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Lo all whom it iy concern.:

Be it known that I, Winuiay E. G[.r1<\~
AWALT, a citizen of the United States. resid-
mg in I)en\ex. in thie county of Denver and
State of Colorado, have inve nted certain
new and useful Impu)\enlent; in. Iilectro-
Ivtic Apparatus.

The nnpm\emmt is particularly adapted
to the electrolysis of Linpure copper sulfate
solutions, but it ma \y be used for other pur-
])()Hew

In the clectrolysis of impure copper sul-
fate: golutions, us for ex cample those derived
fronm leaching copper ores, iron especially is
adeloterions element  which injuriously
¢ffects the operation. If a solution of cop-
per
electiolyzed without a diaphragm, then in
A(lthtl”n to the veaction:

(1), CaSO,+H0=Cu+H,80,40
there will take place,
(4\ Cub0,F2FeSO,=Cu-+Fe, (50,),.

Tlie ferric sulfate, finding its way back to
the eathode, and under the influence of the
current, gives rise to the reversible reae-
tiomn, i

(3). Cu J,—P e,(50,),=CuS0,4-2FeS0,,
thus nnlhi‘.\'mg the previous rveaction, and
resulting in a loss of efficiency. This loss
will depend largely on the amount of iron in
the copper solution. It the iron is exces-

sive. the copper may be (h%b()l\ ed as rapidly -

as }wuplt ited, and the sum total of the
energy expended will be nd, so far as any
useful effect is concerned.

If & sititable"diaphragn is interposed be-

tween the electrodes,; then both thie sulfurie
acid and-ferric suifate ave regenerated, hut
the deleterious’ reactions at the cathode arve
avolded, and “the current efliciency may
The
dinphragin, however, offers other difficul-
ties when 1asertéd i in ‘the ordinary way.

In the electrolysis of sulfate solutions no
satisfactory  insoluble -anode ‘has yet - been
discovered. - Lead hag given fair results. in
some cases, but the ]ewl s rapidly -disinte-
arated-and. becomes
and expenseé: owiig te thesuceunmulation of
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peroxid of lead on the face of the anode, =
whicly increases the electrical resistance,.and . .

as the peroxid drops to the bottom of the.

electrolyzer, if not removed at frequent in-
ter
current.
vions difficulties, delays, &nd expense. - ;
In all the Llectlolytlc regenerative -sul-

fate processes for L\tmctmo copper from .
-its ores, so far as I am aware; the elecuo— o

55:

als may result in . short circniting sthe . -
Its frequent removal pr Lsents S
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lyzed and depleted cathode, solution. is uaed

to dissolve more copper and hence the i won. . -
and:

and other impurities are cumulative

65

eventually offer greater dlfhcul’meb qs the .

operation progresses.

In the present invention 1t ]S souﬂht t0>

overcome these (hﬁlculmes, by a. contmuous .

method of removing the disintegrated an-
ode material, by compld:e 1ephcement of:

the old elutro]ytg .with a pure. one newly

regenerated in the anode compartmest  of

70

the electrolyzer, and by providing for high.

anode and

paratus which is simple, effectiv e, and auto
matie.

In the accom mnvmfr dmwmos I‘mure 1
h

athode efficiencies, with an ap-.

75,

represents a lonfrltudlnal sectlon oi Lhe, '

electrolytic 1ppamtus, and Fig. 2 the cor-
responding transverse section.
resents a lonmtudlml section of .-a. modi-

Fig. 4 rep-

80,

fied apparatus and Fig. 8 the corresponding -

transverse section. I‘10 5 shows details 01"

diaphragm constr llCth]L, cloth for retaining
the disintegrated anode material, and, pro-
vision for the escape of gases flom the un-
der side of the dlaphr-wm

Referring to the figures, 1 1epre59nts a

cathode t anh containing the catholyte and
substantml]v hor 1/ontal cathodes, 2.

