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PROVISIONAL SPECIFICATION.
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The following specification describes the nature of this invention.

This iz an invention by BIMAN BIHARI DEY,
HANDADY VENKATAKRISHNA UDUPA, SRINIVASA
EAMPATH AND RAMANATHAN VISWANATHAN,
all of the Central Electrochemical Research Iasiituie,
Karaikudi, Indla, all Indian citizens.

This invenimon re‘ales to a process for the elactrolytic
preparation of cuprcous coxide ny a new techniaue.

Cupious oxide was prepared for the first time by
the electrolyt.c method using stationary snode by
Yorenz 1n 1886, followed later by other workers who
mamly tackled the problemn srom a purely academic
"iew~point, Important process details so essential for
manufacture on & practweal sczle had not been published
in delail in the avai'able iiterature. Some of the deta.ls
of the process developed in the Central Electrochemical
Research Institute, using staticnary anodes have clieady
been published. As a result of further investigalion
carried out in these laboratories a new techmigque has
been developed for the lectroiytic preparation of cup-
rous oxide, the deta ls of which are given in the follow-
ing paragraphs.

The present .nvention iz characterised in that a2 new
technique of rolating anode ;s employed for the first
time for the electrolyiic p-eparation of cuprous exide.

Thus, according to the present invention, a soluiion
of sodium chloride and an 2lkali is electrolysed in a cell
w th shest copper as calhode end pure or refined copper
as rofating anode.

Preheated (65°C to 95°C, but preferably 80°C)
electrolyte, containing rot less than 10 per cent. sodivm
rhloride by weight, preferably a saturated sodium chlo-
ride solution and 0.3 to 5 gpl. alkali (expressed as sodium
hydroxide) are fed intoc the cathode chambers of an
elerirvolyt.c cell in which sheet copper is used as cathede
end pure or refined copper 1s employed as rotating
anode and wherein the rate of fAow of the electrolvie is
such that the ezikalinity of the bath is always main-
tained at the specified optimum range, viz., 0.3 gpl. 1o
5 anl expressed as sodium hvdroxide.

The main advantage gained hy the use of rolating
snodes is that a much h gher current density than what
is the practice at present with the anodes in a station-
ary condition can be used. The use of high current
density in turn leads to a shorter duration of electro-
lysis which mesns sav ng in man-hours and machine-
hows dur ng the process of manufacture.

This new technigue as has been found can be utilised
with advantage even beyond the current density of 5

.amp./dm*. which happens to be the optimum value

fo: a stationary anode.
The foliowing table gives the comparative data
htained under identi.cal cond.tions, the current dens.ty
having been varied from 5 to 20 arp./dm’ using both
the stationary and rotating ancdes for the preparation
P’t_cuprous oxide.

' STATIONARY ANODE. ROTATING ANODE,
Current | 777 “—“_'_1'_ I
4 sty | Pyrity. | Enargy (Colour of] Purity. | Energy | Colour of
{Amp/ conaum- |Prodact. vonsmm- | product.
dra?) ption/th. ption'lh
Kw. hr. Kw. hr.
5  Standard) 0-234 (Bright 0-22 | Uniform.
{869) red. .
10  Fallebe- |+ 027 Ligh- | Stands-d 028  Shade
| lowths || fens m | purity on |thmu-
13 etandard | 0-31 !.shad.e‘J shove. 029 ghout
wvalue. |} ! | the
0-4] |} 031 1 range.

[

Saturated sodium chloride solution with 06 gpl
alkaii {as NaOH} wes electrolysed for one hour at 80°C.
Rate of circulation was kept constant at the proper

value

As seen from the table the purity of the product
obtained is adversely afiected by incresse in current
density at & statiorary anode Product conforming to
the Ind an Standard Specifications is obtained only when
the current dens.ty s maintained at 5 amp./dm*’. But
when thie anode is rotated, the purity of the broduct
remaing high beyond the current density of 5 amp., ém’.
Also it can be noticed that for a particular current
density energy consumption (D.C.) is less at a rotating
anode.

A mere important point in favour of the rotating
ancde is that uniformly good results are obtained over
a very wide range of current density. The colour of
the preduct is suscept.ble even to a slight change in
current demsity when the apode is stationary hut at a
rotating anode the colour of the prodoet remains uni-
form over & wide range of current density,

By using this new technigue it is possible to use a
very w.de range of current density, say from 5 amps/
dm’ to 18¢ amps/dr-" and to obtain product of better
pur.ty than .s cblained at slationary anodes under
same current density conditions. Poss.bility of using
high current densiy also leads t0 increased cell capacity
ang thereby [zads to iower initial investment and floor
space. Alterpatively for the same installed cell, a
shortening of the duration of the electrolysis could lead
to a saving in moan-hnurs and machine-hours and to a
cuti ng down of the cost of heat.ng the electrolyte.
Wide range of current density also permits a judiclous
choice of p-ocess conditions depending on the avail-
ability and ithe cost of electricity. More than anything
else the new technique also permits a certain adjust-
ability of the plant znd the process to produce more lor
the same installation daring off peak hours when power
micht be suppied eheaper in certain localities.

