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A8STR,l,CT

Hypochlorite is employed as (l.disinFectant, powarful oXld1Zlng

agent and deodorant in dairies, creameries. WZlcer suppl ies. sewage

dlsposal and ror house hold purposes. It is not only strong1Jr

oxidlzlng :;lgent th,::J,n ehlorin" b'-,t is much man, reactlve and C"rl

bleach more rapidly at room temperature. Hypochlorite has drawn our

:::J,ttention bec;.,use of its wide application and can be produced from

sod1um chloride WhlCh is easl1y aVililable in EJangladesh.

An electroche'lrical cell system W<lSdevised uSlng graphlte

anode stainless stee 1 cathode foc production of

J

.':
i,

hypochlorit" by the electrolysis of sodium chloride solution. The

experlments were performed normally w1th 4.0M sodium chloride

Solutl0n and In seme cnses potJ.ssium dichromat" was added to

lnCreaSe the hypochlorlte production. The operating current density

was varied from 187.5 Am"2to 750 Am"land pH between 6 to 10 at room

tiCm0erature.

The performane,"" of this cell for hypochlorite production '..•."'s

assessed in ten"s of Cllrrent efriciency, power consumptlon and

"pace t1me yield. The m,:L~imumcurrent efficiency obtained 1n thlS

investigation was 90.70% at current densir.y 625 Am-l. The minimum

pOl-l8r consumption was fOlmd to be 6882.66 H'ihr/ton r0r hypochlorite

oroduction and space tlme yield was also satisfactory in thlS case.

A comparlson has b88n made with r.he studies of other workers and

the present cell was round satlsfactory .
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1.1 GENERAL INTRODUCTION

1

HYPochlorite is a very important disinfectant and is
used as a powerful oxidizing agent. It plays a very important
role in the field of paper and pulp industriee.jute,cotton and
leather industries as bleaching agent. It is used for sterili-
zation of water in both drinking and swimming pools. It is a
very useful oxidizing agent for converting Cr3+ to chromate,
Pb salt to Pb02arsenites to arsenates etc. Hypochlorite is

•not only a stronger oxidizing agent than chlorine but is much
more reactive and can bleach more rapidly at room temperature.
Alongwith other industriss,Paper and pulp,cotton and leather
industries are considered as the major industries in Bangladesh.
To develop a method for the production of hypochlorite which is
a very essential chemical substance used in the above mentioned
industries is of worth investigation.

BJpochlorite has drawn our attention because of its
wide application and can be produced from sodium chlcride which
ie easily available in Bangladesh.

BJpcchlorite ion is formed by the donation of a pair of
eleotrons by ohloride ion to oxygen atom.

~, o.
~cH O~
J(~ 00

---0'- ( 01-:- 0 ) --0.-010

The hypochlcrite oan be produced by using different
methods,e.g. sodium bypochlorite is obtained in solution by
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passing chlorine into a cold,dilute solution of Bodium hy~
oxide or sodium carbonate.

2NaOH + C12 a NaCl + NaDCl + H20

Ns2C03 + C12 a NaCl + NaOCl + :C02

A solution of hypochlorite is produced by electrolys'ng
a cold solution of sodium ohloride. The mixing of the ohlorine
and caustic Boda first formed and then react to form hypochlo-
rite.

In Bangladeah,Chi ttagong Chemical Complex produces chlor-
ine and sodium hydroxide by the electrolyaia of sodium ch1c)ride

but proper attention is not paid to too production of hypochlo-
rite. The plant only producea a mixture of a solution of sodium

and calcium hypochlori ta by passing directly chlorine to the sol_

ution of calcium and sodium hydroxide,a limited amount of it is
aupplied in the market as hypochlorite. No mention is made about
the concentration of hypochlorite. These are mainly used in big
hotels of Bangladeeh and ere not available in local market.

A good Dumber of researohers have etudied on the electrol_
ysis of sodium chloride solution but not much attention have been
paid to the hypochlorite production by this method. The commercial
use of electrochemical methods for p~oducing hypochlorite and chlo-
rate from chloride probably antidated by a few years ,the first suc-
cessful commercial electrochemical production of alkali and chlorine.
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In these early cells, the production efficiency was low and
production was only economical where electrical energy was
quite cheap,inasmuch as the simplo addition of chromate to

prevent cathodic reduotion of hypochlori to an(l chlorate had

not yet been discovered.