85

3 1e1>1esgnts the anode bell containing the

molvte and .s,ubstantm]lv horizontal %nodesi'

b,oand hav ing a dlaphr‘wm 5, stretched, over’

1t9 mouth,

thus sepatating ‘the. anolyte from
the

athoh te,

‘95
On top of the’ dmphmdm 1§70
placed a (loth 21, easily removable, to facil-

itate removing of the dlsmteamted anode”

matérial ‘and plevent it from oettmO' to the
diaphragm and cathode: “The : anode bell
1s suspended by hangers 6, so that it ogcil-

lates when actnated by the mechanism. 7.
Faucet 8 serves_ to introduce the catholyte
“into thc apparatus, and the pipe 9 serves to ,, , ;

100




. .impeded while the anode bell oscillates-and -

10

>

withdraw it. Faucet 10 serves to introduce
the anolyte into the apparatus and the tubing
11 serves to withdraw it.. This tubing is
made flexible and is immersed in the catho-
lyte; it is fastened to the anode bell, passes

through the catholyte and sides of the cath-

ode tank, so that the anolyte flows out un-

without mingling with the catholyte.
It may be found desirable to introduce
a reducing agent into either the anolyte,

the catholyte, or both. In such a case the

* solution from the faucets 12 and 18, con-

15

- and 17, into the bottom of the tower. ~ In this
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80

Aferred.

necting with the source of supply, is pref-
erably sprayed into the towers 14 and 15,
while the reducing agent, as for example
sulfur dioxid, is forced through the pipes 16

way the solution may be saturated with the
reagent and flowed into the electrolyzer, or,
thé reagent may be introduced direct into
the apparatus. The first method is pre-

The anodes 4, are suspended from con-
ducting bars 18, which in turn are suspended

. by an adjustable device 19, whereby the an-

ode may be raised or lowered at will, even
when the apparatus is in operation. Simi-
larly the anode bell may be raised or lowered
by the adjusting device 20.

In Figs. 1 and 2 the anodes are shown

- stationary, and the anode bell, with the at-
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tached diaphragm, oscillated independently
of the anode. This is the preferred arrange-
ment.

In Figs. 4 and 8 the anodes are attached to

“the bell and are oscillated with it, but the
results so obtained are inferior to the ar-

rangement shown in Figs. 1 and 2. It is
evident, also, that the suspended anode in
the alternative arrangement, may have con-
siderable weight, especially if the anode is
lead, and this adds somewhat to the diffi-
culty of oscillation.

In Fig. 5 is shown a detail section of the
anode bell and diaphragm. The diaphragm
is preferably made by sandwiching a layer

- of asbestos paper between two thicknesses of

asbestos cloth, and the whole fastened be-
tween. two mullioned frames. The frame is

- then fastened to the anode bell, preferably

* with copper screws. The mullions 24, serve

56’
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‘to support the diaphragm and act as an agi-

tator for both the anolyte and catholyte,
and this is ‘an important ‘function, because
it reduces the necessary voltage required in
the operation, and increases both the anode
and cathode efliciencies, and. assists in con-

tinuously removing the disintegrated anode

material from the cell. These mullions, or
cross strips, are not absolutely necessary
though desirable. Good results have been
obtained without them, especially in the
smaller sized apparatus. Instead of as-
bestos cloth, ducking may be used; while

1,198,024

in some respects ducking performs the func-

tion of a diaphragm better than asbestos

cloth, it is not so durable, o
Unless suitable provision is made, air, Liy-

“drogen, or other gases may become entrained

under the ‘diaphragm, and thus reduce the
efficiency of the apparatus. This may hap-
pen with hydrogen released at the cathode

