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“The present invention relates to a nickel
liberator cell and a process of electrolysis carried
out in that cell. . :

In the normal course of recovering nickel by

electrodeposition from . electrolytes -containing
.chloride  ions and. utilizing soluble anodes; an
excess: of mickel enters the system over that
.amount of nickel which is removed at the cath-
ode.- In such a system of nickel recovery, it is
necessary, in order to maintain a balance between
the nickel entering the system and the nickel
removed at the cathode, to decrease the amount
-of nickel entering the electrolyte at the soluble
anode without decreasing the amount of nickel
removed at the cathode. In systems for re-
covery of nickel wherein gll-sulfate electrolytes
are employed, i. e. substantially free of chloride
ion, the nickel balance of the system is main-
tained by replacing some of the soluble anodes
with insoluble anodes. However, the practice of
replacing soluble -anodes with insoluble anodes
to maintain a nickel balance, when utilized in a
‘chloride = ion-bearing electrolyte _system, has
proved to be -unsatisfactory as, when insoluble
anodes are employed in contact with a chloride
ion-bearing electrolyte, molecular chlorine is
liberated at the anode during electrolysis and
leads to numerous operating difficulties. At-
tempts have been made heretofore to operate
cells producing nickel at the cathode and chio-
rine at the anode, but such attempts have been
unsuccessful due to difficulties encountered in
handling the chlorine. Furthermore, to provide
adequate cathode.eficiency for economical op-
eration, it has been found necessary to use either
cathode or anode diaphragms to prevent a large
percentage of the current from being utilized for
hydrogen ion discharge and chlorine reduction.
Any such diaphragm arrangements, suitable for
nickel electro-refining, have however, been found
to deteriorate rapidly due to the action of molec~
ular chlorine, resulting in numerous chlorine
leaks, necessitating frequent changes of dia-
phragms and tank linings. Even more objec-
tionable than the hereinbefore mentioned. diffi-
culties has been the resulting addition of chlo-
rinated, water soluble, organic compounds to the
nickel electrolyte which resulted in production of
strained, warped cathodes throughout the tank
house. - )

It is apparent, therefore, that in order to satis-
factorily operate a balanced nickel system, when
employing a chloride ion-containing electrolyte,
it would be necessary to provide an electrolysis
cell and a method for operating the cell in a

2

manner whereby chlorine would not be liberated
at an insoluble anode during the electrolysis. -
In view of the foregoing remarks, it-will be
apparent that the art of nickel recovery by elec-
tro-deposition, up to the time of the present dis-
covery, was confronted with the problem of ob-
taining an electrolysis cell that could be oper-

" ated with insoluble anodes and a chloride-ion
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containing electrolyte in a manner whereby the
system could be operated in balance with respect
to nickel, and nickel recovered efficiently: at a
cathode without liberation of chlorine at an in-
soluble anode. Purthermore, in providing an
electrolysis cell that would operate .in a -satis-
factory manner without liberation of chlorine
at an insoluble anode, it was desired that the cell
operate satisfactorily without necessity. of adding
cations or anions to the electrolyte system, which

- cations or anions would be deleterious -to the
20,

electrolytic production of
the cathode. .
I have discovered a novel liberator cell-and a
method employing the novel cell with insoluble
anodes and a- chloride-ion-containing electrolyte
whereby the electrolytic system can be operated
in_balance, with respect to nickel, during elec-
trolysis, and wherein nickel is recovered by elec-
trodeposition at a cathode without liberation of
chlorine at an insoluble anode. . S
It is an object of the present invention to pro-
vide a liberator cell capable of maintaining a

high ‘purity nickel . at

-tatholyte substantially free of anolyte and
-anolyte substantially free of catholyte. ‘

It is still another object of the present inven-

‘tion to provide a liberator cell having an anode
compartment and a cathode compartment sepa-

rated by an intervening compartment, i. e., a
middle compartment, whereby during operation
of the novel cell, the cathode compartment is
maintained substantially free of anolyte and the
anode compartment maintained substantially
free of catholyte. . :

The present invention contemplates the pro-
vision of a lberator cell having an insoluble
anode whereby chlorine is not liberated at the
anode during operation of the cell when employ-
ing a chlorine-ion-bearing electrolyte.

The present invention further contemplates a
method for recovery .of nickel by electro-deposi-
tion from a -chloride-ion-bearing electrolyte . by
employing the novel liberator cell embodied in
the present invention. .

It is within the contemplation of the present
invention to provide a method for recovery of
nickel by electrodeposition from a chloride-ion-
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bearing electrolyte by employing a novel liberator
cell having insoluble anodes.

The present invention also provides & method
for recovering nickel by electrodepositicn from
a chloride-ion-containing electrolyte by em-
ploying a nickel liberator cell having inscluble
anodes- without- liberation of chlerine at. the in-
soluble ‘anodes during, operation: of the cell’

Other objects and advantages of the p1esent
invention will become apparent from the follow-

ing description taken in conJunctlon Wlth the )

drawings in which: g

Fig. 1 is a diagrammatic 111ustrat10n of an m-
stallation such as may be employed m carrymg
out the present invention;: :

Fig. 2 is a sectional v1ew
of Fig. 1;

Fig. 3 is a view partly in section of -a cathode
compartment; R

Fig. 4 is a sectional view taken on line 4—4 of
Fig. 3;

Fig. 5 is an elevational view of a manifold feed
“assembly such as may be employed for feeding
electrolyte to the navel:liberator: cell- such as
,prov1ded by the present invention;: i -

-Pig. 6 is a sectional elevationdl view taken on
hne 6—6 in Fig. 7. and showing in detail a suitable
means of “assembly: for bus. bar connectlons for
-anodes and cathodes.

‘Fig. 7 is.a plan v1ew of a smtable means of as-
sembly for bus. bar connectlons for anodes and
‘cathodes; . .- E

Fig. 8 is an elevatlonal view of an anode com—
partment frame;

Pig. 9 is a sectional view of Fig. 8; and™
- ‘Figs. 10 and 11 are elevational views of a cath-
ode and an anode respectively.- “