The invention will now be described with the help
of accompanying drawings,

The Flectrolytic Cell: (Fig. I) The cell used In
small-scale investitation consists of a glass basin (A)
which is kept inside a wooden box (B} and is insulated
by filling the space in between with saw-dust. A syphon
(C) serves for the removal of the product along with
the anolyfe. Two diaphragms (I} made of canvas
wrapped around a glass-frame (or hard-rubber frame)
are supported on either side of the rotating anode (E)

On a large-scale a reinforced cement concrete cell
whirh iz a sguare or c reular container (rectangular
or ova' if more than one anode assembly is to be used)
provided with a conical bottom and an opening at the
botiom could be used. Glass or glass-lined equipment,
asphalt-coated wooden tanks, ceramic-ware or metal
containers with suitable protective coating could alse
be uzed as cells.

Anode Assembly: The anodes could be (a) a solid
rod, eg., cylindrical rods Fig. 2, (i} (b) pipes Fig. 2,
(1) or sheets bent into a cylindrical form Fig. 2, (iiD),
{cy satr'ps of sheet copper suspended from suitable
balanced arms or from a circular frame; eg., strips of
pure copper sheet suspended from arms as shown in
Fig. 2, {iv), Fig. 2(v) and Fig. 2{v.} or {d) copper discs
mounted on a copper shaft which iz protected from thes
elecirolyte, rotating either verticaly Fig. 2(vil) or hori-
zontally Fig. 2(vii1).

When conly two str'ps are to be used 285 anods tha
set-up as in Fig. 2 (ivy is used. When 4 sirips are fo
e used, the set-up as shown in Fig. 2 (v) is used.

Price : TWO RUPEES,
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Wher however mgre then 4 cirips are (¢ me bsed the
nuamoer of arms couid be inereasea in twos so az 10
get a balanced cysiem for rotation. A ring made cui
of a Hat-strip of copper supported in ihe cenire as in
Fig. 2 (v:) carrying iwo, four, six or more sirips as
per need could also serve as an anode assembly for
strips. The width of the strips is to be limited fo a
value, which as far as possible would form part of the
circumference of the circle whieh the anode foims in
its rotation inside the anolyte. If the srip is too wide
then the movement of the sirip through the anclyie
would lead fto too much of turbulence and the anode
gurface would not have the desired metal-liguid shear.
The strips may however be so bent as to make the sur-
face of the stmips conform to portions oi the cireums-
terence of the circle which the anode forms within the
anolyte during its rotation. The number of strips
eculd be increased with the idea of increasing the
ancde area as well as the cell-capacity, with this limmit
that ithe sum total of the width of the strips could be
equal to the circumference of a cylindrical ancde of
the same diamefer as the ring on which they are
mounted.

in the case of the rod anode, the diameter of the
rod continuously decreases during the course of ea.ec-
trolysis with consequent rise in the current density of
the anode. Use of disc-type anodes needs also similar
and other situations %o be considered. Cylindrical
anodes of pipes or sheets bent into cylindrical torms
are ideal for the purpose. The only change of dimen-
sicn that oceurs in these and in strip anodes is in the
thickness of the sirips or the sheet and the slight varia-
tion in current density due to this will not he of much
consequence,

The anode zssembly is supported by means of a
vertical rod (F) which is supported by bearings, (G, Q)
{tapered pearngs, if necessary, to support the weight
of the anode assembly) fitted on a u-shaped frame (U}
and which can be rotated by wmeans of puileys (H, H)
aizd motor (I} arrangement as shown in Fig. 1. Con-
tact for the anode terminal is made through a mercury
cup (J) fitted on top of the rod (F). On a large-scale
carbon brush contact on the rod (F) would also serve
the purpose.

Auxiliery Equipments: Heating Tank: Elecirolyte
it fed into thig 2-litre beaker (K) supporied on a tri
pod stand (L) which is heated by means of a bunsen
burner (M) in order to raise the temperaiure to the
required level. On a large-scale suitable size tanks
heated either by steam or electricity are employed.