-when the deposition is not going on smoothly

or when the catholyte becomes impoverished
In copper. To overcome this difficulty,
means are provided for the escape of the gas
as rapidly as formed. This is preferably
done by saw cuts or auger holes, as shown at
25 Fig. 5, which prevents the trapping of
the gases, and the motion of the anode bell
facilities their expulsion. On the top- of
the diaphragm proper, is a cloth 21, Fig: 5,
fastened to the anode bell to keep it in posi-
tion, but easily removable. This cloth keeps
the disintegrated anode material from get-
ting on the diaphragm, and in case the mate-
rial becomes lodged. or in case of a clean-up,
the cloth may be easily removed with the dis-
integrated anode material, thus facilitating
the work and saving wear on the diaphragm.
In the event of its not being necessary to
make an absolute separation between  the

_anolyte and catholyte, a single cloth of as-

bestos or cotton may be used to function both
as diaphragm and means of catching the dis-
integrated anode material. ‘In case a dia-
phragm is not necessary, a cloth is still inter-
posed between the electrodes which permits
of free diffusion of the electrolyte but suffi-
ciently dense to intercept the disintegrated
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anode material from getting on the cathode

until it can be expelled with the electrolyzed
solution. In such a case, the diaphragm and
cloth for intercepting the disintegrated
anode material are considered the same for
the purpose. of this specification. In addi-
tion to the saw cuts in the diaphragm frame,
the diaphragm may be given a slight tilt to
throw the gases toward the outside and thus
prevent their lodgment. This may be done
by making the mullions slightly thicker at
the middle than at the ends.

In the operation of the apparatus, the ano-
Iyte and catholyte are introduced<into the
electrolyzer, the current turned on, and the
anode bell oscillated by the mechanism 7.
In the deposition of copper from sulfate
solutions, lead anodes are preferably used.
It is well known that these anodes disinte-
grate, the metallic lead being converted into
the peroxid of lead by the Iiberated oxygen,
but the disintegration is greatly reduced by
oscillating the anode bell, whereby the an-
ode reactions are greatly facilitated. The
resistance is also largely decreased, because
the oscillation of the anode bell prevents un-
due impoverishment of both the anolyte and
catholyte in immediate contact with the elec-
trodes. It is well known that agitation of
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the electrolyte increases the electrode effi-
clency. - A higher current density can be
used than Would otherwise be possible, and
the deposited copper is pure and reguline.
Under the action of the current, copper is
deposited at the cathode, sulfuric acid and
ferric xultate formed at the anode; and the
anode lead is oxidized to the peroxid of
lead; PhO,, and thus disintegrated. Under
01‘&111(11"7 Condltmns this per oxid of léad ac-
ctip atee ‘on, the (vnodc in quite a consider-
able las e1, and-thiis increases the resistance
of thecurvent, finally: dropping off in large
scales “to the bottom of the tank, and thus
calises Shot't cireuiting of the current, if not
removed at frequent intervals. Undm the
action of the ‘osallating dmphlfwm ol ahode
bell, ‘the pe 1 of lead is removed from

the mode about as rapidly as formed and if
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» thatithe anmunt of i

it were: niot for the diaphragm or cloth be-
tween the elec rodes, the peroxid would set-
tle on thé cathode and deatroy the purity of
the depomted copper: and cause other irregu-
The dction *of the oscillation is to
remoye the peroxid, from the lead about as

apidly 4s formeéd and . ‘confine it to the
anode. bell, until it’ is removed in suspen-
sion with the regenerited anolyte, passing
through the flexible tube 11. The oscillat-
ing movement, Leeps tlie. disintegr ated arode
mateual stirved up and faclhtqtes its’ ex-
pulsmn :The operation is entirely "auto-
matic, both a5 fo the removal of the peroxid
from the anode and: its expulsion from the
cell, " A jerky inotion: facilitates the expuil-
sion, but this is a detail easily adjusted by
well known mechanical appliances.

