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UNITED STATES PA {ENT OFFICE.

ISAAC H. LEVIN, OF NEWARK, NEW JERSEY, ASSIGNOR T0 INTERNATIONAL GXYGEN
) COMPANY, A CORPORATION OF NEW JERSEY.

ELECTROLYTIC APPARATUS.

1,094,728,

Specification of Letters Patent.

Patented Apr. 28, 1914,

Application filed May 9, 1918. Se_ria] No. 766,469,

7o all whom it may concern.:
Be it known that I, Isaac H. Leviy, 2
citizen of the United States, residing at

- Newark, in the county of Essex and State

10

15

‘20

of New Jersey, have invented certain new
and useful Improvements in Electrolytic
Apparatus, of which the following is a speci-
fication, reference. being had therein to the
aceompanying drawings, which form a part
thereof. :

My invention relates to electrolytic appa-
ratus, and more particularly to a type of
diaphragm apparatus especially adapted for
use in dissociating the oxygen and hydro-
gen entering into an electrolyte. :

The main object of the invention is to”
provide a multiple cell electrolytic apparatus
wherein the oxygen and hydrogen produced
will be prevented from 'mixing in the appa-
ratus and wherein the electrolyte adjacent

.. the anoae and that adjacent the cathode will
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be prevented from commingling in a man-
ner to avoid the carrying of gas from adja-
cent the anode o adjacent the. cathode, or
vice versa.

A further object is to provide an appara-
tus of this character wherein an equal pres-
sure_of the oxygen and the hydrogen in
the device will be :‘xntomaﬁ‘c‘ally maintained.

A still further object is to previde an ap-
paratus of this character wherein the pres-
suras upon opposite sides of the diaphragm
will always be the same and a slow circula-
tion will bé maintained, thus avoiding dis-
tortion or disruption of the diaphragm
which would result from unequal pressures,
or.too rapid a circulation.

- A still further object is to provide an ap-
paratus of this character wherein electrolyte
is automatically supplied to the various
cells, and a constant level of said- electrolyte
will be maintained, irrespective of the level

in the eiectrolyte reservoir,

A stil] further object is to provide an ap-
paratus of this character having electrodes
grouped wpon opposite sides of the elec-
trolyle chamber or tank and gas domes
wherein any electrode may be assembled
upon either side of the electrolyte chamber .
or tank, and wherein the number of elec-
trodes may be increased or diminished as
destred. said electrodes béing stendardized
or capable of Tusertion af any point in the,

- apparatus. :

"A sl Purther object is to provide an

electrolytic apparatus wherein the efficiency
of the apparatus will be raised by so con-
structing and arranging the electrodes as
to avoid deterioration thereof through cor-
rosion. A
A still further object is to so construct the

-electrodes as to minimize resistance to the

electric current at the anode or cathode, thus
increasing the effective decomposition of the
electrolyte with a current of low. voltage and
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minimize the necessity for excess voltage .

over that required in decomposing the elec-
trolyte. And a still further object is to

provide an apparatus of this character -

wliichis capable of producing - practically
pure -hydrogen and practically pure oxy-
gen, and. of heing operated cohtinuous{y
without requiring special attention,’ and
without a likelihood of a loss of efficiency
or of the apparatus becoming inoperative.

The invention consists in the novel fea-
tures of construction and combination of
parts hereinafter set fepth and described,
and more particularly pointed out in the
claims ‘hereto apvended.

Referring to the drawings:—TFigure 1 is
a perspective view of an electrolytic appa-
ratus embodying my invention. partly
broken away; Fig. 2 is a vertical section
through the gas domes-and the electrolyte
chamber; ¥ig. %sis an elevation of one of the
elecirodes; Iig. 4 is a section on the line 4—4
of Fig. 8; Fig. 5s a section on the line 5—5

of Fig. 8; Fig. 6 is a seetion on the line 6—26.

of Fig. 3; and Fig. 7 is a view of two ad-
joining electrodes, said electrodes being
shown on a section corresponding to the line
7—7 of Fig. 3, the diaphragm and gaskets
being shown in place between said electrodes.

Like letters refer to like parts throughout
the several views. .