Geenerally speaking, the novel apparatus of the
present . invention comprises an electrorefining
tank in which are suspended a ‘plurality of alter-
nating anodes-and cathodes, each electrodebeing
contained within a compartment: therefor each
compartment comprising & chaphragm -at: each
sid= of the electrode with suitable ‘framework-for
miaintaining the dxe,phragms in- substantlally
parallel, spaced-apart  relationship and:--each
compartment being ‘maintained in spaced-apart
relationship with each adjoining compartment by
suitable framework thus providing-diffusion-zenes
i. e.; intervening :compartments, -between-adja~-
cent electrode compartments. *‘Anolyte and cath-
olyte are introduced -into the respective anode
and cathode compartments-at rateés sufficient to
provide the hydrostatic heads required-in-each
compartment to insure.flow of both anolyte and
catholyte into the intervening diffusion-zones; an
overflow being: provided in the diffusion zone for
the mixtura.of anolyte and catholyte-at a suitable
leve! to assist in maintaining the preferred hydro-
static head.. The anolyte employed is an acid
solution substantially deveid of chloride ionand
is. preferably a dilute :sulphuric acid- solution,
while the catholyte is a sulphate-chloride-nickel
electrolyte. During operation -of the novel‘cell,
nickel is removed. from the: catholyte at-the cath-
ode and the electrolyte, depleted in nickel con-
tent, flows through the cathode diaphragm’ to the
middle compartment. -At-the anode, meanwhile,
oxygen is.liberated at-100% -current- efficiency
with the simultaneous-liberation -of- hydrogen
fons.. ‘The liberation of hydrogen-ions results in
the - contmuous production: -of --sulfuric- &acid.
Thus, the anolyte passing through the anode di-
aphragm has an increased:acid-content.’ In the
middle compartment.of the. cell, the: two- solu-

>a,Len on hne 2—-2

tions, i. e., anolyte and catholyte; are mixed to
form acid hquor which is subsequently used for
pH correction. The mixing of the two liquors in
the middle compartment is not efficient, however,
5 and there is a tendency for the heavy liquor from
the cathode compartment to segregate near the
- tank bottom. - ‘For thisirédson, it is an’ essential
“feature of the present ifivention that the overflow
from the electro-refining tank be taken off in the
10 .Iower regions thereof so that this heavy mixture
is withdrawn... The mixture withdrawal outlet
~will-of-course be brought to the proper level for
“overfiow in order to maintain the proper relative
sievel§ within the @nolyte and catholyte compart-
15 ‘ments:and tHe intervening diffusion zone and this
“bringing -t6 broper level may be by goose-neck
bend or other means well known to those skilled
»in-the art. -It is.also an essential feature of the
present ; invention that infiltration of the heavy
29 anolyte-catholyte mixture into the anolyte com-
partment should be avoided and for this reason
the suspended anodes and anode compartments
‘should'not extend to thie bottom of ‘the‘tank; -and
“in the prefeired embodiment, they should ot ex-
25 tend more than about two-thirds’ ¢35) ‘of” “$he
depth of the tank; - By this arrangémerit-contact
between the anodes and the heavy anolyte-cat—ﬁ-
olyte mixture with the undesirable™evolution:-of
‘free chlorine -which ‘would “resultitherefront is
a0 avoided: - Tt will- thus ‘he’ apparent-from the fore-
going that the-port of withdrawal ‘of" the heavy
liquor should be preferably in that portlon of‘the
tank beneath the bottom of the anodes: * 7
' In reference to respective depths’ of 'thie @node
53 -and cathode compa,rtments ‘although - the pre-
ferred embodiment of -the present mventmn IS
that such compartments-should ‘not extend more
than -about: two-thirds (25) -of the depthof ‘the
tank, it is also preferred; but not- essential that
- ‘the cathode compartments are of the same’ depth
as the anode compartments: “The depth- of “the
cathode -compartments- can’ be- varied; however,
particuiarly made deeper; without: materlally af-
fecting the operation-of the-tank. - HoWever I
45 have: found that there is no’ ‘particular advan-
tage in employing a short” anode and ‘& Iong
‘cathode in' practicing the present’ ‘invention; al-
though the use of a cathode Ionger in Iength than
the anode would be of advantagein a* process ré-
50 quiring ‘a high anode current den51ty and a 1ower
cathode current density. - o
“Referring- to the drawmgs F1g Tisg" dlagram-
matic illustration of an installation such as may
be employed-in carrying out the present-inven-
tion: In Fig. 1, a multi- compartment electro—re-
fining tank 32, containing -5 mixed acid’ ‘electro-
lyte, is shown having suspended in esch-of the
compartments a plurality of” alternating “anode
compartments 84 and cathode compartments ‘35
which are more cléarly illustrated in Fig.2." The
anode compartments’ 34 and- cathode’ compart-
ments 35 are‘supported by compartment-bearing
supports 38 in a spaced-apart relationship with
each adjoining compartment whereby a diffusion
5 zone is provided between adjacent compartments.
Suitable means, such-as supports 39 and 43, more
¢learly shown in Fig, 2; maintain_the compart-
ment-bearing supports 38 in’ desired posmon
An acid 21, substantially free of chloridé ions,
and preferably concentrated “sulphutic acid, "is
contained in a suitable acid tank 28. By means
of gravity, the acid 21 is allowed to flow through
a-conduit; such ‘as pipe 24, and con’crol valve 23,
into an anolyte supply tank 25 in which the’ acid
2I ﬂowmg therem 1s dﬂuted to provzde an
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aqueous anolyte 26, preferably containing about
10 grams per liter of sulfuric acid. By means of
gravity, the anolyte 26 is allowed to flow through
a conduit, such as pipe 21 and control orifice 28
into the anode compartments 34. Similarly a
suitable nickel electrolyte containing chloride
lons and sulfate ions is fed through a main feed
line, such as pipe 29 and riser 39 into the cathode
compartments 3. By means of an orifice, such
as shown by reference numeral 31, the rate of
flow of catholyte is controlled to a desired rate.
In order to maintain a hydrostatic head in the
anode compartments 34 and cathode compart-
ments 35, an overflow system, such as overflow
system 386, is provided to allow for withdrawal of
mixed electrolyte liquor from the tank and dif-
fusion zones in a manner whereby the surface
level of the mixed electrolyte solution in the dif-
fusion zones and tank is maintained at a lower

surface level than the surface levels of the 9

anolyte in the anode compartments 34 and the
catholyte in the cathode compartments 85. The
mixed electrolyte solution flowing through over-
flow system 36 flows by gravity through a conduit
such. as pipe 37 into an acid liquor tank 4i. The
acid liquor 4la is pumped by a suitable means
Such as pump 43 through a conduit, such as pipe
44, into a pH correction tank 45. The acid
liquor 41a may be used for pH correction of puri-
fied nickel catholyte or may be employed for other
purposes as desired. -

- Fig. 2 is a sectional view taken on line 2—32 of
Fig. 1 and shows the preferred embodiment of
a nickel liberator cell such as contemplated by

the present invention. In Fig. 2, a refining tank :