The .regenerated. electrolvte, ('ontmnmrr
the dlSlIlte" ated anodé material in suspen-
sion, Hm\s from - the electrolvzer, thl ough
the’ flexible tubing 11. into launder 22, and
from there into a- setthno tank (not shown),
wherethe. disintegrated “anode material set-
tles.to the bOttom The clear supernatant

revenerated . electrolyte may then be ve-
turned to - the ore.to repeat another cyele.
The peroxid of lead. after sufficient accu-
mulation. . is. again reduced with carbon: to

+ metallic lead. and recast into anodes to again

pass through the same evele.  From this it
will he seen that the removal of the disinte-
grated, anode material and its expulsion
From the cell is practically continnous and
aptomatic, and very little loss or expense is
mecwrred - in-reducing the peroxid-to metallic
lead. - The lavge expense of continually sup-
plying new anode .material, is almost en-
Theoretically .at least,. the
anode : ledd' once . purchased, will Llst in-
definitelys by simply reducing the peroxid
formed at tle, -anode u_l.d mcds_t,uw mto new
lead anodes. i

~Tt-ivas rneted: in the e\penmental w mk
integrated anode. ria-
terial is greatly diminished un(l(xr‘ he action

3

of the apparatus. - In actnal tests made with
stationary electrodes under ordinary’ condi-
tions, the peroxidation of the lead anode
amounted to- 0.85 pound of ‘peroxid per
pound of copper deposited; under the con-
ditions of the improvement herein descrilied,
the oxidation amounted to onlv one tenth
ounce of lead per 1.235 pm'nd of ¢opper, and
practically all the peroxid wis automati-
ally removed with the “regener Aied ano-
Irte. :
‘With asuitable diaphragm, like tho one

%ii

described, the anolvte may b kept almost -

totally separated fromr the catholyte.-
pose that the catl wlyte consisty of 4 ver ¥
1mpure neutral solution of copper qulfate,
such as might be obtained " fl()m]t‘d('hlﬂ(" cop-
per ores in a cyclic process, anil the ano;,te
consists of shfrhtly acidulated w ater, ds for
example washwater “dbtained “in: Treating
copper ores with an acid -sulfite solution.
As the copper is deposited on ‘the cathode,
sulfuric acid is liberated at-the’anode, and

5 Up- .
80

85

when the operation is completed, the copper

is removed hom the catholyte, aidl all the
available' acid tl(\nsremed to ‘thie: nnolyte.
Tt is evident that under these um(htmns. the
practically puve anolyte ‘containg ~all the
available acid, and the catholyte, now' de-
prived of its copper and containing no avail-
able acid, may be wasted w 1thout Toss: “In
this way fouling of solutions ¢antot otenr,
and that (hﬂlonltv so troublesonie in the qut
is entirely overcome. Tt may nothe necessary
to waste the catholyvte at évery cvele of the
operation: in which case the density of the
diaphragm is not of so much impoitance,
until the solntion has sufliciently fouled:to
make its rejection necessarv or desivable.
The appavatus has ﬂe\xblhtv enough to
adapt it to all the varying ('ondmons, and
it w onld be useless to discuss :111 the:,e comh—
tions in detail. )

In the electrolysis of copper blﬂf:ltﬁ‘ soln—
110

tions, oxygen is released "nt the anode as set
forth in eqlmtlon (1). To provide for the
removal of this oxygen frony‘the under side
of the anode as upullv as formed, the Tead
anodes are cast with per forations: = The
oxvgen or other gades veadily”
throngh these perforations, aiid their esc ape
is Olmt}v d(l]lidt(‘(' by the oscillating mo-
tion of the anode bell or diaphragm. As
the electrolysis  progresses,” the

becomes necessary to corregpondingly elé-
vate the anode and ,mode bell* llns is readl-
11\ accomplished by the adjusters [9and .3 ),
and the ud}u\tnwnt may be made w hﬂe
apparatus is 111 opel ration.  Tu tliis w
eathode may Le built, up to,
thl(]\ness and the cell need (»ni
at considerable intervils to ren
per. . In de]mbltmo the copper
(iq)o%lt it i sections t6 facilitate its

4....

any desne(l
v he stopped
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moval. This may be done by insulating
strips of pmint or paraffin or by thin strips
of wood, or by sectionalizing the original
cathode sheets. The size of the sections are
regulated so as to be conveniently lifted or