In the embodiment of my invention shown.
in the drawings, I employ a tank or reser-
voir a, divided inta two similar compart-
ments &.c by the partition d, the lower end
of which projects into an open irough e
leaving a space below said partition throagh
which one compariment is placed in com-
munication with the other. The projecting
walls of the trough ¢ extend above the bot-
tom of the partition d to an extent sufficient
to prevent hydrogen bubbles passing from
one compartment or chamber to the other
beneath zaid partition. :

Leading from the compartments & and ¢ !
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~ ing open bottoms or other means of connec-
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jt enters the upper portion of this chamber,

" mounted by

- of the diaphragn.

and adjacent the bottom thereof are the out-
let openings " ¢’ through which electrolyte
contained in said reservoir or tank is adapt-
ed to flow to the various cells. The lower |
portion of the compartments or chambers
b ¢ is constricted as shown, and the upper
portion thereof 1s extended to form the sur--
faces b? ¢* the function of which, as will be
more fully described hereinafter, is to retard
the flow of, and agitate the electrolyte con-
taining the oxygen and hydrogen bubbles as

thus aiding in separating these gases from
the electrolyte and preventing their being
carried toward the outlet  openings b
These surfaces b? ¢ have thereon respec-
tively baffles b* ¢ which may be, and pref-
erably are, used for preventing the . forma-
tion of a stream of the fluid containing the
gos. The compartments b ¢ are open at the
top and surmounting the tank or reservoir @
are two noncommunicating domes { g hav-

tion with said chambers or compartments
b ¢. Watertight joints are formed between
the tank or reservoir and the domes in any
desired manner. The domes f g are pro-
vided respectively with sight gages I
and with gas offtake ducts f* 9° communicat-
ing with the upper portion thereof. »
Toxteriorly of the tank or reservoir a ad-
jacent the bottom thereof, as shown in Fig.
1, is a combined feed and drain pipe A sur-
a feed tank &, a drain cock j
being provided in the length of the pipe %
‘and preferably -at the lowest level thereof.
This féd tank 4has the twofold function of
being capable of utilization for filling the
tank, a, and the various cells, and in alding
to equalize pressures throughout the ap-
aratus. : , ,
The domes f and ¢ are each provided . with
a gas inlet duct f* g% the discharge end of
which is presented downwardly toward and
above the surface b? ¢* in' the compartments

- frames or. rims o

"the ports f* g* in the domes

for a packing gasket, as ' 0%,

b o, and spaced slightly away therefrom.
The intake port f* ¢* of each said inlet duet |
is adapted to be connected with the various
clectrodes in the manner to be hereinafter
deseribed. The arrangement of the inlets is
such that there will be an automatic. equal-
jzation of the pressure upon opposite sides
of each cell so 23 to avoid
. oo rapid circulation of the electrolytid
fluid through said diaphragm, with such
resultant disruption thereof as would per-
mit the gas to pass from adjacent the anode
to adjacent the cathode. or tha commingling
of the gases generated upon opposite sides
of said diapbragm. :
The outer faces of the end walls of the
tank a are machined so as to form a proper
facing against which anelectrode frame may

bear and be attached, and suitable tie rod
openings o’ are provided in side flanges on |

| clectrolyte adjacent
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| said tank by means of which ihe electrodes

may be secured iu position velative to said
tank. - _ .
Grouped upon opposite sides of the tank <
is a plurality of electrodes, the abutting
f which form a series o
electrolytic cells, each of which is adapted
to receive a supply of electrolyte from the
feed tank a. .
" The number of clectrodes wsed may be in-
creased ov diminished as desirved, and as all
of the electrodes arc alike in’ construction,
and each cell is formed in the same manner,
a description of bat one electrode and of the
construction of but one cell will be entered
nto. B

Tach electrode comprises a_frame hav-
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ing secured thercto or formed therewith in

a manner to prevent the passage of the elec-
trolyte thereabout, o metallic plate m so set
within said frame as to cause said; plate and
the plate of an adjoining electrode to be
spaced apart sufficiently to form a chamber
or cell therebetween. The frame I is pro-
vided with a projection 4" at the top. thereof,
having a plurality of openings n ¢, com-

Gii

municating by means of the ducts n” o re-’

spectively, with opposite sides of the platé
m. The lug or projection &’ extends beyond
the perimeter or outer cdge of the frame &'
<o that any leakage frem the openings 7 0
will be into atmosphere and hence readily
detected. The apenings » 0 4re S0 arranged
that they are adapted to register. with simi-
Jar openings in other frames % to form a
continuous diict by means of which eom-
munication is established between that poi-
tion of each cell-adjacent the anode and that

ortion of each cell adjacent the cathode, or
Eétween opposite sides of the plate m, and
f and g respec-
tively. About cacly opening # o the projec-
tion or lug 4 shas formed therein a seat n° o
i The bottom
of each frame % is provided svith a plurality
p ¢ preferably arranged in a
lug %* similar to the lug %,
belng in communication with
the plate m through the
¢ are aﬁapt'ed

of openings
projection or
said openings
oppo-ite sides of
duets p” ¢’ The openings P

a5
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to register with-similap openings in adjoin- .