Originally,platinum was used as an anodl.! material,cells
being operated at high temperatures and high anod\! current den-

sities to maintain maximum current efficiencies with a minimum
investment in platinum. Modern cells: employ graphite or in a
few cases magnetite anode. With platinum anode, the cell can
be operated at high temperature. With graphite anodes,low cell
temperatures are maintained to prevent anOde dissolution. All
installations in the United States now employ ~raphita anodes.

Among the published investigations on electrochemical
production of hypochlorite and chlorate, the comprehensive work
of F. Foerster 1 is of the pm'amount importance sven after 35 to
40 years. The literature of tlw commercial procesDes have been
published for Pennsylvania Salt Company by Anon2 and the West_
ern Electrochemical Company 'by DChumacher:

Studies on carbon or graphite anodes have been made by
Sproesser4, Linari and Pietra5 and a ser~es of papers published
by the Burea of Agriculture6,? Lillldoltet a18 have investigated
the I:'lechanismof hypochlorite and chlorate for:nution in an.alect_
rolytic cell. The reactions that took place in the cell were
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. 1 9 _. 10accordlng to Foorstar and MUeller formulatloD. M.S. Ali

studies the same systam using thin film bipolar rod cell.

In the present investigation,an attempt hus been made
on the production of hypochlorite by the electrolysis or
sodium chloride using simpler electrolytic cell. Graphite has
been used fiS anode and stainlesB steel fiS cathode. During e1e_
ctrolysis,chlorine was evolved at the anode and hydrogen at
the cathode. Chlorine and hydroxyl(OIr) produced in the oell

reacted in the bulk to form hypochlorite. The amount of hypo-
chlorite produced was determined iodometricslly.

The objective of this project was to develop an electro-
chemical method for the optimum production of hypochlorite. The
power consumption, current efficiency and space time yield were
also studied.

1.2 BASIO PRINOIPLE FOR THE PRODUCTIONOJ! HYPOClil,ORlTE

N.IBL and D. Landolt8 bave described tbe tbeory of elect_
rolysis of sodium chloride in detail. Hypocblorite is manufact-
ured industrially by tbe electrolysis of neutral sodium chloride
solution. The main reactions taking place in a hypochlorite cell
were formulated by Foerster1 and M«eller9• The primary product
of electrodes reactions,chlorine and alkali,react in tbe bulk
of tbe electrolyte to fOrm hypochlorite.

'/",
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According to Foerster1 and Mueller9, the reactions taking
place in the cell are ss follows

,
At th, anode; 201- - G12 • 2. • • • • (1.1 )

At tho cathode I 2Jl,O• 2. ••• ", • 20," • • .(1.2)
HOCI -t- 01- •Solution ; 012 + H2O '" • II •• (1.3)

HOCl 001- • IT' • • . (1.4),

Chlorine forming at tho anode and the hydroxyl ions
forming at the cathode react with each other according to the

following reaotions.

In a neutral medium,

In an alkaline medium,

••. H ••••••• (1.6)

;
1.3 LOSS OF CURRENTEFFICIENCY DUE TO SIDE REACTIONSA.T

THE ANODE.

In practice 100% current efficienoy_is not really possible
since losses occur due to side reactions at the anode and cathode.
At the anode, the most important undesirable electrode reaction
is the oxidation of hypochlorite or its aoid to chlorate, Instead
of reacting chemically in the solution the hn)ochlorite ion diffu_
ses back to the anode and is oxidised there. The reaction have-
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been formulated by Foerster aa:

6 001- 3H2O 'l' 2 010'; 401- 611"" + 3/2 ~+6e ••• (1.7)• • •
6 HOCl 3H2O ., 2010'3 401- 12H+ •. 3/2 02 +6e ••(1.8)or • • •
According to reaction(1.7) and(1.8) Foerster bases his equ-

etian on the hypothesis that hypochlorite is Dxidieod to chlorine
monoxide.

---.:--. 6 C10 + 6e • • • • • • •••••••• (1.9)

The chlorine monoxide so formed on the electrode reacts with
water to form chlorate and oxygen.