.removed from the tank. Ordinarily, in op-

erating the apparatus, it will be desirable
to have the tendency of flow be from the
cathode to thé aiode to overcome diffusion
toward the cathode; this is facilitated by
keeping the catholyte at a slightly higher

level than the anolyte, and its height may

be adjusted by the outlet pipe 9. -
When it is desired to stop the operation of
the apparatus and remove the copper, the
anodes are elevated, preferably as a whole,
the anode bell gradually elevated and the

_anolyte allowed to drain out through the

tubing 11 so ag not to bring undue strain on
the diaphragm. If there 1s any accumula-

tion of disintegrated anode material in the.

anode bell, the removable cloth is taken out
with the material on it; after being washed,
it may be replaced. The catholyte is drained
from the cell and the copper taken out, after
which the original order of things may be
established, and the cycle repeated. Or-
dinarily the regeneration of acid in the
anolyte will not be sufficient to make up
the loss consumed by the gangue of the ore.
To overcome this difficulty and also to re-
duce the voltage necessary for the electro-
lytic decomposition of the copper sulfate, a
depolarizer, such as sulfur dioxid, is intro-
duced into the anolyte, which acts both as
a depolarizer and acid generator, as shown
by the following reaction:

#). CuS0,+8S0,+2H,0= )
9H,S0,+-Cu--7,300 calories,

which amounts to about 0.16 volt, acting
with the current. Ordinarily it is difficult
to realize any benefit from this reaction, be-
cause the SO, cannot be brought into suffi-
ciently intimate contact with the liberated

80, as the anion, at a practicable. current

density.. With the present invention, the
anolyte is agitated by the anode bell and

* diaphragm as well as the catholyte, and the

650
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oscillating anode bell acts both as a suction
and a pressure on the anolyte in connection
with the perforated anodes, to suck the solu-
tion through the perforations and again ex-
pel it, and in this way bringing the depolar-
izer in intimate contact with the anode so
that a good anodic efficiency may be realized
at a practicable working current density.
It may also be desirable to introduce a re-
ducing agent into the catholyte to prevent
the action of ferric salts in dissolving the
copper and reduce the metallic compounds
in the catholyte to their lowest valency, and
thus make them unable to act on the de-
posited metal. Where oxidation, instead of
reduction, is desired at the anode, the oxi-

1,198,024

dizing agent may be introduced through the
same means as described for the reducing
agent. . :

The description given in this specifica-
tion is for the preferred arrangement, and
as particularly applicable to the deposition
of copper from sulfate solutions derived
from leaching ores. It is evident that the
apparatus may be used for other purposes
with equally good results, as for example,
in leaching ore with ferric sulfate solution;
in which case, during electrolysis, ferric sul-
fate is regenerated at the anode from fer-
rous sulfate, and the regenerated ferric sul-
fate solution again applied to-the ore. It
may be used in the deposition of zinc, in
which a neutral or slightly acid electrolyte
is easily maintained. It may be used for re-
fining of copper and other metals, etc. If
the released anion is a gas which it is de-
sired to use, it may be collected and with-
drawn by placing a hood 26 over the anode
bell, in which case a flexible inlet pipe, 10,
and a flexible outlet pipe 27 for the gas, are
provided.

28 are guides to keep the anode bell in
proper alinement during oscillation.
aving thus described my invention, I
claim: _ '

1. In electrolytic apparatus the combina-
tion of a cathode tank containing the catho-
lyte; anode bell suspended within the cath-
ode tank and containing the anolyte; dia-
phragm interposed between the anode and
cathode ; means of oscillating the anode bell,
and means of introducing and withdraw-
ing the anolyte and maintaining it distinct
from the catholyte.