32 is provided having a suitable lining 33 and an
overflow. system, such as a goose-neck overflow
system 36. ' A plurality of alternating cathode
compartments 35 and anode compartments 34

are suspended in tank 32 in a manner such as ¢

shown in Fig. 2 whereby the bottom 47 of each
anode compartment 34 rests in a slot 43 of com-~
partment-bearing support 38, and, similarly, the
bottom 45 of each cathode compartment 85 rects

in a slot 58 of compartment-bearing support 38. -

The compartment-bearing support -38 is sup-
ported in the desired position by means of a suit-
able support system, such as supports 39 and
40.. By means of wood spacers 5i in compart-

ment-bearing support 38, the anode compart- 3

ments 34 and cathode compartments 35 are
spaced apart to provide an intervening compart-
ment 52, i e, diffusion zone, between adjacent
anode and cathode compartments. - Each anode

compartment 34 has a suitable insoluble anode :

suspended therein, such as anode 53, and each
cathode compartment 35 has a suitable cathode
54, such -as a nickel starting sheet, suspended
therein. Each anode compartment 34 comprises
a diaphragm on each side of the anode, such as
anode diaphragms 55, and each cathode compart-
ment 35 comprises a diaphragm on each side of
the cathode, such as cathode diaphragms 56,
The anode compartments 34 have a suitable
framework. such as frame 57, for maintaining the
anode diaphragms in substantially - parallel,
spaced-apart-relationship, andg, similarly, the
cathode compartments contain a suitable frame-
work, such as frame 58, for maintaining the
cathode diaphragms in substantially parallel,
spaced-apart relationship. As shown in Fig. 2,
the anode compartment 34 and cathode compart-
ments 35 do not extend to the bottom of tank
32, and in the preferred embodiment, the anode
.compartments 34 and cathode compartments do

<t
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not extend more than about two-thirds of the
depth of the tank. Such an arrangement of
the anode compartments and cathode compart-
ments substantially inhibits the infiltration of
heavy anolyte-catholyte mixture from the inter-
vening compartments 52 into the anode com-
partments 34, and thus the heavy anolyte-cath-
olyte mixture does not come in contact with
the anodes. ‘The heavy anolyte-catholyte mix-
ture in the intervening compartments 52 is with-
drawn from the lower portion of the tank by
means of the overflow system 2§. As shown
in Fig. 2, the surface level of anolyte in the anode
compartments 34 and catholyte in the cathode
compartments 35 is maintained at a higher sur-
face level than the mixed electrolyte in the in-
tervening compartments 52.and tank 32, thus
providing a hydrostatic head in the anode and
cathode compartments. In other words, by con-
trolling the rate of flow of anolyte into the anode
compartment and catholyte into the cathode
compartment, and by proper adjustment of -the
overflow system 38, the surface level of anolyte
in anode compartments 34 and the surface level
of catholyte in cathode compartments 35 are
maintained at a higher level than that of the
mixed acid solution in the intervening compart-
ment 52, thereby providing a hydrostatic head in
the anode compartments 34 and cathode com-
partments 85 with relation to the intervening
compartments 52, and providing flow of anolyte
and catholyte into the diffusion zones in the in-
tervening compartments. . :

Fig. 3 is a view partly in section of a cathode
compartment, and Fig. 4 is a sectional view taken
on line 4—4 of Fig. 3, showing a suitable means
of assembly for a cathode compartment such as
may be employed in a nickel liberator tank such
as shown in Fig. 2. In Figs. 3 and 4, a suitable
cathode bus bar 60 supports the cathode 54 in
the compartment by means of a cathode con-
nection such as shown by the reference numeral
59. Reference numeral 58 shows a suitable frame
construction for-the compartment for maintain-
ing cathode diaphragms 56 in substantially par-
allel, spaced-apart relationship. The bottom 49
of the cathode compartment provides for the
resting of the compartment in siots 50 of com-
partment bearer-support 38, shown in Fig. 2, for
maintaining the cathode compartments  in
spaced-apart relationship with each adjoining
compartment, whereby a diffusion zone, i. e., in-
tervening compartment, is provided between ad-
jacent compartments.

Fig. 5 is an elevational view of g manifold feed
assembly such as may be employed for feeding
anolyte or catholyte to the respective compart-
ments of the novel liberator cell such as shown in
Fig. 2. In Wig. 5, a tank 32 having a suitable lin-
ing 33 is shown provided with an overflow system
36 hereinbefore described in connection with Figs.
1and 2. A riser 38 carries catholyte from a main
feed line into a header such as pipe 61 which
has a series of outlets 62 arranged in a manner

5 such as shown in Fig. 5. Risers 63, preferably

soft rubber tubes, are connected to each outlet
62 on pipe 6! and the free end of each riser 63
is curved over the top of tank 32 whereby the
catholyte flowing through riger 30, pipe 61, and
risers 63 flows into the cathode compartments
suspended in tank 32. Orifice 31 connecting riser
38 to pipe §{ maintains the rate of flow of cath-
olyte at the desired rate into the cathode com-
partments. For feeding anolyte to the anode
compartments 34, a manifold system such as
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hérembefore desctibed for the catholyte feed: may
be employédi . Thus, [in . Fig. 5, a conduit such
gasconduit 27, is shown which carries anolyte, and
which:‘conduit may be .connected .to a suitable
orifice-and assembly. of risérs, to maintain the
dexsired rate of fiow.of anolyte:to the anocde com-
partments i a manner similar to the assembly
of conduit 30, erifice 31, pipe §{ and risers 63 for
feeding of catholyte to the cathode compart-
ments:. | : .

Figo? 5.8 plan view of he bus bars and elec-
trode suspension meéans and Fig. 6 is an élevation
thercof takén on the line 66 of Fig. 7 showibg
theranode and cothodd bus bars shd the means
for: chisining préper o:earances for. the afiede
and:oathods compartments suspérided in thé
tonk,. - In Figs. 6 -and 7, réferénce nilineral 22
shews a: multl—compartment tank, havmg a sult-
able lining 33, in which cempartments the afode

and eathode compartments afe suspended a8 of

shewa i Fig. 8. ‘Cathode bus bat suppotts, sbh
adiwoad strips 66 sipport the cathodé bus bais
80 Bimilarly, atode bus bai stpports, sticH 48
Wwood strips 65, support thé anode bus bars 66,

The anode biis bats 86 and ¢athodé bus bars 68 2

A assembled in & mahher, such as :shown ifi
Pigs: 6 and % wheteby a spaced-apart relation-
ghip:is maintaingd thereby prov1d1ng the inter-
vening evmpartment 52; showii in Fig. 2, betwéen

adjacent compaltments ~Purthermore, Figs. 6 !

and -7 show: a smtable means of assembly for
eurrent-tearrymg ‘hembers §1A, coniniécting o
anode bus bars 68, Whith éafry curréat te the
node bus bars Snmlarly, cmrent carrymg
0, Tcatry current to the cathode bus bars
Ty practrce of the present invention, the
eléctio- réfining tanks; such as the mult1-ce11 tank
of F1g T7; aré conne cted o &ach gther 1n series
and 4. plirality of suéh tafiks cotitiected in this
maunet sonstitutes ai- electfical cireuit. W1th
vaferenee to ¥ig. 7, in the tank cell 324, the anode
pus ‘bars 88 are in-contact with fhe anode. cur-
veht cdrfying ‘members 6TA: The cathode bus

bars 60, in tank cell 32A, are not in contact with !

