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PROVISIONAL SPECIFICATION.

IMPEOVEMENTS IN OR RELATING TO THE ELECTROLYTIC PREPARATION OF PERCHLORATES,
LOUNCIL OF SCIENTIFIC AND INDUSTRIAL RESE :RCH, Rar1 Marg, Nﬁw Dirni-1, Inp1a, an  INDIAN
REGISTERED BODY INCORPORATED UNDER THE REGISTRAITON 2r SOCIETIES AcT (Act XXI oF 1860).

The folliowing specification describes the nature of this invention.

THis 15 AN INVENTION By HANDADY VENKATAKRISHNA UDUPA, ScIEnTIsT, SRINIVASA SAMPATH SCIEN-
11sT, KAPISTHALAM CHETLUR NARASIMHAM, SCIENTIST, MUTHIAH NAGALINGAM, SzNige SCIEN-
TIFIC ASSISTANT, ALL OF THE CENTRAL ELECTROCHEMICAL RESEARCH INSIITLTE, KARAIKUDI, CI:IAKKALAKKAL

JACOB RAJU orF THE FERTILIZER CORFORATION

Ivo1a Lirp, TroMsay UNET, BOMBAY AND PADMANABHAN

POTLY COVINDA RAQO, FRODYCIION SUFERVISCR, MADRAS RUBBER FAcTorRY, TIRUVOTTIYUR, MADRAS, ALL
El 1

INDIANS,

This imvention relates to improvements in or relat-
ing to the electrolytic preparailon of perchlorates di-
rectly from sodium chloride using lead diczide anode.

Hitherls it has been the practice to employ a two=
stage process Ifpr the production of perchlorates from
chlocides, the first stage being the oxidation of chlo-
ride to chlorate using graphite, magnetife or lead di-
oxide anodes and the second stage consisting of the
gxidation of chlorate to perchlorate, using plafinum or
lead dioxide anodes. In beiween the siages, ihe solu-
tione  have to be proce~sed to isclate the chlorate and
recover the unconyerted chloride, Japahese research
wo.kers have studied lhe direct oxidalion of chloride
to perchlorate using lead dioxide anode, avoiding the
intermediate processing of liquors but there are two
discrete electrochernical stages where the conditions of
electrolysis are entirely different.

The obiections to the current practices sre that
graphite gets disintegrated to a considerable extent and
magnetite to a lesser exient when used in fthe produe-
tion of chlorates gnd there 1s an inevitable loss of
platinum due to corrosion in the perchlorate cell. The
processing of the effluent from the chlorate cell intro-
duces another complication in the method. The modi-
ficat:on effected by the Japanese workers does not do
away with twe stages aof electrolysis.

The obiect of this invenfion is to abviate these dis-
advantages by preparing the perchlorates directly from
godmum chloride in a single step of electrolytic oxida-
tion by the use of carbon or graphite substraie lead
dioxide gnodes (the preparation of such electrodes is
covered by Indian Patent Ne. 66195} thus avoiding the
use of graphite, magnetite or platinum and the process-
ing of liguors halfway through the process, electrolys-
ing a solution of sedium chloride using graphite or
carhon substrate lead dioxide anode and passing ade-
guate direct current to convert all the chloride to per-
chlorate, the condilions of electrolysis being main-
tained constant at predefermined levels throughout
the period.

COMPLETE SPECIFICATION.

The following typical examples are given to idus-
trate the invention:

Example T Example T [
Concentration of electrolyte
(g/1) . . . 290-8 291
Addition agents NAF (g/1) . 2 2
Ancde . . . Carbon Graphue
substrate lead substrate lead
dioxide dioxide
Cathode . , s Stainless Stainless
steel steel
Current density (amp/dm?) , 10 25
Current concentration (amp/[) 18-75 25
Cell voltage {volts) 30—39 [ 2 T4
Quantity of electricity passed
(amp-hrs} . . . 1577 1565
Energy consumption (kwhikg) 1329 13-93

The following are among the main advantages of
the invention:

(1) The electrolytic preparalion of perchlorates can
be earried qut in a single step from chloride.

(2) The intermediate processing is vaided.

(3} The cell can be operated using a wide range of
current densities (for e.g,, 5 amp/dm® to 40 amp/dm?®.

(4) The cell can be operated using a2 wide range of
temperatures (30" C. to 60° C).