2. In electrolytic apparatus the combina-
tion of a cathode tank containing the catho-
lyte; anode bell suspended within the cath-
ode tank and containing the anolyte; means
of oscillating the anode bell ; diaphragm at-
tached to the anode bell and oscillating with
it; flexible outlet 'for the anolyte passing
through the cathode tank, and means of in-
troducing and withdrawing separately both
the anolyte and catholyte. -

3. In electrolytic apparatus the combina-
tion of a cathode tank containing the catho-
lyte; anode. bell suspended within the cath-
ode tank and containing the anolyte; means
of oscillating the anode bell; diaphragm at-
tached to the anode bell and oscillating
with it; flexible outlet attached to the anode
bell for the withdrawal of the anolyte with-
out mingling with the catholyte, and means
of introducing a reagent into the anode bell
which will conibine with the released anions.

4. In electrolytic apparatus the combina-
tion of a cathode tank containing the catho-
Iyte and:substantially horizontal cathodes;
anode bell susperided within the cathode
tank containing the anolyte and substan-
tially horizontal anodes; diaphragm inter-

~
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means of

ratehing and removing the disintegrated an-
ode material; means of oscillati fing “the anode
bell, and flexible means of withdrawi ing the
Anolyte with  the disintegrated Anode ma-

. terial in suspension from the anode bell

mthont mingling with ‘the "ecatholyte.

In clectr ()[yt](' apparatis the combina-
tmn of a cathode tank containing the catho-
Iyte and substantially horizontal I cathodes;
anode bell suspended within the - cathode
tanl containing the anolyte and substan-
tially horizontal anodes; diaphragm inter-
posed between the elec tlodes means of os-
ulhtmrr the anode bell; means of introduc-
ing a reagent capable of combining with
the veleased anions, and means of withdraw-
the regenerated anolyte from the anode
bell passing through the catholyte and sides
of the cathode tauh )

6. In electrolytic apparatus the combina-
tion of a-cathede tank containing the catho-
Ivte and substantially horizont: al cathodes;
anode bell containing the anolyte and sub-
stantially hotizontal anodes; a diaphragm
attached to the mouth of the anode bell and
provided with means for the escape of gases
from the under side of the diaphragm.

. In clectrolytic app(uatn% the combina-
t10n of a cathode tank containing the eatho-
Iyte and substantially horizontal cathodes;
anode bell ~uspended within the cathode

tank containing the anolyte and substan-
tially horizontal anodes; dmphlanm inter-
posed bétween the Llectrode means with

sald diaphragm.of providing for the escape

of gases which may have a tendency to be-
come entrained by the (iaphragm; means
of oscillating the anode bell and means. of
Wlthdrawmo the anolyte without mingling
with the catholyte.

=8.<In electrolytic appamtus the (ombma-
tion of a cathode tanlk: containing the catho-
Iyte and substantially horizontal cathodes:;
anode- bell suspended within the cathode
tank containing the anolyte and substan-
tially horizontal: and. perforated anodes;
diaphragm attached to the mouth of the
anode. bell; means of catching and remory-
ing the disintegrated anode, material, and
means of oscillating the anode bell hori-
zontally.

9. In electrolvtw dppamtus the combinsa-
tion of a cathode tank containing the catho-
Iyte and substantially horizontal cathodes;
anode .bell. suspended within the cathode
tank .containing  the anolvte and substan-

tially -horizontal anodes: diaphragm. inter-

posed between. the electrodes; means of hori-
zontally. %cﬂlatmﬂ the anode bell; means
of introducing the anolyte at one end of the

~anode . bell. and . withdrawing it from the
: other side: while the bell -is OSClHdtlDO' and
.means..of withdrawing the anolyte. \Vlthout
5. mmnhno w ith the- wt;holyte '

Cand Jower frame:

&

10. In electrolytic apparatrgthe comhmn~
tion of a cathode tank containing the éatlio-
Iyte. and substantiaHy horizontal: cithodés;
anode bell susper nded within -the -
tanl containing the anolyte and
tially horizontal anodess’ dlaphl ag
the month of ‘the-anode bell auppmtm by
frame attached to the anode biell, auid et ans
in said frame of providing for the escn
gases from the under side of ‘tlie chaphl