Syphon : A syphon (M) serves to feed thz electro-
Iyte into the cathode chambers pig the feeding arrange-
ment (O). On a large-scale a pump may be used to
feed the electrolyte into a consfant-head tank from
where it may be circulated into the cathode chambers

Filtering Appavatus; Sintered-glass funnels (G 3
porosity) are used on a small-seale, for filfering the
preduct by applying suction. On a large-scale rotary
guction fillers or filter presses and centrifuges are to
be empleveo

Operation : The hot electrolyte is fed into the twa
eathode compariments at a steady predetermined rate
The rate of feeding of electrolyte is a funciion of the
vatio of anolyte to catholyte and the current strength.
Flectrolyte contaning cuprous ox.de in suspension is
withdrawn by syphon (N) in order to maintain constant
level and the product fiitered off. The clear liguor is
ted into the heating tank (K) from wheve it is fed back
into the cell afier heating to the required temperature.
The product in the filter 1s washed free of adhering
electrolyte and dried at 100°C preferably under reduced
pressure.

Conditions of Electrolysis: The electrolyte contains
10 to 25 per cent. by weight of sodium chioride and 0.3
to 5 gpl of alkali expressed as scdium hydroxide.
Increasing the sodium chioride concentration helps n
reducing the cell-voltages and consequently the energy
consumpt.on of the process, using both statiopary as
well as rvotating anode. Thus, using a rotating rod
snode of 1/2” dimmeter, at a current density of 20 amps/
dm® the cell-voltages in 10, 18 and 22 per cent. sodium
chloride solution were 2 to 2:8. 2 to 24 and 1-8 to 2-2
voits respectively. Using the rotating strip snede as
per Fig. 2 (iv} (width of sirips 0.5 in) at the same cur-
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rent densily, the cell-voltage in 10, 18, 22 and 2% per
cent, sodium chlor’de so atiors we e 2:25 to 25, 2-25
2-25 gnd 1-75 volts respectively, Electrolysis was carri-
ed out at temperatures 5i $5°C, {0 95°C, but preterably
al 80'C,

Electrode Materials: Sheet copper is used as
cathode. Either pure or reiined copper is employed
ag avode.

Current Density: An  anodic current densily of
over 5 amps/dm’ to 160 smps/dm” or beyond is used
with a v.ew to shorien the duration of the process zs
well as to increase the ecell capacity and permitting a
judicicus choice of process conditions depending on the
avatabil.ty and the cost of electricity. Thus, uing a
rotating anode, current densities of 5 amps/dm’ to 100
amps/dm* could he employed without the eficlency of
the process or the pumniy of the product suffering in
any way. The use of such high current densit.es would
also help in increasing the cell capacity considerabiy,
thereby reducing ihe initial investment on the cells. Tha
cell-voltage and energy consumption using a tubular
ancde as per Fig, 2 (i) (diameter 1/2” made oul-of
1/16” copper sheet} at .ncressing current deasitier are
given below in a 25 per ceni. sodium chloride solut on:

C.D. Celi-veltuge Ene.gy consumptizn
amp/dm? volés " kw. hrfis, {ﬁ.i;ﬂ}“
20 175 030
50 2.5 047
100 3-25 55

Such high current densities cannot be used when the
anude is stationary, because the eificiency of the pro-
cess as well as the purity of the product suffer.

R.P.M. of anode: When the rod-ivoe anode is
ermployed, both the current density as well the pheri-
phetal speed of the anode Increase due to corrosion and
hence experimental conditions cannot be rig.diy con-
trolled. Similar situations arise in the case of disc-type
anodes wiere the current dist:ibution would be odd.
When tubular or strlp anodes are used the peripheral
speed of the anode surface w.ll remain fairly constant.
The r.pm. of the anode will therefore depend upon the
dizmeter of the anode. It has besn observed that a
peripheral velacity (anode surface velocity) of 10 io
60 metres/min. through the elecirolyte, gives a good
grade of cuprous oxide. Beyond this range the resulis
obtained are not very satisfactory.

Ratio of anolyte io catholyte : This naturally
would vary with the design of the cell and is one of the
factors controlling the rate of circulation of the electro-
lyte. In the smali-scale laboralory investigation volume
of catholyte was 50 cc and that of anolyte was 450 ce.

Rote of eirculation: There is a build-up of alkali
at the cathode duiing electrolysiz and this has to he
dissipated into the mam body of the anolyte which gets
depleted n alkali. The guantity of current passed also
determines the alkali build-up se that the rate of flow
of electrolyie is so adjusted as to maintain the desired
atkaiinity in the anolyte,

Diaphragm material ; Cloth dizaphragm was found
to be most suitable for the purpose. It eflectively pre-
vents cuprous oxide from moving te the cathode and
gett ng reduced as spongy copper but at the same time
allows the electrolyte to flow through freely. It does
not also offer too great a resistance for passage of
current, The diaphragm is supported by means of a
frame made of glass, wood or ha:d-rubber or some suit-
able material.

Circulation and feed arrangements: From the
heating tank (or a constant head tank, on a large-scale)
the brine flows into the cell at a specified rate. by care-
ful controt. The electrolyte is fed into the cathode
compa*tments by means of tubes branching from a
common header tube connected to the tank.

EXAMPLES.