a eathode - current carrying member, but only
with a2 conductor, i. e. copper, such as shown: by
vYéterence numeral 68, having no outside elec-
trical contacts. The conductor 68 serves to dis-

tribute  the current umformly and, to form an

electiical contact betweén the two tank cells,
i.ce. 32A and 32B, such as shown in Fig. 7. Con-
versel, in tank: cell 32B, the cathode bus bars
60 make countact with cathodée current carrymg
member §1B, and the ancde bus bars 68 contact
conductor 68. Thus; in an arrangement such as
shown by Fig. 7, considering the flow. of current
3hiough the solution from anode to cathode, the
current entering at the anodes in tank cell 324
flows through the solution to the cathodes in
tank cell 324, and out through the cathode bus
bars in-tank cell 32A to conductor 68. Thence,
+he current fows through the anode bus bars 66
4nd anodes in tank cell 32B, through the solu-
tioh to the cathode; and thr cugh the cathode bus
bars 80 to-cathode current carrymg member E'iB

~Pig: 8 is an elevational view, and Fig. 9 is a
sectional view of an anode compartment frame
suth as may be employed in practicing the pres-
ent invention. In Figs. 8 and 9, referénce nu-
rweral’ 3% ‘shows a suitable anode -compariment
Hhaving ‘diaphragms 5% maititained, in the man-
1igs shown, in substantlally parallel, spaced-apart
yelationship. Flg 11 is an elevational view of
an anode 53, attached by suitable means, such

1o

GO

as higs, 54, to an_anode hus. bar 56. . In .y _prag=
tice .of the present mventmn, an anode assemb‘ly
such .as shown .in Fig. 11 is suspended in an
anode compartment frame such as shown. in: Figs,

8 and S to comprrse an. anode compartment. for
suspensmn in a tank, such as tank 32 in Fig. 2.

Fig. 10 is an elevational view of a cathode aSr
sembly. comprising cathode 54 attached by, suits
able means, such. as. cathode connection 89, hold-
ing the cathode to.the bus bar 60. In my prags
tice of the present invention, the.cafhode assem-
bly shown in Fig. 10.is.suspended in the cathode
conpartment in a manner such as shown in Figs.
3snd 4 .

.The. dnode employed ifi the anoée eempart-
ments of -thé novel libérator eeil 6f.thé present
invenition.is an iriscluble atiode, satisfactory €x=
amples of which aré lead afodés or othier. types
of insbluble .anbdes normally employed Wwith 8l

sulfatd eléctiolytes in broegsses for tecovery. of
fiickel. In my practxce of the present inventioi,
I prefer o employ lead anodes 6onta1ﬁ1ng a6t
6% antimony, ds I have found that fhese anodés
perforn. satistactorily and lead is 1ot added to
the €léctrolyté systém as a tesult of the use of
such afiodés:

“The diaphragms empioyed for tihié anddé ad
cathode compartments of thé novel liberatt)r céil
are gerterally of the ac1d résistafit type. In my
pxeferred émbodiment of the’ present mven?trorr
4 duraklad fabric of ¥inyl résin is émployéd: for
thé anode anid cAthodé compartment didphragms:
Still aftother type of diaphragm that hhs vesd
found to bé satisfactory in practlcmg my inven=
tion is & diaphragm consisting of glass clot‘ﬁ

In practicing the presédt ihvention, whier duf=
ing operation of the cell it is’ desired fo réméve
the anodes and cathodés from their respectivé
compartments the aniodes and cathodés ate re-

40 moved singlé from the dompaFtménts by stittabls

means, such as 2 traveling crane, thé hook 6f
which is attached to the anode or cathode bar
of the electrode to be removed and the electrode
is lifted out of the compartment. Similafly,
anodes and cathodes are lowered into place singly
into the respectlve compartments.

The cathodes employed in the cathode com-
partments of the novel liberdtor cell may beé of
suitable types generally used in electro-winning
of nickel by electrodeposition. In my preferred
embodiment of the present 1nvent1on I employ
nickel starting sheets, such as are well known
to those skilled in thé art, for the cathodes in
the cathode compartments.

In my novel process for recovery of nickel from
a chlorlde-mn contammg éatholyte, employihg a
novel hberator cell, such as provided by the pres-
ent invention, ah aqueous acid solution substan-
tially free of ¢hloride-ion is eriiployed as theé aho-
1yte. A suitable anolyte is afi ddueous golution

‘containing sulphurlc acrd THe aeid content of

the anolyte is determmed by the acidl reduire-
ments of the e1ectrolyte systern as & Whole but
suﬂiment acid Should be bresént to make the
anolyte 2 good conductor. In my practlce of the
present mventlon the acid réduiretients of the
system -are such that the a01d ¢oncentration of
the anolyte is mamtamed at about 10 to 20 grams
per liter of sulphurie acld ‘and preferably abou‘t
10 grams per liter. I employ ‘an ‘agiieous anolyte
containing about 10 grams per liter of H:S04 8%
I have found that 4t this &cid ‘concentration, the
conductlvrty of the anolyte is satlsfactory. In
other appllcatmns wherein the ac1d requir ients

75 of the system ifiay be ‘greater, the ‘Held corcei-
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tration of the anolyte may be proportionately in-
creased. The upper limit of acid concentration
in the anolyte in any application is determined
by the corrosive action of the mixed acid electro-
lyte formed in the middle compartments, such
as middle compartments 52 in Fig. 2. For most
practical purposes, an anolyte containing up to
about 50 grams per liter of H2S04 has been found
to be satisfactory.

The anolyte is preferably maintained at s tem-
perature of about 100° P, to 140° . as when tem-
Dberatures exceeding about 140° F. are employed,
the diaphragm fabrics and tank linings may be
.deleteriously affected. Lower temperatures than
about 100° F. may be employed, but use of such
lower temperatures results in higher power con-
sumption in operation of the novel process de-
scribed herein for recovery of nickel. A temper-
ature range of about 120° F. to 130° F. has been
found to be satisfactory for the anolyte, as use
of temperatures within this range provides the
desired results and also allows for absorption of
heat generated in the event that local short cir-
cuits may occur in the system.

In my particular application of the novel proc-
ess embodied in the present invention, current
densities within the range of about 20 to 50 am-
beres per square foot have been found to be en-
tirely satisfactory, and preferably, are employed
in practicing the present invention. Although
current densities less than about 20 amperes per
square foot may be employed, the use of such
lower current densities necessitates employing a
large number of tanks to remove the desired
quantity of nickel.
ceeding about 50 amperes per square foot, I have
found that use of such high current densities re-
sults in production of exceedingly rough cath-
odes, and therefore, it is preferred that a current
density of less than about 50 amperes per square
foot may be employed.