11. In electrolytic apparatus’ thi
nation of a cathode tank ' containir

-atholyte and substantially horizontal
odes; anode bell suspended witlin th
ode tdnk cont(unmn the’ dllOthC 11’1‘( &

- 80

dlstance of the dnplu ‘10111 bet\\ een the
trodes. :

12, In electrolytic ‘11)1)(11‘1”:11% thu combl—
nation of a. cathode’ tank -contiining -the
catholyte and substantially Borizontal cathi-
odes; anode bell suspended within the cath-
ode tank containing the ‘anolyte and “sub-
stantially horizontal anodes; diaphr Agm-ifi-
terposed Dbetween the electlodeS' meqms®of
introducing a reagent info the anolyte to
combine with the released: anions; ‘means of
introcducing a reagent into the ‘catholyte to
veduce the bivalent compounds-to the uni-
valent condition and retaining them so:and
means of separately mtloduclng and avith-
drawing both the anolyte and: mtholyte and
means of- oscillating the anode bell thereby
bringing the re wents nto mtlmate contflcn
with - the electrodes.

13. In electrolytic apparatus the combi-
nation of a cathode tank: containing the
catholyte and stationary cathode; anéde bell
suspended within the cathode tank by flexi-
ble supports and containing the anolyte anc[
stationary anodey a dnphlaom ‘attached
the anode bell and interposed  betweéen the
electrodes; means of oscillating - the | dia-
plhragm and anode bell; and means of*in-
trodumng and withdrawing the anolyte and
maintaining it substantmllv dlﬁtmgt from
the catholyte.

4. In electrolytic appar 1tus havmo 1101'1—
zoutal electrodes a horizontal dmphr‘wm
interposed Detween . the electrodes.. frames
supporting said- diaphragm, ‘and . apertures
in connection: with the outside- rim - of " the
under frame for the eseape of ‘@ gases fwm
the under side of the, dmphrlonL , ,

15, In electrolvtic apparatus havi _»’11011-
zontal electrodes . diaphragm mterposed Dbe-
tween the electrodes.-supported:by an:tpper .
means. in: conneéction ith’
the lower frame of providing for. the escape
of @ases from the under side. of - the “dia-
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'plnagm, and means of oscillating ‘th\e,,dm-
" phragm between the electrodes..
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16. In electrolytic apparatus the com-

bination . of an electrolyte tank; a ‘station-
ary anode: a stationary cathode; a dia-

* phragm interposed between the electrodes,

10

and means of oscillating said diaphragm in-
dependently of the electrodes.
17. In electrolytic apparatus a stationary
electrolyte tank; a stationary anode; a sta-
tionary cathode; a diaphragm interposed be-
tween the electrodes and suspended from

" fixed pivotal points, and means of oscillat-

15

ing said diaphragm.

18. In electrolytic apparatus the .com-
bination of an electrolyte tank containing
one electrode; an electrolyte bell suspended
within the electrolyte tank and containing

- the opposite electrode: a diaphragm inter-
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posed between the. electrodes, and means of
moving said diaphragm from fixed pivotal
points as the center of oscillation.

19. In electrolytic apparatus the combina-
tion of an electrolyte tank containing one
electrode; an electrode bell suspended with-
in the electrolyte tank and containing the
opposite electrode; a diaphragm interposed
between the electrodes and suspended from
fixed pivotal points; means of oscillating
said diaphragm, and means of withdrawing
the electrolyte from the electrode bell with-
out mingling with the electrolyte in the elec-
trolyte tank. '

20. In electrolytic apparatus the combina-
tion of an electrolyte tank containing a sta-
tionary electrode; an electrolyte bell sus-
pended within the electrolyte tank; a sta-
tionary electrode suspended within the elec-
trolyte bell and independently of it; a dia-
phragm interposed between the electrodes,
and means of oscillating said diaphragm in-
dependently of the electrodes.