••••2 CI0'3 + - .4 01 + 51! + 3/2°2 •• (1.10)

Some times per-chlorate may be formed from chlorate,

2H+ + 2e • •••••••

Reaction (1.11) occurs only at very high potential. For
e::z:ample,itoccurs at magnetite anodes,which have a high over volt-

age and is negligible at graphite anodee.

Foerster atated tbnt in a mildly alkaline solution a third
reaction" The so called primary chlorate tormation " occurs.

010- + 20 • • '. . . ••••• • (1.12).

This would represent a direot oxidation of hypochlorite by absorbed

oxygen.

In industry it lS impossible practically to suppress

completely the anodic oxidll,ti,on of hypochlorlte to chlorate.
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Smaller current efficiency is lost if someof the current i8

used to discharge hydroxyl ion a :

oIr :. H+ + ~ 02 + 2& ••••••••••• (1.13)

Deoomposition of hypochlorite in the eloctrolyte may be
formed in the following way11

2HCIO---",-2B:Cl + 02 ••••••••••••• (1.14)

The consumption of q,pocblorita due to chemical formation,
of chlorate according to the following reactions (1.15) and (1.16)
can be auppressed either by electrolysis at a very low temperature
(OoC) or at high pH (>9 ).

2HOIO + (lCl- co- Cl03 + 201- " 2H+. • • • • .(1.15)

HOIO " 2010- ~ CI0, + 201- " H" • • • • • • • (1.16)

1.4 LOSS OF CURRENTEFFICIENCY DUE TO THE SrDE RJ::.A.CTIONS

AT THE CATHODE

The cathodic (or reduction efficiency) 108ses occur on the
cathode Burface and are due to

(1) Reduction of hypochlorite
010- + H20 + 2&- --~ ••• Cl- + 2011 ••••••••• (1.17)

(2) Reduction-of chlorate
___ ~_ Cl- +:60Ir + •••••••• (1.18)



In accordance with the well knownchemical p,"op(lrties of

these ions,hypochlorite is much more easily reduced than
chlorate.

The cathodic 108ses were studied by Nagai and Takei;2
Their results indicated that these 108s8s were governed by
diffusion of hypochlorite towards the ehthode surface.

Nagai. T and Take!. T13 aleo found that during the

electrolytic production of chlorate with chromium plated
cathode ,cathodic reaction took place at first but decreased
after a certain time. This effect was dUB to the formation
of a thin layer containing chromium at the cathode surface,
which affected the rate of diffusion'of hypochlorite.

If the hypochlorite ion diffuses to the cathode, it
1s reduced to chloride. This can be avoided by adding Bome
dichromate to the eleotrolyte provided the latter is weakly
acidic,neutral or alkaline. Dichromate is added to the elect_
rolyte to suppress reduction ot ~ochlorite at the cathode.
The action of the chromate is explained by the formation of
a thin fi1Jll of chromiUllloxide on the cathode surface which
reduees the reduction or ~ochlorite.

8
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1.5 INFLUENCEOF IMPURITIES IN THE ELECTROLYTE

For the industrial production of hypochlorite aodiu.
chloride are generally used. Sodium chloride may contain cal-
cium or magnessium as impurities. The impurities such ae cal_
cium or magnessium (as low ss 5 mg as per litre) can deposit
on the cathode. This can be minimized by the addition or cam-
pIer forming reagent or by the addition of a "oleaning " cell
working infront of the cell at a high CUI'Nnt density. The beat

solution appears to be the occasional wasbing of the cell.

1.6 ELmTRODES MATERIALS

Good-Tidgeand King14 suggested the following desirable

properties for a prospective electrode materials for synthesis.

(a) It should be a good conductor.

(b) It should not suffer chemical or electrochemical
attack.

(0) The surface should be an effective catalyst for
the reaction in question when possible.

(d) It should usually be of rigid construotion.

Since anodes often suffer from oonsiderable corrosion
problems,it is convenient to conuider anode and cathode mater-
ials separately.
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ANODE l1ATERJALS

Pink and Pan15 enunciated six basic requirements

that should be satia!ied by anode materials for hypochlorite
production.