Example I : 25% sodium chloride solution with 06
gpl. alkali was used. Anode of diameter 1.25 cms, was
rotated at 1000 rp.m with a peripheral speed of 3%
metre/min. Rale of circulation was 5.0 litres/hr, at
a current of 6.0 amps. Current density was 20 amps./
dm?®. Temperature was 80°C and the cell voltage 1.95
volts. Current effi:iency for a duration of one hour rue

)



was guantitative and 16.5 gms of cuprous oxide was
obta.ned s red powder. Energy consumption was 0.30
kw. hr/lb.

Example II: At 50 amps/dm’ the cell voltage was
2,75 volts under the above conditions and the product
was orange in colour and 12.36 gms of product was
obtamed m 3/4 bhr. and the energy consumption was
0.4% kw. hr/lb.

Example III: Under the same conditions s atove
and at 00 amps/dm® the cell-voltage was 3.25 volts
and the current efficiency was quantiiative and the pro-
duct was orange in colour. 8.18 gms of cuprous oxude
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was obiained in half an hour and the energy consump-
tion was 4.535 Kw. hr/ib of the product, -

In all the shove examples, the same current was
passed and the current density was varied by immers-
ing coiresponding pcertien of the anode in the electro
lywe. The rate of circulation of electrolyte was keot
constant at 5 litres/hr in the last two experiments also,

R. BAOASKEAR PAI,
Patents Officer.
COUNCIL OF SCIENTIFIC AND INGUSIk.aL

RESEARCH.
Dated this 10th day of February, 1956,

. COMPLETE SPECIFICATION.
A NEW TECHNIQUE FOR THE ELEGTROLYTIC PREPARATION OF CUPROUS OXIDE,

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEA RCH, Oup ML, Roap, New DreLuar-1, Inpra, an INDIAN
REGISTZRED BODY INCORPORATED UNDER THE REGISTRATION OF S0CIETIES Act (Act XXI oF 1860).

The following specification particularly describes and ascertaing the nature of this invention and the manner
in whick it iz fo be performed.

This is an invention by BIMAN BIHARI DPEY,
HANDADY VENKATAKRISHNA UDUPA, SRINIVASA
SAMPATH AND RAMANATHAN VISWANATHAN,
all of the Central Flecirochemical Research Instifute,
Karaikudi, India, all Indian citizens.

This inveniion relales to a process for the electrolytic
preparation of cuprous oxide by a new technique.

Cuprous oxide was prepared for the first time by
the electrolytic method using stationary anode “by
v.orenz in 1886, foilowed later by other workers who
mainly tackled the problem from a purely academic
view-point. Important process details so essential for
manufacture on a practical scale had not been pub-
i.shed in detail in the available l.terature. Some of
the details of the process developed in the Central Elec-
trochemical Research Institute, using stationary anodes
have already been published. As a result of further
investigation carried out in these laboratories a new
technique has been developed for the electrolytic pre-
paration of evprous oxide, the details of which are given
in the following paragraphs.

The present inveniion is charactersed in that a
new technique of rotating anode is employed for the
first time for the electroiytic preparation of cuprous
oxide.

Thus, according to the present invention, a solution
of sodium chloride and an alkali is electrolysed in a
cell with sheet copper as cathode and pure or refined
copper as roiating ancde and wherein the state of
motion of the anode is specified, viz., that it is rotating.

Preheated (85°C to 95°C, but preferably 80°C)
electrolyte containing not less than 10 per cent. sodium
chloride by weight, preferably a saturated sodium
chleride seclution, and - 0-3 to 5 gpl alkali {(expressed as
sodium hydroxide) are fed into ithe cathode chambers
of an electrolytic cell in which sheet copper iz used as
cathode and pure or refined copper is employed as
rotating anode and wherein the rate of flow of the elec-
trolyte is such that the alkalinity of the bath is always
maintained at the specified optimum range, viz,, 0.3 gpi
to 5 gpl expressed as sodium hydroxide,

The main advantage gained by the use of rotating
anodes is that a much highe> current densily than what
is the practice at present with the anodes in a station-
ary condition can be used. The use of high current
density 1in turn leads to a shorter duration of electro-
lysis which means saving in man-hours and machine-
. hours during the process of manufacture,

This new technigue as has been found can be utilised
with advaniage even heyond the current density of 5
‘amp./dm.* which happens to be the optimum wvalue for
a stationary anode.

The following fable gives the comparative data
.obtained under indentical conditions, the current density
having been varied from 5 to 20 amp./dm.’ using both

the stationary and rotating anodes for the preparation
of cuprous oxide.

JE—

STATIONARY ANGDE, ROTATING ANODE.