In general, the catholytes that may be em-
ployed in practicing the present invention are
similar to those set forth in my application, Se-
rial -‘No. 472,471, now United States Patent No.
2,394,874, relating to the electro-refining of nick-
el with sulfate-chloride electrolyte. Thus, an
aqueous catholyte that can be satisfactorily em-
ployed in the present invention contains sbout

40 to 60 grams per liter of nickel, about 27 to 30

grams per liter of chloride ion, and about 71 to
120 grams per liter of sulfate ion. The pH of the
catholyte is preferably maintained at pH 4.0 to
5.0 at a temperature of 100-120° P, In my pre-

ferred embodiment of the present invention, I ;

employ an aqueous catholyte having the follow-
ing composition:

Constituent . Grams per Liter

About 40 to 60,

-| About 20 to 30

-| About 27 to 30
About 71 to 120

-| About 15 to 25
About 0.601 to 0.01
About 0.0001

About 0.0002 to 0.0005
About 0.0001

About 0.0001

Although the exact nature of the phenomena
explaining the conductance mechanism for the
satisfactory performance of the novel liberator
cell has not been definitely ascertained, it is be-
lieved that the following discussion will be help-
ful in understanding the principles underlying
the conductive mechanism providing for the nov-

As for current densities ex- 3:
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el results obtained by employing the present in-
vention. ' In the cathode compartment of the
novel liberator cell, the conditions to be fulfilled
to allow the flow of current through the catholyte
are that eithér cations or anions or both anions
and cations pass through the cathode diaphragm.
In the present application, I impose the condi-
tion that all the current must be carried through
the cathode diaphragm by the anions. This, I
believe takes place in the following manner: at
the instant of discharge of a nickel ion, giving
up its two positive charges, a sulfate anion or
two chloride anions must migrate out of the cath-
ode compartmen$ to maintain ionic equilibrium
within the compartment. This flow of free an-
ions through the diaphragm constitutes a flow of
electrons or negative electricity towards the an-
ode.  Similarly, at the anode compartment, I im-
pose the condition that all the current must be
carried through the anode diaphragm by the cat-
ions. The mechanism, I believe, is as follows:
within the anode compartment, oxygen is liber-
ated at the anode at 1009 current efficiency as a
result of hydroxyl ion discharge. At the instant
of discharge of 2 hydroxyl ion, giving up its unit
of negative charge, a hydrogen ion carrying a
unit of positive charge must migrate through the
anode diaphragm to maintain ionic equilibrium
within the compartment. The continuous fow of
these free positive ions towards the cathode con-
stitutes a flow of positive electricity. Combining
the two compartments by placing between them
a middle compartment containing an elecirolyte
constitutes an electrolytic cell, the overall opera=
tion of which may be described as follows: in the
middle compartment, the ions are free to move
under the influence of the electric current and
the cations will migrate towards the cathode
while the anions will move in the opposite direc-
tion. The fraction of the total current carried

by either the cations or the anions will be deter-

mined by their respective mobilities. Thus when
current is flowing through the cell, there is a
transfer of cations in the direction of the cathode
and of anions in the direction of the anode. At
any given plane in the middle compartment, the
net transfer of cations at the plane is equivalent
to the sum of the cations migrating into the plane
and of the cations migrating out of the plane.
The quantity of matter transferred must be
equivalent to one equivalent weight per Faraday.
There is, therefore, a boundary of cationg moving
towards the cathode and a similar boundary of
anions advancing towards the anode. In the vi-
cinity of either diaphragm, the advancing bound-
aries of anions and cations meet a flow of oppo-~
sitely charged ions which stream through the
diaphragm, and a narrow diffusion zone is thus
set up in the immediate vicinity of both dia-
phragms. These diffusion zones form the actual
boundaries between the electrode compartments
and the middle compartment. At these bounda-
ries, a free exchange of ions can take place and
the electrical circuit is completed between the
anode and the cathode. Hence it may be con-
sidered that the diaphragms act as mechanical
barriers preventing the diffusion of ions, while
the diffusion zones form the permeable bound-
aries which allow the free ionic exchange "and
thus allow for an unhindered flow of current.
Although the believed reasons hereinbefore given
for the novel results obtained by practicing the
present invention are recited above, it is to be
understood that the theory for these reasons may
change. However, regardless of the reasons un-
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"derlying thé 1mproVed results obtained: with the
‘piesent invention, it hias been found that by em-
‘ploying the novel cell sind process employing that
‘¢ell, T have pr0v1ded for efficierit recovery of nick-
el at g cathode from & ¢hloride~ion’ containing
eIectroiyte without liberation of chlorine at in-
'soluble anodes.

-Thx order that those s‘nﬂed in the dart may have
a better understanding of the present invention,
jthe followmg example is given, employmg a hovel
jhbel ator cell; such as: ‘described in Fig: 2, for
'recm,ery of mnickel from a sulfate-chloride nickel
electrolyte withiout liberation of chlorine at the
-anodé.

‘Exdmple

-In ‘an arrangement; sich-as shown in Fig. 2,
ar 8lectro-refining tank having an overflow sys-
tar is filled with & mixed deid électrolyte in the
following manner:

Anrgqueous solution containing about 10 grams
per liter of sulfuric-acid is run into the tank until
the Hauor Tevel reaches the top of the compart-
‘ment supports 38. -Anoclyte; an agueous solution
~containing-about 10 grams per liter of sulfuric

acid, is-then introduced into the anode compart- :

-ments 3& and catholyte, i. e. an agueous solution
contgining sulfate;:chloride ‘and nickel ions, is
‘introduced into catiiode compartments 35. - Both
anolyte and catholyte are-introduced. into the
‘respective compartments at rates of flow suffici-
entlyrapid to maintain anadequate flow through
the- respective-diaphragm to prevent: -infiltration
of foreign tons inte the anode and cathode com-
-partments. - Sulfuric - acid -solutions, similar to
-that introduced-into the tank,are introduced into
‘the middle compartmets 52 at the same time as
the -anolyte is introduced-into:the anode com-
partments-and catholyte- into-the cathode com-
partments, at a reduced-rate of flow to maintain
the lquoér level in the middle compartments below
-the liguor levels in-the cathode-and:'anode-com-
-partments, i.-e. such as-about 2. inches below the
- Houor levels in the-anode 'and cathode. compart-
-ments.-- As-soon as-the liquori levels in the:three
-compartments,-ancde compartments 34, cathode
-compartments 35- and middle compartments 52,
have reachied the: :desired operating levels; the ﬁow
of sulfuric-acid solution to-the -middle: compart-
‘ments is stopped - ‘and-the flow of anelyte and
ca,tho}yte is-allowed to-proceed. at-the desired rates
through the respective-orifices: - The fank is then
~ready for opergtion. - The anode: compartments,
containing 6% antimony-lead anodes, and-cath-
ode compartments, - containing nickel- starting
sheets 4s cathodes are arranged in- the tank in
the manner shown in- Fig. 2... In my-practice of
the present mventmn the novel liberator.cell-con-
tams 94 cathode and 25-anode compartments.
‘A one mch space separates- -the anode compart-
_ments fr om ‘the cathode eompartments .and- the
‘intervening -spaces- constitute the middle .com-
partments
" -The punﬁed n1ckel electrolyte contaimng about
56-57 srams per liter of nickel, 27-30- grams. per
lifer of ehlonde 1on ‘and 7i-120 grams per. liter
’of Suifaté ion is fed into the cathode compart-
ments atd rate of 300 milliliters per minte while
an agueous soliition containing. 10 grams pér liter
‘of H2S04 is fed into the anode compartments at
“a rate of 500 milliliters per minute. -During op-
‘eration of tHE cell, the niixed: acid liquor from the
‘middle’ compartments and tariks is continuously
"remoVed by Taeans’ of thie ‘overflow systeri. “The
rate “oF “fow of anolyte ‘gt about’ 500 mllhhtere
“per ‘tHinute intd’ the anode” coinpartments; and
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-anolyte into-the anode: comrartmcnts anri cath-

grams- per Jiter of HzSOu.