(a) The anode materials should resist oxidation
or attack by Buch substancea as s<)diUlllchlo_
ride ,hypoohlorio acid ,hypochlorous acid ,hypo-

chlorite,ohlorate,chlorine gas and oxygen.

(b) The anode materials muat be B good conductor.

(0) The anode materials must not have a high initial
coat.

(d) The anode materials should be mechanically
storng.

(e) The anode materiale should have a low electrode
potential or low chlorine over-voltage.

(f) The anode materiale even when going into solution
due to corrosion must not contaminate or affect
the oe11 product or products.

1.6.2 GRAl'HlTE ANODE

The commercial introduction of graphi.te anode to the

electrocheillical field contributad ill a large measure to the

rapid and sucee[Jsful develcpmontof the alkali.-ehlorine industry.
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Most of the basic require~ents for anode materiala aTe met
by graphite 15•

The chemical attack of graphite anode mllY be considered

due to the presence of available chlorine,hypochlorous acid,
~ochlorite,chlorate and evolution of anodic oxygen during
brine electrolysis. The available chlorine in the cell under
steady condition is governed by the current density,temperat_
ura,degree of conversion of hypochlorite to chlorate and also
on the other factor such as concentration of chloride and elee-
trolyte pH.

For a particular available chlorine content of the brine,

as the ourrent density and chloride concentration increases and

temperature of the cell decreases, the concent,['ation polarisation

of the hypochlorite ion dischsrge will decrease Bnd graphite con_
sumption will be reduced. The anode cur,rent losses are considered
as e direct fUJlction of chemical attack and cOl'retlponding graphite
wes.:t'.

The formation of chlorine dioxide during electrolysie of
sodiUIllchloride solution .•••ith graphite anode wes cbS6rved. by
Western and Hooglan16• During electrolysis of sodium chloride
with graphite anodes, hypochlorite, chlorate, chlorine and
chlorine dioxide may be formed, the chemical o::d.dation of-gra_
phite with these compounds may proceed as follows:

C+ 2 HClO'----._ . -CO2 + 2H + 2Cl ••••••• (1.19)
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c .•.0102 ----~ ••• CO2 + '* 012 ••••••• (1.20)

30 + 20103 "" 30°2", 201- ••••••• (1.21)

According to Eberil,Elina17, these reactions are thermo-
dyn~ically quite possible, chromate ecting internally aa well
as externally to wear away the graphite electrode and for this
reason its concentration should ba minimised.

Bauer18 suggested graphite anode covered with an el.ct~
chemically deposited lead dioxide layer, which would minimise
anode attack. Sampath and others19 investigated the electrolysis
product of sodium chloride in 200 ampere cell using lead dioxide
coated graphite anodes and stainless steel cathodes. The cell

was run continuously with a view to 8valuting the life of these
anodes. It was found that the materials gives excellent service,
remaining unaffected after 24 months of continuous running. In
the case of hypochlorite production, the low cell temperatura is
required,hence graphite anode is very important in this condition.

PLATINUM ANODES

Katzen and 20Sokolov electrolysed sodium chloride solu-
tioD using platinum anode and obtain current efficiency of(90-92)%.
The problem is that the cella are operated at high temperature21

where h;ypochlorites are oxicll[Jedto chlorate. For the maxi.mum
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production of bypochlorite,10w cell temperature is required

and graphite anode is vary effective. The use of platinum as
an electrode material is economically not viable.

MAGNETITE ANODES

The magnetite anodee ueed in the co=ercial cells are

made of hamatite,the inner surface being coated with a layer of
electro deposited copper. Magnetite anodes have low conduoti_
vity. The elecbrical voltage of the cells and consequent' consum_
ption of energy are high. Cells provided with magnetite electro-
des can be operated with a good current efficiency of about 83-
86% onlY,and chlorate concentrations of maximum of 280-300 gm
Ne.CI03 per litre can be obtained. When higher cencentre.tioD are
used the current yields fell rapidly. In acid electrolytee,unde_
eirable formation of per-chlorate take place. When magnetite
electrodes are used, the heat developed is high. In order to
maintain the cells at the favourable operating temperature of
70°0, large quauti ties of cooling water are required. The high
temperature favours the formation of chlorate from hypochlorite.
The disadvantages of low conductivity and tendenoy to perchlorate
formation are avoided when graphites anodes are used in stead of
megneti te anode.