Cuirent
density
(Amp/ | Purity. | Energy |Colour of| Purity. | Energy | Colour of
dm’) eonsum- | produet. cohsum- | product.
phion/lb. ption/1b.
kw. he. Kw. br,
5  |[Btandard) ) 0-234 |Bright 0-22 | Uniform.
(9695) red.
10 |Fails be-| » 0-27 |Ligh- } Standard| 023 {Shede
low the tens in | purity or throu-
16 |standaid| | 031 [slade. | above. 0-29 | ghout
value, 1] the r
20 0-41 03t |range. §

Saturated sodium chloride solution with 0.6 gpl.
alkali {(as NaOH) was electrolysed for one hour at 80°C.
Rate of ecirculation was kept constant at the proper
value.

As seen from the {able the purity of the product
obtained is adversely affected by increase in current
density at a stationary anode. Prodaci confoerming to
the Indian Standard Specifications is obiained onlwy
when the currenf density is maintained at 5 amp./dm.?
But when the anode is rotated, the purity of the product
remains high beyond the current density of 5 amp./dm.*
Also it can be noticed that for a particular current den-
sity energy consumption (D.C.) is less at a rotating
anoge,

A more important point in favour of the rotating
ancde is that uniformly good results are obtained over
a very wide range of cuwrrent density. The colour of
the product is suscepiible even to a slight change in
current density when the ancde is stationary but at a
rotating anode the colour of the preoduct rermains uni-
form over a wide range of current dens:ty,

By usmg this new technique it is possible to use a
very wide rvrange of current density, say from 5
amps/dm® to 100 amps/dm® and to obtain product of
betier purity than is obfained at stationarv anodes
under same current density condit.ons, Possibility of
using high current density also leads to increased cell
capacity and thereby leads to lower initial investment
and flcor space. Alternatively for the same :nsialled
cell, a shortening of ithe duration of the eclectrolysis
could lead to a saving in man-hours and machine-hours
and to a cufting down of the cost of heating {he electro-
Iyte. Wide range of current density alsc permits a
judicious choice of process conditions depenging on the
availability and the cost of electricity. More than any-
th ng else the new technique also permits a certain ad-
justability of the plani and the process to produce more
for the same installation. during off peak hours when
power might be supplied cheaper in certain localities,
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The Electrolytic Cell: The inventien will now be
described with the help of drawings accompanying the
provisicnal specification and also Figs. I and II of
accompanying draw:.ngs wherein Fig. I shows a longi.
tudinal section and plan of a large-scale cell and Fig. 2
is a flow-sheet of ithe process, Fig. I of the drawings
accompanying the provisional specification shows the
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cell used in small-scale investigation and consists of a’

glass basin (A) which is kept inside a wooden box (B)
and is insulated by filling the space in between with
saw-dust. A syphon {C) serves for the removal of the
produet along with the anolyte, Two diaphragms (D)
made of canvas wrapped around a glass-frame (or hard-
rubber frame) are supported on either side of the
rofating anode (E).

On g large-scale a reinforced cement concrete cell
which is a square or c.rcular container (rectangular or
oval if more than one anode assemhly is to be used)
provided with a conical bottom and an opening at ihe
bottom could be used. Glass or g.ass-lined equipment,
asphalt-coated wooden tanks, ceramic-ware or metal con-
tainers with suitable protective coauing could also be
used as cells,

Anode Assembly: The anodes could be (a) a solid
tod, e, cylindrical rods Fig. 2, (i} (b) pipes Fig. 2,
{ 1) or sheets bent into a cylindrical form Fig. 2, (lif),
(v) strips of sheei copper suspended from suitable
baanced arms or from a circular frame; es., strips
ot pure copper sheet suspended from arms as shown
in Fig. 2, (iv), Fig. 2 (v) and Fig. 2 (vi) or (d) copper
dizcs mounted on a copper shaft which is protected
f-om the electrolyte, rotating either wvertically Fig. 2
{vi1) or hovizontally ¥ig. 2 (viii).

When only two strips are to be vsed as anode the
set-up as in Fig. 2 {iv) is used. When 4 strips are 1o
he used, the set-up as shown in Fig 2 (v} is usad.
Wnen however, more than 4 strips are to be used, the
number of arms could be inerzased in iwos so as 1o get
a balanced system for rotation. A ring mode out of
a fat-strip of copper supported in the cenire as in Fig
2 {vi) carrying two, four, siXx or mere sirips as per
nead could also serve as an anede arsembly for stmps,
The w.dth of the strips is to be limited to a value,
which as far as possible would form part of the elrcum-
ference of the circle whoeh the anode forms in ils rota-
ticn inside the anolvte. If the strip is oo w.de ihen
the movement of the strip through the anclyle wouild
Jead to too much of turbulence and the anode surface
would not have fhne desired metal-liquid shear. The
str.ps may however be so benf as to make the surface
of the strips conform to portions of the circumference
of the cirele which the ancde forms within the anolyle
during its rotation. The number of strips could be
Increased with the idea of increasing the anode area
us well as the cell-capacity, with this limit that the sum
total of the width of the str ps eould be equal to the
oercumference of a cylindrical anocde of the serme la-
meter as the ting on which they are mounted.