_reguired for the purpose.
“present invention, each nickel liberator cell of
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catholyte at 300 milliliters per minute mto thé

‘cathode compartment has been found to be 4
“gufficient rate of

fiow to provide a hydrostatm
head in-these compartments with respect o the
intervening compartments and to provide a flow
of anolyte and catholyte into- the 1ntervemn’7
The satisfactory rate of. ﬂow of

olyte into the cathode com partiments, Whereby a
hydrostatic -head is maintained in these com-
partments with relation to the electrolyte m the

“intervening compéartments to insure flow of an-

olyte and catholyte into the intervening com-
partments is & ietermined by taking. intoc consid-
eratlon factors infiiencing maintaining  of the
hydrostatlc head. -Such factors include the rela-
tive depth of the electrode compartments and the
intervening compartments; the specific gravmes
of the anclyte and catholyte and the porosity of

: the dla,phragme

CThe temperature of the anolyte and catholyte
is maintained at about130° B The total current
flowing through the- tank is 6500 amperes and 2
voltags of 6.5 volts providing an. anode and cath-

“ode cunent density of approximately 30 ampéres

per square foot.

During operation cf the-cell, the catholyte con-
tainihg 56-57 grams peér liter of nickel, ﬁows to
each cathode compartment at 300 m111111ters per
mlr'ute At each ‘cathode, “4.9 grams of nickel

‘gre Temeoved from solution per minuté, Thus the

‘depleted mickel electlolyte flowing through ttie
cathode dlaphxagm has a nickel content of ap-
prox1m9te1y 40 grams per liter. At each anode,
oxygen is liberated at 100% current eﬁimency
with-a- sm‘ulta'leous liberation of hydmgen ions.
This results in the pmductxon at- each anode of
@ enantlty of acid. equxva‘ent to 7.9 grams of
HiSOs per minute. - ‘Sinée. anolyte contemmg 10
grams pér liter of HiSOz flows to each anode
compartment at the rate of ‘500 mililiters per

“minute, the anolyte flowing tnrough the anode
‘diaphr g ‘has a total acid content equivalent to

25 8 grams-per Titer of H2S0:.

" The anolyte and ¢atholyte f'rowmg through the
‘dmphx agi are mixedin the middie compart nénts
to form an acid élect: rolyte: liguor containt ng ap-
pro‘nmately 15 -grams per liter of nickel ard 16
The acid liqhor flows
from the-tank by means of the ov elﬁow system

-and is used for pH correction of theé purified

nickel - €lectrolyte and replaces an equwalent
‘quantlty of H:SOx which would otherwise be
Inmy operation. of the

the type shown in Fig. 2, operating at a total
current of 6500 ainperes per square foot removes
approximately 375 1Bs. of nickel pér day from the
electrolyte system and produces a quantity of acid
approxmlately equlvalent to 625 1bs. of Ha2SO4
per day. -During electrolysis, heavy liquor; infil-
tration from the middle compartments into. the
lower portions of the anode compartments is: sub-
stantially eliminated, and -thus, the anode ¢com-
partments are substantially free of chloride ions,
and as a résult, chlorine is not iiberated at tHe
anode. Hence, nickel is refmoved efficiently ab the
cathodes without liperation of chlorine at fhe

‘griodes.
70

The rovel-eiectrolytic - ceil- described in- the

‘présént gpplication is claimed-in my 60~ pendmg
-divisional @pplication ‘Serial Nbo.- 15,925, fited on
‘Malch 19,1948,

- Although- the -present: inventiorn-has been de-

75 Seribed in- conjunctions with -eertain- ‘prefen‘ed



2;480,‘7 .7 1:

i3

embodiments thereof, those skilled in the art will
readily recognize that variations and modifica-
tions can be made. Such variations and modifica-
tions are to be considered to be within the purview
of the specification and the scope of the appended
claims. Thus, although the present invention
has been described in conjunction with a multi-
cell arrangement, as shown in Figs. 1 and 2, it is
within the scope of the present invention to in-
clude unit nickel liberator cells, as for example
lberator cell comprising a suitable receptacle
provided with a suitable overflow and having an
anode compartment and cathode compartment
suspended therein separated in a manner whereby
the space separating the two compartments con-
stitutes a middle compartment, thereby forming
a 3-compartment cell. Furthermore, although
the present invention has been described in con-
Junction with an aqueous sulphuric acid ‘anolyte
and a chloride-ion-bearing catholyte, it is within
the scope of the present invention to include the
electrolysis of solutions containing two or more
different anions where it is desired to prevent the
anodic reaction of one or more of the anions.
However, in employing a solution containing one
or more anions, the anolyte employed and the
product of the anode reaction must be compatible
with the electrolyte and process as a whole. Con-
versely, it is within the scope of the present inven-
tion to include electrolysis of a solution where
it is desired to prevent cathodic reaction of one of
the constituents of the solution.

Iclaim:

1. A process for the electrolytic recovery of
nickel from aqueous nickel-containing solutions
which comprises introducing into an acid-resist-
ant, diaphragmous-walled cathode compartment
containing a cathode a solution consisting essen-
tially of water with hydrogen ions to provide a
PH of about 4 to about 5 and with about 56 to
about 57 grams per liter of nickel, about 27 to
about 30 grams per liter of chloride ions, about
71 to about 120 grams per liter of sulfate ions,
and about 15 to about 25 grams per liter of boric
acid, said solution being at a temperature be-
tween about 100° ¥. and about 120° B.; introduc-
ing into an adjacent, acid-resistant, diaphrag-
mous-walled anode compartment containing an
insoluble lead anode having a content of about
6% antimony and spaced apart from said cathode
compartment by an intervening compartment
having common diaphragmous walls with said
anode compartment and said cathode compart-
ment a solution consisting essentially of water
with about 10 grams per liter of sulfuric acid but
substantially devoid of chloride ions, said solu-
tion being at a temperature between about 100° P,
and about 140° F.; maintaining the level of each
of said solutions in the respective compartments
sufficiently high to cause each of said solutions to
flow through the respective diaphragmous walls
to form mixed solutions in said intervening com-
partment located between and connecting said
anode compartment and said cathode compart-
ment; withdrawing the mixed solutions from said
intervening compartment at a level below the
depths of both the anode compartment and the
cathode compartment at a rate sufficient to main-
tain the level of the mixed solutions in said inter-
vening compartment below the respective levels
of the solutions in said anode compartment and
said cathode compartment and to maintain the
respective flows of said solutions into the inter-
vening compartment; and passing electric cur-

rent through the solutions between said anode
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and said cathode at an anode current density be-
tween about 20 and about 50 amperes per square
foot to deposit nickel on the cathode whereby
nickel is electrolytically recovered from aqueous
solutions containing nickel and chloride ions
while substantially preventing evolution of chlo-
rine gas at the insoluble anode.