ing lugs, and to form therewith a con(;_imr_)x{s
duct adapted to be in cOMMUIICA 10n
through the ports o’ ¢ with the compart-
ments or chambers b ¢ respectively so as to

convey: the electrolyte from said compart-

ments or chambers respectively to adjacent
the anode or adjacent the cathode of each
¢ell. By this construction: each cell is sup-
plied with the electrolyte from the ‘tank a
under conditions which will prevent & com-
mingling of that portion of the electrolyte
whincent the anode with that portion of the
the cathode through

the sapply duct. In other words, that por-
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tion of the electrolyte adjacent to the anode
will be supplied through a duct communi-
cating only with the spacé adjacent the vari-

oux anodes and from s chamber or compart- |

ment through which only the oxygen passes,
while that portion adjacent the cathode re-

ceives its supply of electrolyte through a

dact communicating only with the space ad-

jacent the various cathodes and from a

chamber wherein the hydrogen is delivered,
both ducts drawing their supply of  elec-
trolyte from a point of the tank ¢ which
will preclude the possibility of hydrogen
being delivered through one duct-to adjacent
the anode, and oxygen: bubbles being de-
livered through said other duct to adjacent
the cathode.”

That porfion of the frame % adjacent each
opening p ¢ is provided with at least one
conntersunk,gasket seat p? ¢* for the gaskets
7* ¢ used 1n forming a continyous water-
tight joint between adjoining electrodes.

" Seated between each frame % .and the

~ frame % of the adjoining electrode, is a dia-

25

30

phragm », preferably composed of asbestos
or any other suitable material permeable to
the electrolyte, the edge of which diaphragm
insulates and seals the inner edge or perime-
ter of said frames, forming both a water and
was tight joint. If desired, packing other
than the diaphragm may be used %or the
purpose of forming this joint.- o

Al of the electrodes in a-battery are firmly
clamped and positioned by means of the in-
sulating clamp bars s and tie rod £ passing

" through or sgated in the openings &’ in the

40

tank @, the ‘éntire battery being insulated
from ground by snitable supports asu.

‘To secure the maximum surface in the
plates m, I use’corrugated sheets of rolled or

- cast metal as shown, and the thickness of

these plates relative to that of the frames &
1s such as to bring them as close together as
possible to reduce the internal resistance of
each cell. The peaks of the corrugations
will tend to prevent such a distortion of the
diaphragm as would bring it in contact
with the surface of the plate, but to insure

" against any possibility of such distortion, I

55

provide the surface of each plate with a plu-

rality of projections m’. To insure the cir-
culation of the electrolyte about all portions
of the faces of each plate, I cut away each
corrugation, which cut away portions are
indicated at %, in.a manner to permit the
electrolyie to pass from one side-of each cor-

© ragation to the other side thereof. If de-

60

sived, the entire face.of edch plate m on both”

sides thereof may have g #ire mesh extend-
‘e over samie, which mesh’is indicated at m?
in the drawings: This niesh while increas-
ing the, efficiency of each cell may be dis-
nersed with 1f desired as the apparatns is

* bighly efficient without the use of such.

30

In operating an electrolytic apparatus of

-as herein described, I

R

the character herein described, it has been

found that the voltage of.-the current used .

must always be in excess of the theoretical

resistance of the cell, this excess voltage be- -

"ing ‘probably required because of surface

resistance at the electrodes. MWhile with
electrodes of similar metal, high efliciency
can be secured in any apparatus constructed
ave found that by
using an anode and a, cathode of dissimilar
metals, or having dissimilar metalized sur-
faces, I can secure greater economy in the
operation of the apparatus, or higher capac-
ity with a given voltage. In actual prac-
tice, T have found that a nickel surface for
the anode and an iron surface for the cath-
ode produce the best results, and so far as
experiments have been able to determine,
an iron plate 7 having one surface thereof
electro-plated with nickel is quite as efficient
as a laminated plate m, consisting of an iron
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sheet and 8 nickel shest associated in the .