In the case of the rod anede, the diamefer of the
rod continuously decreases during the course of electrna
1ysis wi h conseguent rise in the current density of tha
anclde. Use of disc-tyne anodes needs also similar and
gther gituations to be considersed. Cylindrical asnodes of
p'pes or sheets bent into cylindrical forms are idesl
for the purpose. The only change of dimension tnat
occurs in these and in strip anodes is in the lh.ckness
of the stripe or the sheet and the slight variation in
current density due to this will not be of much
consequence,

The anode assembly is supposted by means of a
vertical rad (F) which is zupported by bearings (G, G)
(tapered bearings, !f necessary. to support the weizht
of the ancde assembly) fitfed on a u-shaped frame (1N
and which can be rotated by means of pulleys (H, H)
and motor {I} arrangement as shown in Fig. I. Con-
tact for the anode terminal is made through a mercury
cup (I fitted on top of the rod (F). On a large-scale
carbon brush contact on the rod (F) would also serve
the purpose.

Auxitinry Equipments: Heating Tank : Electrolyte

is fed into this 2-litre beaker (K) supported on a tripod
stand (L} which is heated by means of a bunsen burner

{M) in order to raise the temperature to the required
level. Om a large-scale suitable size tanks heated either
by steam or electricity are employed.

Syphon : A syphon {(N) serves to feed the eleciro-
lyte into the cathode chambers viac the feeding arrange-
ment (O). On a large-scale a pumps may be used o
feed the electrolyte into a constant-head tank from
where it may be circulated into the cathode chambers.

Filtering Apparatus: Sintered-glass funn<ls (G 3
porosily) are used on a small-scale, for filtering the
product by applying suction. On a large-scale rofary
suction filters or fAlter presses and centrifuges are 1o
bhe empioyed.

Operation: The hot electrolyie fed into the two
cathode compariments at a steady predeie:mined rate,
The rate of feeding of electrolyte is a function of the
ratio of anclyte to catholyte and the current strength.
Electrolyte containing cuprous oxide in ruspension is
withdrawn by syphon (N) in order to maintain consiant
level and the product filtered off. The clear liquor is
fed into the heating tank (K) from where it is fed
back mto the cell after heating to the required tempera-
ture. The product in the filler is washed free of ad-
hering electrolyte and dried at 100°C preferably under
reduced pressure.

Conditions of Electroluysis: The electrolyte containg
10 to 25 per cent. by weighi of sodium chloride and 0.3
to 5 gpl of alkali expressed as sodium hydroxide. In-
areasing the sodium chioride concentrat.on helps in
reducing ihe celi-voltages and consequently the energy
consumption of the process, using both stationary as
well as rotating ancde. Thus, using a rotating rod
anpode of 1/2” diameter, at a current density of 20
amps/dm*® the cell-voltages in 0, 18 and 22 per cent
sodium chloride solution were 2 to 2.8, 2 to 2.4 and 1.8
io 2-2 voils respectively. Using the rotating stvip anode
as per Fig. 2 (v} (width of strips 0.5 in.) at the same
current dens.ty, the celi-voitage in 10, 18, 22 and 23
per cent. sodium chloride solutions were 2.25 to 2.5, 2.25,
2.25 and L.75 volis respectively, Electrolysis was carred
out at temperatures of 65°C to 95°C, but preferably .t
80°C.

Electrode Materials
cathode,
anodsz.

Current Density @ An  anodle current density of
over 5 amps;dm’ {o 106 amps/dm® or beyond is used
with 2 v ew tu shorten the duration of the process as
well as to :neresse ihe celi capacity and perm.tting o
judicious choice of process cond.tions depending on the
ava labil.ty and the cost of elestr.eity. Thus, using a
rotating anode, current densities of 5 amps/dm* to
100 amps/dm’ could be employed without the efficlency
of the process or the purlly of the product suffering in
any way. The use of such h:gh current densities would
also help in increasing the cell capacity considerably,
thereby reducing the inijtial investment on the cells.
The czll-voltage and energy consumption us.ng a tubular
anode as per Fig. 2 (if.) (diameter 1/2” made out of
1/16” cooper sheel) at increasing current densities are
given below in a 25 per cent. sodium chloride solution:

Sheet copper 1s used as
Either pure or refined copper is emploved as

) EL_ _'!:_)_ Cell-voltage Energy consumption
amp/dm? volta kw. hejlb, (D Q)
20 195 030
.50 276 0-47
100 825 0-55

Such high current densities cannot be used when the
anocde is stationary, because the efficiency of the pro-
cess as well as the purdty of the product sufier.