(5) The lead dioxide is the only wmaterial which
can be used as an anode in both stages of electiolysis.

(8) Addition of sodium fluoride gives a high ~urrent
efficiency,

(7} The energy consumption for the nreparation of
perchlorates compares favourably with the two slages
electrolysis,

R. BHASKAR PAIT,

PATENTS OFFICER,
Council of Scientific end Indusgrial Research,

Dated this 10tk day of December 1965,

IMPROVEMENTS IN OR RELATING TQ THE ELECTR OLYTIC PREPARATION OF PERCHLORATES
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THIZ 1S AN INVENTION BY HANDADY VENKATAKRISHNA UDUPA, SciEnTist SRINIVASA SAMPATH. SciEn-
misT, KAPISTHALAM CHETLUR NARASIMHAM, Screntist MUTHIAH NAGALINGAM, SENIOR SCIEN-
TYFIC ASSISTANT, ALL OF THE CENTRAL ELFCTROCHEMIcar REsEaRcH INSTITOTE, Karaikupi, CHAKKATLAKKAL
‘TACOB RAJU of THE FERTILIZER CORPORATION OF INpra Lap., Tromeay UNIT, BomBAY AND PADMANABHAN
POTTY GOVINDA RAQ, PRODUCTION SUFERVISOR, MapRAS RUBBER FACTORY, TIRUVOITIYUR, MaDRAS, ALL

INDIAN CITIZENS,

This invention relates to improvements in or relat-
ing to the electrolytic preparation of perchlorates di-
rectly from sodium chloride using lead dioxide anode.

Hitherto, it has been the practice to employ a two-
stage process for the production of perchlorates from
chlorides, the first stage being the oxidation of chloride
to chlorate using graphite, magnetite or lead dioxide

anodes and the second stage consisting of the oxidation
of chlorate to perchloraie, using platinum or lead di-
oxide anodes. In between the stages, the solutions
have to be processed to isoclate the chlorate and recover
the unconverted chleride. Japanese research workers
have studied the direct oxidation of chloride to per~
chlorate using lead dioxide anode, avoiding the jnfer-
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mediate processing of liquors but there are two discrete
electrochemice! stages whecein the condilions of elee-
trolysis are entirely different.

The objections to the current practice are that gra-
phite gets disintegrated to a considerable extent and
magnetite to a lesser extenl when used in 1he produe-
fion of chlorates and there is an ineviiable loss of
platizum due to corrosion in the perchlorate cell,

The object of this invention is to obviate these dis-
advantages by preparing the perchlorates directly from
sodium chloride in a single step of electiolytic oxida-
tion by ilhe use of lead dioxide electrodes either elec-
trodeposifed anodes without substrates or deposited
on  such substrates as carbon or graphite (Indian
Patent No, 66195, Drecember 1958) or on any other
matersial, thus avciding the use of graphile, magnetite
or platinum as anodes,

The processing of cell liquors halfway through the
process is avoided by electrolysing a solution of sedium
chloride using iead dicxide anode and passing adequate
direct current to convert all the chloride to perchlorate,
the condiiions of electrolysis being maintained constant
-at predetermined levels throughout the periot Onee
the direct oixdation of chioride to perchlorate is attempt-
-ed, none oi the commonly used electrodes vz, graphite,
magnetite or platinum can be employed singly as znode
material for this one-step process and lead dioxide is
the nalural choice at present. The addilion of sodium
fluoride made at the beginning of the elecirolysis n-akes
.a profound difference on the course of electrolysis. The
simulfaneous formation of chlorate to perchlorate in
the presence of chloride confers a beneficial infiuence
on ihe performance of the e¢lectrode. The modilica-
tions introduced, forming part of the present
invention, have simplified the process with consequent
reduction in the aenergy consumption to 12-14 kwh/ks.
It iz also possible to further efiect a saving in power
for clectrolysis by suitably adjusting the anode current
dens:ty only at the appropriate time (ie., by increasing
the unode current density from say 10 to 20 smp/dm’
as 2oon as all the chloride is converied). Two sets of
cells operating at two different current densities but
the same circuit amperage can thus be empluyed and
the energy consumption can be as low as 10 to 115
kwh/kg comparable to the present day two-step
eleciroiytic method.