In Japan,magnetite anodos were ulled in a chlorate
plant in 1934 at Shivakawa bocause of the limited availability
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of graphits.63% of the annual chlorate production of the

plant described is derived from magnetite anode cell.

j1. MatsUmura22employed the laboratory Ilata to optimise

the cell operating conditions of the co~mercial cell. Optimum
pH was 6.75,current efficiency increased with increasing temp-
erature. An improvement in ventilating conditions was also
effective. As a result, a currant efficiency of 83-89% and
electric power consumption of 5900-63°0 kWh/Tonof NaCI0

3
were obtained. Magnetite anode coils permit high temperature
operation that accelerate the chemical chlorate formation.
The magnetite anodes are no longer in use because of high over
voltage.

GRAPHITE SUBSTRATE LE!l.D DroXIDE ANODE

Bauer18 suggested graphJ.to anodes electrochemically

deposited with lead dioxide layer in which anode attack would

be minimised, if leud dioxide electrodes could be substituted

for platinum in the production of pcrchloratea. 'rhe prepnration

of electrodes suitable for une in coul!lJ.(~rcialcelIs have been

developed by Udupa et a,l23. The elcotrollea have the following

advantages over the electrodes developed in Japan by Sugino and

Shibasaki 24. and suginok25.

(i) A thin coating of lead diOXide ODENlplute or

carbon is adec;uate for t!le u~e of electrode.
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(ii) The graphite or carbon is completely protected
against anodic attack.

(iii) Electrical contact can be made conveniently on
lead dioxide surfaco.

(iv) Preparation of such electrodes for large ncele
operation does not present undue difficulty.

The use of lead dioxide anode is not restricted to the
production of perchlorate a10ne26,it can 1)0 6ucce~lsfully

used for the preparation of chlorate also. A comparison of
tbe performance of a lead dioxide coaCed graphite anode and
that of a conventional graphite anode under iden~ical oond1_
tiona

'
27• •

of operation in a chlorate cell wae made by Udupa at
Udupa at 81 did an experiment for the preparation of

sodium hypochlorite and chlorate employing 200 amp. cell with
lead dioxide coated anode and stainless eteel cathode. The
cell was run continuously to evaluate the life of the anodes.

Lead dioxide coated graphite anodes have the advantage
of a longer life over the conventional graphite anodes and
can conveniently replace the graphite e.node/l,lesuing to subst-
antial savings in initial as well as raCUl"ring costa. A current
efficiency of 75-80 percent can be obtained by using lead dioxide
anodes. Problems with lead dioxide coeting on graphite anodes
appeared to be made with adhesive aild homogeneous lead dioxide
layers. Until now cylindrical anode, have been produced Which
are not useful for large scale.
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TITANTIJM ANODE

Titanium is malleable and ductile metal resembling
iron compounds are fairly widely distributed in nature, but
the metal is difficult to extract. Titanium anodes activated
with other metals have yielded interesting results, both with
respect of electrode life as well as energy usage. Titanium
anodes had been activated with platinum_Iridium in the ratio
of 70:~Ocould at 60De,with an anodic current denaity 3300 Am-2

and an average cell voltage of 3.5V was run for 27 months before
the activation decreased the effectiveness in a krebs type 6 kilo
ampere chlorate cell. At that point 20% of the original pt-Ir
layer was still present. Fleck28 showed that deactivation effect
occured using Titanium. anodes activated with !luthenium dioxide

after 12 months.

1.7 CATHODES

Cathodic 10s8e8 have been studied by Nagai and Takei12

The main problem in finding a suitable cathode ~aterial lies in
the minimisation of reduction lossos of hypochlorite. Steel cath-
odes are effectively protected from corrosion at current density
larger than 300 Am-2• This is important since ~ron ions cataly_
tically decomposo hypochlorite and chlorate ions.