frame %#. Hence I prefer to use a bi-polar
electrode wherein that portion forming the
anode indicated at v in the drawings pre-
sents ‘s nickel surface, and that portion
forming the cathode indicated at w pre-
sents an iron surface. It is not my intention
to claim in this application the specific con-
struction of the electrode as to the dissimilar
metals- employed, such being the ‘subject
matter of a separate application filed by me
February 26, 1914, Serial No. 821,126,

In the accompanying drawings, I have
indicated the leads from the mains at , the
ammeter at A, the voltmeter at V, the switch
at S and the conductors in electrical con-
nection with the terminals of the battery
at C ¢, :

The operation of the herein described elec-
trolytic apparatus is substantially as fol-
lows:—A battery of cells having been as-
sembled in the manner shown in the draw-
ing, the electric current is passed: through
said cells, the electrolyte being decomposed
in the usual and well-known manner to free
the oxygen and hydrogen, the former ac-

- cumulating in the form of bubbles on the

surface of the anode, and the latter accumu-
lating in the form of bitbbles on the siurface
of the cathode, these bubbles ultimately ris-
ing to the top of each cell, passing through
the outlets » ¢ and through the intake perts
7% g, being finally discharged into' the
domes f g respectively through the ducts
2 g°. The close proximity of the ancde and
the cathede, and the conductivity of the dia-

20
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phragm due to the absorption thereby of the .

electrolyte, reduces the internal resistance of
the cell without reducing the efficiency of the
apparatus.. As T heretofore statéd, by usin
an anode and cathode havirg exposed sutg-’
faces of dissimilar metals, this résistance
may be still further reduced.

The various cells in the appezratus are

125
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fitled with electrolyte through the ducts
formed by the alinement of the o enings p

and ¢ in the

various electrode irames or

rims, the supply of electrolyte being led
5 from the compartment or chamber & by the
duct £ormed by the openings p, and from
the compartment. or chamber ¢ by the duct

formed by the openings q. For convenience.

of expression, the ducts formed of the open-

10 ingsp ¢ will be referred to hereafter simply |

as the ducts p

g. The duct p being in com-

munication with each cell upon one side of
the diaphragm therein; and the duct ¢ being

in communication with said cell upon the |

15 other side of said diaphragm, the electrolyte
adjacent the anode cannot circulate through

. thie supply pipe and be mixed with that ad-
jacent the cathode, or vice versa. The ar-

rangement of

the ducts formed by the open-

20 ings n o and the means by which gas flows
thercto from the various cells are. such that

no admixture

of the gases can occur either

in the cell or in delivering from the various
cells to the domes. The domes f g being
25 poncommunicating, none of the gas stored

thérein ‘or passing therethrough can pass
from one to the other as the sole means o

c'ommunicatvion ‘between said - domes is
through tlhie trough ¢ which is located at a

30 point where the electrolyte will be substan-
tially free of gas bubbles. ‘The arrangement

of the gas inlets f* ¢° is such that the gas in |

passing to the domes f ¢ must pass up-

wardly from
35 preventing 'th

oaid ducts, the surfaces b ¢
¢ development of currents 1n

the electrolyte in the chambers b ¢ which
would tend to carry the gas bubbles down-
wardly therewith. The baffles 3* ¢® will also
aid in breaking up this ctrrent to assist in

40 freeing the ga

althongh these baffles are mnot essential%_

s bubbles from the electrolyte,

merely insuring a more rapid separation o
the gas and electrolyte.: The level of the dis-

s
-

charge. end of said ducts 2 g defines the
level of the eletrolyte in the various cells,

and also maintains a uniform pressure with-
in each cell upon. both sides of the dia-

phragm, thus
cirenlation. of

preventing a sufficiently rapid
the electfolyte to deform or

50 break the diaphragm.

The means of communication between the
chambers b ¢ and the domes f g, as exem 1i-
fied by -the trough-e, permits such a flow
of the electrolyte from one chamber to the

55 other as to cause the hydrostatic pressure
throughout the apparatus to- be uniform.

By using an auxiliary feed tank, this pres-

sure may be

made constant. The hydro-

static-pressure throughout the apparatns be-

60 ing uniform,

-

the pressure at the: discharge

end of the ducts f* g* will be the same, thus

maintaining u
sure througho
- pressures ypo
53 phragm, both

niform and constant gas pres-
at all of the cells. Hence the
n opposite sides of the dia-
hydrostatic and gas, will be

equal, and the circulation of electrolyte
throughout the apparatus will be slow, as
determined by the.rate of decompositioh.
It is not my. intention to limit myself to
the precise details of construction shown in
the accompanying drawings, it being appar-
ent that such may be varied without depart-

tion.

claim as new and desire to have protected
by Letters Patent, is:i— -

1. An electrolytic apparatus embodying
therein a cell containing an anode, a cathode
and an interposed diaphragm, separate
sources of electrolytic supply, independent,
non-communicating means  delivering -elec-
trolyte from ‘said sources of supply respec:
tively to opposite sides’ of said diaphragm,
and means controlling the hydrostatic pres-
sure on both sides of the diaphragm. -

therein-a cell containing an anode, a cat ode

ing separate compartments or chambers for
the electrolyte, and independent, noncom-

f | municating means delivering electrolyte

from one of said compartments or chambers
to adjacent the anode, and from the other of

the cathode. ' _ .