2. A process for the electrolytic recovery of
nickel from aqueous nickel-containing solutions
which comprises introducing into an acid-resist-
ant, diaphragmous-walled cathode compartment
containing a cathode a solution consisting essen-
tially of water with hydrogen ions to provide a
PH of about 4 to about 5 and with about 40 to
about 60 grams per liter of nickel, about 20 to
about 30 grams per liter of sodium, about 27 to
about 30 grams per liter of chlorlde ions, about

71 to about 120 grams per liter of sulfate ions
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and about 15 to about 25 grams per liter of
boric  acid; introducing into an adjacent, acid-
resistant, diaphragmous-walled anode compart-
ment containing an insoluble lead anode and
spaced.apart from said cathode compartment by
an intervening compartment having common dia-
phragmous walls with said anode compartment
and said cathode compartment a solution con-
sisting essentially of water with sulfuric acid but
substantially devoid of chloride ions; maintaining
the level of each of said solutions in the respective
compartments sufficiently high to cause each of
said solutions to flow through the respective dia-
phragmous walls to form mixed solutions in an
intervening compartment located between and
connecting said anode compartment and said
cathode compartment; withdrawing the mixed
solutions from said intervening compartment at
a level below the anode at a rate sufficient to
maintain the level of the mixed solutions in the
intervening compartment -below the respective

« levels of the solutions in the anode compartment

and the cathode compartment and to maintain
the respective flows of said solutions into the
intervening. compartment; and passing electric
current through the solutions between said anode
and said cathode to deposit nickel on the cathode
whereby nickel is electrolytically recovered from
aqueous solutions containing nickel and chloride
ions while substantially preventing evolution of
chlorine gas at the insoluble anode.

3. A process for the electrolytic recovery of
nickel from- aqueous nickel-containing solutions
which comprises introducing into an acid-resist-
ant, diaphragmous-walled cathode compartment
containing a cathode a solution consisting essen-
tially of water with hydrogen ions to provide a pH
of about 4 to about 5 and with about 40 to about
60 grams per liter of nickel, about 20 to about 30
grams per liter of sodium, about 27 to about 39
grams per liter of chloride ions and about 71 to
about 120 grams per liter of sulfate ions; intro-
ducing - info an adjacent, acid-resistant; dia-
phragmous-walled anode compartment contain-
ing an insoluble anode and spaced apart from
said cathode compartment by an intervening
compartment having common diaphragmous walls
with said anode compartment and said cathode
compartment a solution consisting essentially of
water with about 10 to about 20 grams per liter
of sulfuric acid but substantially devoid of chlo-
ride ions; maintaining the level of each of said
solutions in the respective compartments suffi-
ciently high to cause each of said solutions to flow
through the respective diaphragmous walls to
form mixed solutions in an intervening compart-
ment located between . and connecting said anode
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compartment and said cathode compartment;
withdrawing the mixzed solutions frem said inter-
vening compartment at a level below the anede
at a rate sufficient to maintain the level of the
mixed solutions in the intervening compartmens
below the respective levels of the solutions in the
anode compartment and the cathode compars-
ment and to maintain the respective flows of said
solittions into the intervening compartment; and
passing electric current through the selutions be-
tween said anode and said cathcode to deposit
nickel on the eathode whereby nickel is electro-
lytieally recovered- from aqueous solutions eon-
taining nickel and chloride ions while substan-
tially preventing evolution of chlorine gas at
the insctuble anede.

4 A process for the electrolytic recovery of
nickel from agueous nickel-eontaining: solutions
which comprises infreducing into an acid-resist-
ant, diaphragmous-walled cathode compartment
containing a cathede a solution consisting essen-
tially of water with hydregen ions'to provide a pH
of about 4 to about 5 and with about 40 to about
69: grams per liter of nickel, about 27 to about 30
erams per liter of chloride ions and about 7t to
abeut 120: grams per liter of sulfate ions; intre-
ducing into: an adjacent, aeid-resistant, dia-
phragmous-walled: anode compartment conbain-
ing an insoluble’ anode and spaced apart from
saidieathode compartment by an intervening com-
partment  having: common diaphragmous walls
with: said anode eompartment and said cathode
comparbtment a solution consisting essentially of
water with about 10 to abouf 20-grams per liter
of sulfuric acid buf substantially. devoid of chlo-
ride: ions; maintaining the level of each of said
solutions in the respective compartments suffi-
ciently high fo cause each- of said solutions to
flow through: the respective- diaphragmous walls

to- form mixed solutions in an intervening com- &

partment located betweéen and connecting said
anode compartment and said cathode compart-
ment; withdrawing the mixed solutions from said
intervening compartment at a level below the
depth: of the anede compartment at a rate suffi-
cient to: maintain the level of the mixed solutions
in the intervening comparitment balow the respac~
tive levels of the solutions in-the anode compart-
ment and the cathode compartment and to main-
tain the respective flows of said solutions into the
intervening compartment; and passing eleetrie
current through the solutions between said anode
and said cathode to deposit nickel on the cathode
whereby nickel is: electrolytically recovered from
aqueous. solutions containing nickel and’ chloride
ions while substantially preventing evolution of
chlorine gas at the insoluble anode.

5. A process for the electrolytic' recovery of
nickel from aqueous nickel-containing solutions
which comprises introducing into an acid-resist-
ant, diaphragmous-walled cathode compartment
containing a cathode a solution consisting essen-
tially of water with hydrogen ions to provide a pH
of about 4 to about 5 and-with about 40 to-about
60:grams per-liter of nickel, about 27 to about 30
grams per liter of chloride ions and about 71 to
about 120 grams per liter of sulfate ions; intro-
ducing into an adjacent, acid-resistant, dig-
phragmous-walled anode compartment contain-
ing an insoluble anode and'spaced-apart from said
cathode compartment by an intervening com-
partment having common diaphragmous walls
with said anode compartment and said cathode
compartment a solution consisting: essentially of
water with a small'amount up to about 50 grams
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per Hiter of sulfuric acid but substantially devold
of chloride ions; maintaining the level of each of
said solutions in the respective eompartments
sufficiently high to cause each of said solutions
to flow through the respective diaphragmous
wats to form mixed solutions in an intervening
compartment located between and connecting
said anode compartment and said cathode com-
partment; withdrawing the mixed solutions from
said intervening compartment at a level below
the anode at a rate sufficient to maintain the level
of the mixed solutions in the intervening com-
partment below the respeetive levels of the solu-
tions in the anode compartment and the cathode
compartment and to maintain the respective flows
of said solutions inte the intervening compart-
ment; and passing electric current through the
sclutions between said anode and said cathode to
deposit nickel on the cathode whereby nicket is
electrolytically recovered from aqueous solutions
cenbaining nickel and chloride ions while sub-
stantially preventing evolutior of chiorine: ga.s
at the insoluble anode.