Nagai, T and Takei 'r13, also found that during electr-
olytic production with a chro,uiwn plated cathode. cathodic redu-
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ctiOD took place at first but decreased after certain time.
This was due to the formation of a thin layer containing chro-
mium at the cathode surface ,which affected the rate of diffusion
of hypochlorite. B.Y using a cathode of chromium or chromium pla_
ted stainless steel, cathodic reduction of hypochlorite ion can
be efficiently suppressed ",i,thout adding eli.chromate. The action

of chromium plated cathodes in preventiI~ reduction seems to be
due to the chromium being superficially oxidised by hypochlori tea
and then to a lower oxide29• This explantion is in accordance
with Liebreich30 and wielder Holt31• Presumably the action of this
ohromium oxide layer is similiar to that produced from dichromate
in the electrolyte. It appears that a chromium-plated electrode
develops an active surface and a ~att chromium surface is more
active than a bright one for reduction. A metal such us ohromium
and Molybdenum on the cathode surface of graphite electrodes dec-
rease the required cell voltage and power consumption as found
by Jaksic et al32•

1.8 CURRENTEFFICIENCY

The current effioiency of hypochlorite may be defined
ae the ratio of the actual amount of hypochlor~te produced to
that expeoted theoretioally based on th.e quantity of ourrent
passed.
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Current efficiency (0.3) of bypochlo:dte

•
Actual amount of l1J"pochlori to prodw)ed

Theoretical amount of hypoc~lorite to be
based on the quantity of current powsed.

x100
produced

Z. I. t
----x 100 •••••••••.••••• (1.23)•

•
I. t.

•
eX 100 ••••••••••••••• (1.24i Z •• F

Whare. w • Actual amount of hypochlorite produced in gmB.

F", Faraday's constant.

z ~ Electrochemical equivalont of ~)ochlorite.

I.. Actual current passed in amp.

e •• Equivalent weight of hypochlorite.

t. The time required for electrolysis in second.

1.9 SPACET11'IEYIELD

The space time yield of hypochlorite ~uy be defined
as the amount of hypochlorite produced per hour per cubic meter
of the cell.

Space time yield ( Yet ).

,
- Amount of hypochlorLte produ(:ed -_1 '-3

----------- • k_ kgh nl
(Time of electrolysis) x (volume of the cell).



POWER CONSU11PTION

The amount of ~ochlorite produced in kg or in ton
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per kilowatt-hour (kWhr) is called the power conaumption of
hypoohlorite.

kllhr.
Power consumption •. -- _

kg of hypochlorite

Voltage x Ampere x Time (min)
• -------------kWhr/kg1000 x 5 x 60

1000

V.A.t (min)
• - k\rlhr/kg •
g x 60

V.A.t ( Qlin ) x 1000
• kWhr/Ton
g x 60

Where, V • Voltage

A.. Ampere

t. Time in minute

g. Production of hypochlorite in gm.
during electrolysis.
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E X PER I MEN TAL S

2.1 INTRODUOTION

A ntunber of exparinlenta wsre perfonned in a novel cell

for the production of -~och1ori te and also chlorate as secondary

product. A new cell system was developed for this purpose to get
a cell of simple geCllletric ehape,eaee of design and can be easily

constructed. Graphite anodes and stainless eteel cathodes have
been used whichare cheap and easily available material.

In the praeent investigation, it wae aimed to study the
optimum production of bJpochlorite,power consumption and space
time yield. To obtain larger lIJllountof hypochlorite (amount of
chlorate was kept at min1.nlum) different variablell have been stu-

died for this purpose. The variables studies were current density.
teDlperature. pH, concentration, cell Dumberand with or without the

addition of dichromate to the electrolyte.

Most of the experiments .•••ere carried out .•••ith 4.0M
NaGl solution. Current density was varied between 187.5 to
750 Am-2 and pH between 6 to 10 at room teI!lporattire.

Low temperature favours the hypochlorite formation but
due to the non-available cooling system in the laboratory, the
experiments WBre carried out at room temporature. Some experiments
were performed by adding dichromate to the electrolyte to ~Uppr8~s
the reduction or hypochlorite at the cathode.,
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2.2 CELL DESIGN

The process of alkali chloride electrolysis is very
sensitive to cell design that has been recognised from its
earl,. stages and various types of cella are available 33,34,

35',36,',',.However the nature of the cell depend on the end." .
product required. In hypochlorite production, it is reo~-
ended that the electrolytic equipment should not be made of
metal aa the latter wouldtake part in tha reduction of the

hypochlorite causing efficiency losses, Dimensionally stable
anodes such BePt,Ti!Ti02' are preferable but high cost pre_

vents its use. In tba present study graphite has been chosen

as anode beoause at low temperature of operation it does not
errode. The outer frame of the cell body should be made of
inert material such as pyrex glass and perspex. In the design
of the now coll theso factor have been taken into considaration.
The description of the cell is given in the next section.