3. An electrolytic apparatus embodying
| therein a cell containing an anode, & cathode
and an interposed diaphragm, separate
sources of electrolytic supply, noncommuni-

from said sources of supplﬁ respectively to
opposite sides of said diaphragm, and -non-
communicating offtake ducts communicatin
with opposite sides of said diaphragm an
discharging into said gas domes respectively.

4. An electrolytic apparatus embodying
{herein a cell containing an anode, a cathode

and an interposed diaphragm, & tank having

4

electrolyte, a dome surmounting each said
compartment or chamber and communicat-
ing therewith, independent, noncommuni-
cating means delivering electrolyte from one
of said compartments or chambers to adja-
cent the anode, and from the other of said
compartments or chambers to adjacent the

ducts communicating with opposite sides of
said diaphragm and discharging into said
gas domes respectively.

therein a cell containing an anode, a cathode
and an interposed diaphragm, a tank con-
‘taining separate compartments or chambers
for the electrolyte, a-dome gurmounting each
said compartment or chamber and com-

municating therewith, each of said domes
baving an intake port and an inlet duct

Having described my invention, what 1

said compartments or chambers to adjacent-

cathode, and noncommunicating offtake 120

5. An electrolytic apps.ratﬁs embodying’

70 -

ing from the spirit and scope of the inven- -

75

80

85

9. An electrolytic apparatus ‘embodying

and an interposed diaphragm, a tank hav-

1y

95

100

cating gas domes, independent, ‘noncom- -
‘municating means  delivering electrolyte -

108

110

separate compartments or chambers for the

115
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130
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leading thierefrom and having its discharge
presented downwardly into its compartment
or chamber, means whereby said intake ports
are. respectively placed in communication

“with said cell adjacent the anode and adja-
- cent the cathode, and means delivering elec-
. trolyte from said tank to opposite sides of

said diaphragm. - s '

6. An electrolytic apparatus embodying
therein a cell containing an anode, a cathode
and an interposed diaphragm, a tank hav-

-, Ing separpte compartments or chambers for
. the electrolyte, means adjacent the bottom
" of said tank whereby said chambers or com-

15

partments are placed in communication with

- each other fo permit the equalization of the

Ppressures in said chambers, and independent,
noncommunicating .means delivering elec-

__trolyte from one of <aid compartments or

20

25

35

chambers to adjacent the anode, and from

the other of said compartments or chambers

-to adjacent the chthode.

7. An electrolytic. apparatus embodying
therein a cell containing an anode, a cathode
and an interposed diaphragm, a tank, a
pendant partition therein. forming separate
compartments or chambers for the electro-
lyte, a trough open at-the top and inclosing
the lower edge of said partition, and inde-

endent, noncommunicating means deliver-
ing electrolyte from one of said compart-
ments or chambers to adjacent the anode,
and from the other of said com 'artmeutsP or

“chambers tq adjacent the cathode. |

+. 8. An -electrolytic apparatusembodying

- therein a battery composed of a plurality of

cells coupled in series,each said cell contain-
ing an snode, a cathode and an interposed

o'diaphragm, separateé sources of electrolytic
40" !

supply common to all of said cells,-and in-

- dependent, poncommunicating means deliv-
ering electrolyte from said sources of supply

0

13

(.11

respectively to adjacent the anodé of each

_“ “cell and to adjacent the cathode of each cell.