RPM. of anode: When the rod-type anode Is
employed, both the current density as well as the pert-
rheral speed of the ancde increase due to corrosion and
hence experimental conditions cannot be rig.dly con-
trolled. Similar situations arise in the case of disc-type
anodes where the current distribution would be odd.
When tubular or strip anodes are used the peripheral
speed of lhe anode surface will remain fairly constant.
The r.p.m. of the anode will therefore depend upon the
diameter of th~ anode. It has been observed that a
peripheral velocity (anode surface velacity) of 10 to 60
metres/min. through the electrolyte, gives a good grade
uf cuprous oxide Beyond this tange ithe resuits obtain-
ed are nol very satistactery,



Ratio of anolyte to catholyte : This nalurally would
vary with the design of the cell and is one of the factors
controlling the rate of cireulation of the electrolyte.
In the small-scale laboratory investigation volume of
catholyte was 50 cc and that of anolyte was 450 cc.

Rate of circulation: There is a build-up of alkali
at the cathode during electrolysis and this has to be
dissipated into the main body of the anolyte which gets
depleted in alkali, The quantity of current passed also
determines the alkali build-up so that the raie of flow
of electroiyte is so adjusted as to maintain the desired
alkalinity in the anolyte,

Diaphragm materigl : Cloth diaphragm was found
to be most suitable for the purpose. It effectively pre-
vents cuprous oxide from moving to the cathode and
getting reduced as spongy copper but at the same time
allows the electroiyte to flow through freely. It does
not also offer too great a resistance for passage of
current. The diaphragm is supported by means of a
frame made of glass, wood or hard-rubber or some suit-
able material.

Circulation and feed arrangements: From the heat-
ing tank (or a constant head tank, en a large-scale) the
brine flows into the cell at a specified rate, by careful
control. The electrolyte is fed into the calhode com-
partments by means of tubes branching from a common
header tube connected to the tank.

EXAMPLES.

Example I: 25% sodium chloride solution with 0.6
gpl alkali was used. Anode of diameter 1.25 cms was
rotated at 10080 rpm. with a peripheral speed of 38
metre-min. Rate of circulation as 5.0 litres/hr. at a
current of 6.0 amps. Current density was 20 amps/dm?
Temperature was B0°C and the cell voliage 1.75 voits,
Curent efficiency for a duration of one hour run was
quantitative and 16-5 gms of cuprous oxide was obtain-
ed as red powder, Energy consumption was 0.30 kw.
hr/lh,

Example II: At 50 amps/dm® the cell voltage was
2.7 volts under the above conditions and the product
was orange in colour and 12.36 gms of product was
obtained in 3/4 hr. and the energy consumption was
0.47 kw, hr/lb.

Example Il : Under the same conditions as above
and at 100 amps/dm*® the cell-voltage was 3.25 voits
and the curreni efficiency was guantiiative and the pro-
duct was orange in colour. 8.18 gms of cuprous oxide
was obtained in half an hour and the energy consump-
tion was (.55 kw. hr/ib of the product.

In all the above examples, the same current was
passed and the current density was varied by immers-
ing corresponding pertion of the ancde in the electro-
lyte. The rate of circulation of electrolyte was kept

constant at 5 litres/hr in the last two experiments
alzo,

LARGE-SCALE CELL.

Detailed description of the large-scale cell will now
be given hereinbelow with reference to accompanying
drawings.

Description of the Large-scale cell: (Fig. 1-—
longitudinal section and plan of the cell}: 'The cell con-
sists of an oval glazed procelain vessel (A) having a
flange and a conical bottom, An opening () at the
bottom serves for the removal of the product as it is
formed. A lid (B) made of perspex covers the cell
and carries suitable openings (N, P and I} for the iniro-
duction of the supporting framework (O) of the dia-
phragm (D), the anode (E) and the thermometer.
Sheet copper bent suitably is used as cathode (Q) and
refined or pure copper sheet is used as anode (E). The
bent copper cathode sheets (Q) are suspended inside
the diaphragms from an arrangement of busbars (R)
as shown in the figure. The bent anode plates (E) are
fitted on to a circular frame (8) supported by means
of a vertical rod (F) which is fitted with {apered roller-
bearings {(G) on a frame {UJ). The anode is rotated by
means of a pulley (H) and motor arrangement. Con-
tact for the anode is made through graphitized copper
brushes (J) fitted on the top portfon of the rod (F).
(Z} represents an electrolyte level indicator.

Instead of two diaphragms on either side, ¢ dia-
phragms on four sides of the anode could also be used,
The cathode area could thus be increased and a proper
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ratio of anodic to cathodic current density could be
maintained s0 as to get economic cell voltages. Con-
tact to the anode could also be made through a mercury
cup attached to the top of the rotating shaft. More
than one anode assemably could be used in the same
cell when cells of larger capacity are required, in which
case either a square or rectangular cell with sloping
bottom is to be used.