2.3 DE3CRIPTION-OF TITE CELL

The design of the cell for the present investigation
was developed to obtain maximum ourrent efficiencies and opt_
imum production of bypocblorite by the electrolysis of sodium
chloride. The oell system consisted of perspex box in which
anode and cathode were placed. Twd boxes of different siies
were used to study tho effeet of ~ount ot o~e6t~b11to on ~tie
hypochlorite production. The boxo5 measuring (33 cm x 23 cm x
19 em) and (26 Clllx 8 em x 11~cm) were used,
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The electrolytic cells consisted of graphite anodes and stain_
less steel cathodes which were rectangular in shape and placed
virtically in the perspex box. The number of the cells in the
perapex box were 8 (eight). In each cell a graphite anode and
a stainless steel cathode were placed vertically at a distance
of 10 mm and one cell was kept apart from another by a distance
of 15 mID. The graphite anode measuring (5 em x 4 em x 0.635 em)
and cathode measuring (5 em x 4 em x 0.317 em) were used. The
stainless steel wire weB used to keep the electrode in position.

The anodes of all the cells were connected in series by
a conducting wire to the positive pole and all the cathodes to
the negative pole of the power supply via an ammeter and a
voltmeter in the circuit as shown in figure 2.2 and 2.3. The
complete view of the experimental setup ie shown in figure 2.4.
Figuro 2.1 shows the dimension of anode and cathode.

The experimental box for electrolysis consisted of two
stop cocks D1 and D2 of which D1 was the inlot through whiCh
electrolyte was introduced in to the exporimental box and D2
outlet was used to collect the electrolytic sample for analy_
sis.



2.4 rnSTRUM:ENTATION Alv'1l MATERIALS

INSTRUMENTATION

(1) A manually controlled power supply having an out put
0-15 Amperes and 0-30 volts.'

(2) An ammeter ranging from 0-15 Amperes and a voltmeter

ranging O_}O volts.
(3) A pH meter,

Corning Medical and SCientific,Halsteed,Essex C092DX.

England.

(4) Graphite anode and stainless steel cathode.
(5) Twoexperimental perapax boxes or di fferont size in

24

which electrolysis were performed.

(6) A stop watch.

(7) Aspirator bottloe(10 lit,5 lit ,and ~ litrea capacity).

MATE1l:IALa

(1) Hydrochloric scid(conc. ) • • • • • • • • (BDB)

(2) SulphlU'ic acid(conc.) •• • • • • • • • • (BDIl)

(3) Potassium dichromate • • • • • • • • .eE.Merck).

(4) SodiUlll chloride • • • • • • • • • • • • (E.Merck).

(5) Sodium chloride • • • • • • • • • • • • (Local) •

(6) Potassium Iodide • • • • • • • • • • • (E.Merck) •

(7) Sodium bicarbonate • • • • • • • • • • (E.MerCk) •

(8) Sodium thioBulpb.&te • • • • • • • • • • (r::.Merck).
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(9) Silver nitrate • • • • • • • • • • • • (E.Merck) •

(10) Starch indicator • • • • • • • • • • • (E.l'lerck) •

(11 ) Potassium chromate • • • • • • • • • • (E.Merek).

(12) Double distilled water

2.5 PROCEDURE

The experimental box was fitted with electrodes and
were connected to the power supply having an ammeter and a

voltmeter in the circuit. In most of the experiments 4.011

sodium chloride (234 gm/lit) solution were used and in aome
of the experiments potassium dichromate (2.5 gm/lit) had been
added to increase the bypocr~orite production. The tempcrat-.
ura and pH of the electrolyte were rAcorded for everY experi-
ment, The electrolytic products were collected through the'out-
let at an interval of 10 or 20 minutes for analysis.

The main products in the electrolysis of sodium ohloride

were hypochlorite and chlorate,these were analyseq by iodometric
titration.

