing material slotted at its periphery placed 
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between the spacing disks and under the 
edge of the inner electrode element, and ring washers of non-conducting material 
positioned under the bottom edge of the 
outer electrode element serving to adjust it 
vertically and to seal the inner chamber of 
the electrode elements from the atmosphere. 

36. An ozonizing apparatus or unit con 
sisting of an outer annular-shaped, double 
walled dielectric vessel, roughened on its in 
ner surfaces, and expanded at its top into 
an annular cup, a dome-shaped cap with 
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side walls, positioned within the annular 
cup and with a vertical tubulure and an ec 
centrically placed curved tubular outlet 
which ends in an expanded portion extend 
ing downward into an annular cup forming 
a seal device, a seal cup joining the curved 
tubular opening to a receiving device, a 
liquid-electrode part in the roughened an 
nular space in the dielectric part and ex 
tending into said annular cup of said part 
to seal the edge of the dome-shaped cap, a 
metallic connecting part from a source of 
electrical energy extending into the liquid 
electrode part between the outer wall of the 
annular dielectric cup and the wall of the 
tubulated Sealing cap, an inner annular 
shaped double-walled dielectric vessel po 
sitioned concentrically with regard to the 
outer electrode element and roughened as 
to one of its inner surfaces, and contracted 
and extended vertically upward with re 
spect to its inner wall into a tubular part 

extending through the central tubulure of 
the sealing cap of the outer, dielectric ele 
ment, means for hermetically sealing the 
opening between - the neck of the inner di 
electric part and the tubulure of the seal 
ing cap of the outer dielectric part, a bind. ing clamp uniting the cap to said neck, and 
a metallic conducting part connecting the 
binding clamp with the inner electrode ele 
ment, and an inner liquid electrode part 
filling the annular, roughened dielectric 
part and in intimate contact with its rough 
ened wall, and a non-conducting base cen 
tering the electrode elements in the form of 
a cylindrical cup, the lower portion of the 
base having a diameter greater than the 
outer diameter of the inner electrode ele 
ment and the upper portion of the base hav 
ing a diameter greater than the outer di 
ameter of the outer electrode element, both 
cylindrical portions having a common ver 
tical axis, grooves in the wall of the smaller 
cylindrical portion, spacing washers for ad 
justing the height of the inner electrode ele 
ment, and a disk of non-conducting material 
under the bottom edge of the inner elec 
trode element and having peripheral open 
ings whereby a free passage is formed from 
the central tubular portion of the inner di 
electric element under its edge to the verti 
cal corrugations of the wall of the base and 
thence into the annular space between the 
inner and outer electrode elements, and ring 
washers of soft non-conducting material 
under the edge of the outer electrode ele 
ment to adjust it as to height and to seal the 
inner space from the atmosphere. 

37. An apparatus for producing ozone 
comprising inner and outer electrode ele 
ments, concentrically positioned, the outer. 
electrode element consisting of an annular, 
cylindrical dielectric vessel, roughened as to 
one of its inner surfaces, expanded at its 
top into a liquid sealing part and having in 
its annular space a liquid electrode, an in 
ner, electrode element, consisting of an an 
nular, cylindrical dielectrical vessel, rough 
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ened as to its inner surfaces, and expanded 
as to its top into a sealing part and having 
in its annular space a liquid electrode part; 
a supporting and sealing base of a non-con 115 
ducting material having a cylindrical in 
terior portion of two diameters, the part of 
smaller diameter supporting the inner elec 
trode element, and the part of greater di 
ameter supporting the outer electrode ele 
ment, grooved passages within the base 
from the inner tubular portion of the inner 
electrode element to the annular vertical 
space between the two electrode elements; a 
cap of non-conducting material with an up 
wardly-extending tubular opening and po 
sitioned in the annular sealing cup of the 
inner electrode element; a cap of non-con 
ducting material positioned in the annular 
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sealing cup of the outer electrode element 
and having a tubulure engaging the tubular 
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extension of the inner cap and being at 
tached hermetically thereto and having a 
second tubular opening to connection with 
an external liquid-seal cup; metallic con 
ductors in electrical connection with the liquid-electrodes in the liquid seal parts of 
the electrode elements separated from the 
discharging dielectric walls by the respec 
tive walls of the sealing caps. 

88. An ozonizing apparatus comprising an 
annular, cylindrical dielectric vessel rough 
ened as to one of its inner surfaces, and con 
taining a liquid-electrode part and an elec 
trical connection therewith, forming one 
electrode element, and a second concentri cally positioned électrode élement consisting 
of a cylindrical dielectric part and a con 
ducting body applied to the dielectric part 
and an electrical connection therewith, and 
means for closing and assembling such elec 
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trode parts so that gas or air-niay be passed 
through the annular space between the elec 
trode elements. ? 

39. In an ozonizing apparatus, the combi 
nation of concentric electrode elements, and 
means for separating the same from each 
other and from the atmosphere, consisting 
of a liquid seal inclosing said elements. 

40. In an ozonizing apparatus, the combi. 
nation of concentric electrode elements, and 
means for separating the same from each 
other and from the atmosphere, consisting 
of concentric liquid seals inclosing-said elle 
ments. 

In testimony whereof I have hereunto. 
signed my name in the presence of two sub 
scribing witnesses. ? 

WILLIAM JOHN KNOX. 
Witnesses: 

M. E. MocNINCH, 
C. G. HEYILMUN. 
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