The operation of the Cell: (Fig. 2}: Electrolyte
(alkaline sodium chloride solution) heated to required
temperature in the heating tank (K) is transferred by
means of a pump (L) into the constant head lank (M)
from where it is fed at optimum rate into the cathode
chambers wtig the feeding arrangement (T, inset in Fig.
2). Electrolyte containing cuprous oxide in suspension
is withdrawn by ihe opening (C)} at ithe bottom of the
cell. The product is filteved and filtrate fed back into
the cell after heating to required temperature. The
product in the Alter (V) is washed free of adhering
electrolyte and dried (drier, W) at about 100°C yprefer-
ably under reduced pressure, The dry solid is pulveris-
ed and screened (X) before packing (Y}.

Example I:

Saturated sedium chloride solution containing 0.6 gpl
alkali was circulated at 15 litres/hr, at a temperafure
of 80°C. A current of 50 amps. was passed for 21 hours.

Anodie ecurrent density . . 20 amps./dm?*
Anodic C.D. to cathodiec C.D. ratio . . 10:7

Cell-voltage . 1.8 volts.
Power consumption (D C)/ b of cuprous

oxide . . . R .31 kw-hr.
Product obtamed . . . . 330 gm.

Purity of product corresponds te LS. Specification.
Colour of the product was bright red.

Example II:

Saturated sodium chloride sclution containing 0.6
gpl alkali was circulated at 15 litres/hr. at a tempera-
ture of 80°C.

A current of 50 amps. was passed for one hour.

Anodic C.D. . . . 50 amps./dm?*
Anodic C.D. to cathodlc CD ratlo . . 257
Cell-voltage . .2
Power consumption D C. / h of cuprous

oxide . . . . . . 047 kw-hr,
Product obtamed . . . . . 130 gm.

Purity of the product corresponds to LS. Specification.
Colour of the product was brick red.

We claim

1. A process for the electrolytic preparation of cup-
rous oxide which consists in electrolysing a solution of
sodium chloride and an alkali in a cell with sheet copper
as cathode and refined or pure copper as anode and
wherein the state of motion of the anode is specified,
viz., that it is rotating.

2. A process as claimed in Claim 1 wherein pre-
heated electrolyte containing not less than 109% sodium
chloride by weight {preferably a saturated solution} and
0.3 te 5 gram per litre alkali (expressed as sodium
hydroxide) is fed into the cathode chambers of an elec-
{rolyiic cell in which sheet copper is used as cathode
and pure or refined copper as rotating anode and where-
in the rate of flow of the electrolyte is such that the
alkalinity of the bath is always maintained at the speci-
fied optimum range wiz., 0.3 to § gpl expressed as
sodium hydroxide,

3. A process as claimed in Claim 2 wherein the
electrolysis is carried out at temperature of 65°C to
95°C.

4. A process as claimed in Claim 2 wherein the
electrolysis is carried out at 80°C.

5. A process as claimed in any of the preceding
claims wherein the r.p.m. of the anode is so adjusted as
to give an anode surface velocity of 10 to 60 metres/,
min. through the electrolyte.

6. A process as claimed in any of the preceding
claims wherein the rotating anode consists of (a) a
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sotid rod, (b) a pipe or a sheet bent into a cylindrical
form, (c) strips of sheet copper suspended from sutably
balanced arms or from a circular frame of {d) discs of
copper metal mounted on a copper rod protected from
the electrolyte rotatmmg either vertically or horizontally,

7. A process as claimed in any of the preceding
claims wherem an anodic current density of over 5
amps/dm® to 100 amps/dm® or beyond is used,

8. A process as claimed in any of the preceding
claims wherein constant feeding of electrolyte into the
cathode chambers is achieved by means of tubes branch-
ing from a common header tube connected to a cons-
tant head tank, the level of hquid in which maintains
the desired rate of flow into the cell.

9. A process as claimed in any of the preceding
daims wherein the electrolysis is carried out in an

© MGIPC—S7 —6 Prient,57—10-9-68-100.

electrolytic cell with a conical bottom permitling the
tremoval of the product continuously as it is formed.

10, A process as claimed in any of the preceding
claims wherein the rate of feeding of €lectrolyte is a
function of the ratio of anolyte to catholyte and the
current strength.

1I. A process as claimed in any of the preceding
claims wherein the electrolyte {(anolyte) along with the
product is continuously tapped at the same rate as it
is fed, to maintiamn the reguired alkalinity in fthe
anelyte,

R. BHASKAR PAIL

Patents Officer,

COUNCIL OF SCIENTIFIC AND INDUSTRIAL
RESEARCH.

Dated this 16th doy of October, 1956,
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