6. A process for the electrolytic rﬁcovery of
nickel from aqueous’ nickel-centaining solutions
whiich comprises introducing into an acid-resist-
ant, diaphragmous-walled cathode compartment
containing a cathode g solution consisting es-
sentl 21y of water with hydrogen ions to provide

a pH of ahout 4 to about 5 and with about 40 to
about 60 grams per liter of nickel, about 27 to
about 30 grams per liter of chloride ions, gbout
71 to about 120 grams per liter of sulfate ions
and about 15 toabout 28 grams per lifer of*boric
acid; introducing into an adjacent, acid-resist-
ant, diapnragmous-walled anode compartment
containing an inscluble anode and spaced apart
frem said cathode compartment by an interven-
ing: compariment having commrion disphragmous
walls with said anode compartment and said
cathode compartment a solution consisting es-
sentially of water with sulfuric acid but substan-
tially devoid of chloride ions; maintaining the
level of ecach of said solutiens in the respective
compartments sufficiently high to cause each of
said solutions to flow through the respective di-
aphragmous walls to form mixed solutionsin an
intervening compartment located between and
connecting saild anede compartment and said
cathode compartment; withdrawing the mixed
solutions: from said intervening compartment at
& level below: the anode at a rate sufficient to
maintain the level of the mixed solutions in the
intervening comparitment below the respective
levels of the solutions in the anode compartment
and the cathode compartment and to maintain
the respective flows of said solutions into the in-
tervening compartment; and. passing electric
current through the solutions between said anode
and-said cathode to deposit nickel on.the cathode
whereby nickel is electrolytically recovered from
agueous. solutions. containing nickel and chloride
jons while substantially preventing evolution. of
chlorine gas at the insoluble anode.

T. & process for the electrolytic recovery of
nickel from aqueous nickel-containing solutions
which comprises. introducing into an acid-re-
sistant, diaphragmous-walled cathode compart-
ment containing a cathode a solution. consisting
essentially of water with. hydrogen ions ta pro-
vide a pH'of about 4 o about 5 and with nickel,
sodjum, chloride ions, sulfate ions and boric aeid;
introducing into an adjacent, acid-resistant,
diaphragmous—walled .anode compartment. con-
taining an insoluble anode and spaced aparf



2,480,771

17

from said cathode compartment by an interven-
ing compartment having common diaphragmous
walls with said anode compartment and said
cathode compartment a solution consisting es-
sentially of water with sulfuric acid but substan-
tially devoid of chloride ions; maintaining the
level of each of said solutions in the respective
compartments sufficiently high to cause each of
said solutions to flow through the respective di-
aphragmous walls to form mixed solutions in an
intervening compartment located between and
connecting said anode compartment and said
cathode compartment; withdrawing the mixed
solutions from said intervening compartment at
a level below the anode at a rate sufficient to
maintain the level of the mixed solutions in the
intervening compartment below the respective
levels of the solutions in the anode compart-
ment and the cathode compartment and to main-
tain the respective flows of said solutions into
the intervening compartment: and passing elec-
tric current through the solutions between said
anode and said cathode to deposit nickel on ths
cathode whereby nickel is electrolytically recov-
ered from aqueous solutions containing nickel
and chloride ions while substantially preventing
evolution of chlorine gas at the insoluble anode,

8. A process for the electrolytic recovery of
nickel from aqueous nickel-containing solutions
which comprises introducing into an acid-re-
sistant, diaphragmous-walled cathode compart-
ment containing a cathode g solution consist-
ing essentially of water with hydrogen ions,
nickel, chloride ions, sulfate ions and boric acid;
introducing into an adjacent, acid-resistant, di-
aphragmous-walled anode compartment con-
taining an insoluble anode and spaced apar} from
said cathode compartment by an intervening
compartment having common diaphragmous
walls with said anode compartment and said
cathode compartment a solution consisting es-
sentially of water with sulfuric acid but sub-
stantially devoid of chiloride ions; maintaining
the level of each of said solutions in the re-
spective compartments sufficiently high to cause
each of said solutions to flow through the re-
spective diaphragmous walls to form mixed SO0~
lutions in an intervening compartment located
between and connecting said anode compart-
ment and said cathode compartment; withdraw-
ing the mixed solutions from said intervening
compartment at a level below the anode at z
rate sufficient to maintain the level of the mixed
solutions in the intervening compartment be-
low the respective levels of the solutions in the
anode compartment and the cathode compart-
ment and to maintain the respective flows of
said solutions into the intervening compart-
ment; and passing electric current through the
solutions between said anode and said cathode
to deposit nickel on the cathode whereby nickel
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is electrolytically recovered from aqueous so-
lutions containing nickel and chloride ions while
substantially preventing evolution of chlorine gas
at the insoluble anode.

9. A process for the electrolytic recovery of
nickel frotn aqueous hickel-containing solutions
which comprises introducing into an acid-re-
sistant, diaphragmous-walled cathode compart-
ment containing a cathode an acid solution con-
sisting of water, hydrogen ions, nickel and chlo-
ride ions as essential ingredients: introducing
into an adjacent, acid-resistant, diaphragmous-~
walled anode compartment containing an insol-
uble anode and spaced apart from said cathode
compartment by an intervening compartment
having common diaphragmous walls with said
anode compartment and said cathode compart-
ment a solution consisting essentially of water
with acid but substantially devoid of chloride
ions; maintaining the level of each of said so-
Iutions in the respective compartrments sufici-
ently high to cause each of said solutions %o fiow
through the respective diaphragmous walls to
form mixed solutions in an intervening com-
partment located between and connecting said
anode compartment and said cathode comparg=-
raent; withdrawing the mixed solutions from said
intervening compartment at a level below the
anode at a rate sufficient fo maintain the level
of the mixed solutions in the intervening com-
partiment below the respective levels of the 50~
lutions in the ancde compartment and the cath-
ode compariment and to maintain the respective
flows of said solutions into the intervening com-~
bartment; and passing electric current through
the solutions between said anode and said cath-~
ode to deposit nickel on the cathode whereby
nickel is electrolytically recovered from aque-
ous solutions containing nickel and chloride ions
while substantially preventing evolution of chlo-
rine gas at the inscluble anode.

LOUIS SECONDO RENZONL.
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