According to the preseni [nvention, the process of
preparing sodium perchlorate direetly from  scdium
chloride in a single step of electrolytic oxidalion consisis
in passing a direet current through a hath of sodium
.chleride solution containing fluoride lons wherein the
.electrolytic oxidation is carried out in g cell having
a stiinless steel cathode and a lead diexide ancde using
& current density range of 5 i0 40 amp/dm® ai a
temperature of 30° to 60°C.

The said fluoride ions may be provided by adding
sodium fuoride or hydrogen fluoride to the said bath.

The waid anode may consist of massive lead dioxide
or #n electrode having lead dioxide electro-deporited on
a substrate like graphite.

About 05 to 5 g/l of sodium fluoride is added to
.the sodium chleride solution.

The sodium fluoride added is about 2 g/l.

The conditions of electrolysis are maintained cunctant
at predetermined levels throughout the process.

“The oxidation of chloride to perchloraie ic thus
caryted out in a single step, wherein lead dioxide
{massive or elecirodeposited on substrates like graphite
or carbon elc) and stzinlesg steel are used as arnodes
and cathedes respectively. A current density isnge of
B to 40 amp/dm?®, g temperature of 30°-60°C, and fluoride
as addition agent are employed.

The intermediate processing of cell liguor is
avoided.

MGIP—Sant (K.S.R. Unigy—S814— Patentd/6—26-5-75—100,

A flow sheet of the process is given in Fig. i of the
accompanymg drawing. Typical examples:
Exampre I Example I Example [
Concentration of electro-

fyte (iautial) (g, 1) NeCl 290.8 291 308.1
Addition agent NaF (g/1) 2 2 2
Anode . . Carbon Graphite Graphute

subsirate substrate sub.trate
lend lead le..d
dioxide dioxade dioxide
Cathode . . . Stainless Stainless Stainless
steel steel steef
Current density (amp/dmz} 10 25 15
Curient concentration

{ampfiy . . . 18-75 25 10
Temperature of eleciroyte

C . . . 40 40 45
Cell voltage (volts) 3039 3745 3945
Current efficiency (%) . 322 532 515

Egergy consumption
(Kwh/kg of Nacl0,) . 133 139 132

Based on the conditions arrived at in the laboratory
{(Examples I and II are fypical of the laboratory runs),
one 800 amp cell was set up and operated with lead
dioxide coated graphite rod anodes and stainless steel
cathodes. Example IIl above illustrates results ohtain-
ed from this larger cell

Advaentages; The present invention envisages only
one step for the production of perchlorates using lead
dioxide anodes without recourse i{o processing in be-
tween {o remove chromate or isolate solid chlorate.

Summary ! The present invention consists in produe-
ing perchlorates directly from chlaride using lead di-
oxides and stainless steel cathode and employing sodium
fluoride as addition agent even at the Deginning of
electrolysis. A change of current density which
fnvolves conducting the electrolysis in two sets of cells
in series can help to reduce the energy consmuption
stil] further to a favourable value.

We elaim:

1. A process of preparing sodium perchicrate
directly from sodium chloride in a single step of clectro-
Iytic oxidation, which consists in passing o direct current
through a bath of sodium chloride solution conteining
fluoride ions wherein the electrolytic oxidation is cerried
out in a eell having a stainless steel cathede and a
lead dioxide anode using a current densily iange of §
to 40 amp/dm? at a temperature of 307 to 60°C.

2. A process as claimed in Cliaim 1, wherein the
said fluoride ions are provided by adding sodium fluoride
to the said bath,

3. A process as claimed in Claim 1, wherein the
said fluoride iong are provided by adding hydrogen
flugride to the said bath.

4. A process as claimed in Claim I, wherein the said
anode consists of massive lead dioxide.

5. A process a5 elaimed in Claim 1, wherem the said
anode consists of an electrode having lead <dioxide
electro-deposited on a substrate like graphite.

6. A process s claimed in Claim 2, wherein aheut
0.5 to & =/1 of sadium fluoride is added to the sodium
chioride solution.

7. A process as claimed in Claim 6 wherein the
sodium fluoride added Is about 2 g/l

8. A process as claimed in Claim 1, wherein tihe
eonditions of electrolysis are maintained constant at
predetermined levels throughout the process.

R, BHASKAR PAL
Patent Officer,
Council of Scientific & Industrial Researcy,

Nated this 6th day of Sepiember 1966.
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