9. An electrolytic apparatus embodyin
therein a battery composed of a plurality o%
cells coupled in series, each said cell contain-
ing an anode, a cathode and an interposed

- diaphragm, separate sources of electrolytic

of said cells, inde-
pendent, nor< - - mun ing means deliver-
ing electrolyte irom said sources of suppl
respectively to adjacent the anode of eac
ceil and to adjacent the cathode of each cell,
and means maintaining equal hydrostatic
pressure on both sides of the dixphragm of
all of said cells. o : -
10.. An electrolytic apparitus embodying

supply comm: . t

_ - therein a battery composed: of & plurality of

cells coupled in series, each said ce]l contain-

“'ing an anode, a cathode and sm interposed

3

‘diaphragm, separate Sources of electrolytic |

supply. common to all of said cells, inde-
pertdent, noncommitfiicating means d_elive_r-
ing electrolyte from said sources of supply

t »

respectively to adjacent the anode of each
cell and to adjacent the cathode of each
cell, means maintaining equal hydrostatic -
pressure on both sides of the diaphragm in
each of said cells, noncommunicating offtake
ducts communicating with the side of said
diaphragm adjacent the anode, and with the
side of said disphragm adjacent the cathode,
respectively; and independent, noncommu-
nicating storage means into which said off-
take ducts discharge. ‘

11. An -eleetrolyt's apparatus embodying
therein a battéry composed of a plurality of
electrodes; each consisting of an imperforate
plate adapted to form the anode of one cell
of said battery and. the cathode of the con-
tiguous cell, and a metallic frame inclosing
sald plate, having at the top thereof two
noncommunicating openings  therethrough
adapted to form, ‘with similar openings in

70
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' contiguous frames, continuous offtake ducts,

and -channels ‘;Iea'éing from said openings
and terminating within said frame on oppo-

_gite sides of said-plate, said frame at the

bottom thereof also having two noncommu-
nicating openings therethrough adapted to
form, with similar openings in contiguouns
frames, continuous electrolyte supply duets,
and channels leading from said Iast named
openings and terminating within said frame g
on opposite sides of said plate, a- tank, means
dividing said tank into separate compart-
ments.or chambers each having an outlet port-
adapted to communicate with one of said
electrolyte supply ducts, noncommunicating 100
gas domies, - each. having an intake port
adapted- to communicate with one of said
offtake ducts, said domes respectively being

in communication with a compartment or
chamber in said tank, a diaphragm between 106
euch-pair of frames, and means securing al}
of said frames in position relatively to said
tank and said domes, said frames being in-
sulated from each other so that said cells
are coupled in series. = S

" 12. An electrolytic apparatus embodying

20

110

therein a cell containing an anode, a cathode

and an interposed diaphragm,  tank having
separate compartments or chambers for the
electrolyte, means adjacent the bottom of y15
said tank whereby said chambers or compart-
ments are ‘placed in communication with
each other to permit the equalization of the
pressures in said chambers, independent,
noncommunicating means delivering elee- 354
trolyte from .one of said compartments or -
chambers to adjacent the ariode, and from

the other of said compartments or chambers

to adjacent the cathode; and auxiliary elec-
trolyte supply means discharging into either yq5
of said compartments or chambers.

13. An electrolytic apparatus embodying
therein an _electrode comprisinﬁ a8 frame
having an extension at the top thereof pro- )
jecting beyond said frame wlieteby any leak- 14
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age of gas will be into atmosphere, su'd ex-
tension being provided with two openings
extending therethrough, and a channel lead-
ing from each of said openings and dis-
charging inwardly within said frame, and
an extension at the bottom thereof provided
with two openings extending therethrough

and a channel leading from each of said |

openings and discharging inwardly within
caid frame, and an imperforate plate sel
within said frame between said upper and

suid lower channels respectively, whereby |

one of said upper and one of said lower
channels communicate with one side of said
plate and the other of said upper and said
lower channels communicate with the other
side of said plate. S o

14, An electrolytic apparatus embodying

therein an electrode comprising a frame.

having an extension at the top thereof pro-
vided with two openings extending there-
through, and a channel leading from each

of said openings and discharging inwardly |
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within said frame, and an extension at the
bottom thereof provided with two openings
extending therethrough and a channel »leag-
ing from each of gaid openings and dis-
charging inwardly ‘within said frame, an

imperforate plate set within said frame be-
tween said upper and said lower channels-:

respectively, whereby one of said upper and
one of said

with one side of said plate and the other of
said upper and said lower channels com-
municate with the other side of said plate,
and means whereby contac '
phragm with said plate through the distor-

‘tion of the former 1s prevented.
Tn witness- whereof, I.have ‘lereunto

affixed my signature in the. presence of two

t of the dia-’

30

lower channels - communicate |
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subscribing witnesses, this 14th day of April,
1913. :
o ISAAC H.LEVIN."
Witnesses: ‘

D. J. ToNEONOGY,
. T, T. WENTWORTH.
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