21. In electrolytic apparatus the combina-

tion of an electrolyte tank containing a sta--
‘tionary electrode; an -electrolyte bell sus-

pended’ within the electrolyte tank; a sta-
tionary electrode suspended within the elec-
trolyte bell and independently of it; a dia-
phragm interposed between the electrodes;
means of oscillating said diaphragm inde-

- pendently of the electrodes, and means of

withdrawing the electrolyte from one elec-
trolyte compartment without mingling with
the electrolyte in the other compartment.
22. In electrolytic apparatus the combina-
tion of an electrolyte tank containing hovi-
zontal and -stationary electrodes; means of
agitating the electrolyte interposed between
the electrodes and suspended from fixed piv-
otal points, and means of oscillating said
agitator from the fixed pivotal points inde-
pendently’ of the electrolytic tank. _
. 23. In electrolvtic apparatus the combina-
tion of an electrolyte tank containing the
electrolyte and horizontal electrodes: a dia-

‘phragm interposed between the electrodes;

means of oscillating said diaphragm ; means

1,198,024

of adjusting the vertical distance between
the diaphragm and cathode, and means ot
adjusting the vertical distance between the
diaphragm and anode. '

24+ In electrolytic apparatus having sta-
tionary electrodes, a diaphragm oscillating
from fixed pivotal points.

25. In electrolytic apparatus a stationary
anode: a stationary cathode; a diaphragm
interposed between the electrodes, and means
of oscillating said diaphragm between the
stationary electrodes. '

26. In electrolytic apparatus an oscillat-
ing diaphragm interposed Detween station-
ary electrodes and a space arranged for the
free circulation of the electrolyte hetween
the diaphragm and both electrodes.

27. In electrolytic apparatus the combina-
tion of a stationary anode: a stationary
cathode; a diaphragm interposed between
the electrodes; means of oscillating said dia-
phragm, and means of withdrawing the
anolyte from the electrolyzer without min-
gling with the catholyte.

28. In electrolytic apparatus the combina-

tion of a staticnary anode; a stationary cath-
ode; a diaphragm interposed between the
electrodes; means of oscillating said dia-
phragm; means of escape for the gases from
the underside of the diaphragm; and means
of withdrawing the anolyte from the electro-
lyzer without mingling with the catho-
Iyte. : ,
29, In electrolytic apparatus the combina-
tion of an electrolyte tank; a stationary an-
ode; a stationary cathode; a diaphragm in-
terposed between the electrodes; means of
oscillating said diaphragm; means of pro-
viding for.the escape for the gases from the
underside of the diaphragm ; means of with-
drawing the anolyte from the electrolyzer
without mingling with the catholyte, and
means of adjusting the vertical distance be-
tween the diaphragm and both electrodes.

30. In electrolytic apparatus the combina-
tion of an electrolyte tank; a stationary an-
ode: a stationary cathode; a diaphragm in-
terposed between the electrodes; means of
oscillating said diaphragm; means of with-
drawing the anolyte from the electrolyzer
without mingling with the catholyte; means
of adjusting the vertical distance between
the diaphragm and cathode, and means of
adjusting the vertical distance between the
diaphragm and anode.

31. In clectrolytic apparatus the combina-
tion of an electrolyte tank; a stationary an-
ode; a stationary cathode: a diaphragm in-
terposed between the electrodes; means of
oscillating said diaphragm; means of adjust-
ing the vertical distance between the dia-
phragm and electrodes; means of withdraw-
ing the electrolyte from one compartment of
the electrolyzer without mingling with the
other, and means of adding to the electrolyte
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a reagent capable of combining with the re- the anode compartment without mingling

leased ions. with the electrolyte in the cathode compart- 10
32. In electrolytic apparatus a- stationary ment.

anode: a stationar_v_ qaﬂlode; a_diaphragm WILLTAM E. GREENAWALT,

dividing the apparatus into anode and eath-

ode compartments: means of oscillating Witnesses:

said diaphragm between the electrodes, and Hexwy F. Seniers,

means of withdrawing the-electrolyte from Trosas P, Hugrres,
e v -