CALCULATION OF THE AMOUNT OF HTI'OCHLORITE PRODUCED

The amount of hypochlorite produced during electrolysis. .,
wara determineq by iodometric titratio~9~ A sample of usually
20 ml was taken in a conical flask from the electrolytic solU-
tion. 1 ml of 1N sodium bical~ona~e was added and mixed by gdbtlo



shaking. After the addition of 5 ml 10% potassium iodide and
5 ml of 1M sulphuric acid, the flask was covered with a watch
glass,shaked and allowed to stand for }-5 minutes in darkness.
It was then titrated against O.1N sodium thiosulphate using
starch indicator. The volume"1 of sodiumtbio-sulphate requ-

ired for titration was noted at the end point and was used to
calculate the amount of bypochlorite.

CALCULATION OF THE AMOUNT OF Cm.ORATE PRODUCED

The amount of chlorate produced during electrolysis
was determined by iodometric titration. 20 ml of the electro_
lytic solution was taken in a conical flask, 5 ml of 10% pot_
assium iodide,20 ml of distilled water and 50 ml of concent_
rated hydrochloric acid were added to it. The flask was cov-
ered with a watch glass,shaked and allowed to stand for about
5 minutes in darkness. The liberated iodine was then titrated
against O.1N sodium thiosulphate solution using starch solut-
ion as indicator. The volume V2 or sodium thiosulphate was
noted at the end point. Now the dif£erence between V

2
and V

1
vae the actual volume of sodium thiosulphate required for the
titration and was used to determin the amount ot chlorate.

26
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RESULTS

3.1 mTRODUCTION

AND DIS C U S S ION

An electrochemical cell system has been devised using
graphite anode and stainless steel cathode for the production
of hypochlorite by the electrolysis of sodium chloride solution.
The performance of the cell for hypochlorIte prodn('.tionhas been
assessed in terms of current efficioncy,pow~r consumption and
space time yield.

The electrolysis of aqueous Bodiuin chloride eolution
was started with 4.0" solution. Precautions were taken so that
any unreaoted chlorine produced during electrolysis coUld not
escape. The amount of ~och1orite produced was determined at
a suitable interval.

Experimental data and calculated results have been
presented in Appendix and a selected llumber of experimental.
and calculated reeulte are shown in this chapter. In each
experiment the change of hypochlorite concentration with time
was determined. The current efficiency and epace time yield
for both hypochlorite ~d chlorate were 8)SO determined. The
power consumption waS calculated only for hypochlorite.

3.2 EFFECT OF TII1E ON OONCilliTaAT10N,CUmiZNTEFFICIENCY,SPACE

TIME YJELD .uru POWEllCONSlI11PrION OF IiYPOCBLORITE:

Hypochlorite wo.s produceJ at different operating current
densities. A sst of resu.Lta at tin 0pol'at:ingc"U'rrentclaJ]~lityof



375 Am-2 are shown in table 3.1 and have been plotted in
figures 3.1,3.2,3.3 and 3.4.

Figure 3.1 represente the variation of concentration
of hYPochlorite and chlorate with time. It ia oboorvod from
table 3.1 and figure 3.1 that the production of hypochlorite
increases with increase of time upto certain period and'then
it decreases but the production of chlorate increases with
time.

The variation pf current efficiency of ~ochlorite and
chlorate production with time are shoWn in fi&~'e ,.2 which
indicates that the current efficiency of ~ochlorite remains
almost constant up to certain period ( sbout 100 minutes ) and
then it decreasea but in the case of chlorate the current effi_
ciency increases with time.

Figure 3.3 represents the variation of space time yield
with time. It shows that the apace time yield of nypocr~orite
deoreases with time but Bpnea time yield of chiorate goes on
inoreasing. The variation of power conaumption of hypochlorite
with time has been plotted in fi,gure 3.4 which shows that the
power consumption increases with increase in time.
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TABU; 3.1 PRODUOTION;OURRENTEFFICIENCY AND SPACE TlME

Yll:r.n OF HYPOCHLORITE AND CHLORATE AT 0.D.375 Am-2•

(1) Total current •• 6 amp.

(2) Voltage • 6 volta.

(3) Total solution in the cell • 7 litres.

(4) Initial temperature _ 23°C

(5) pH • 7.10

,. -! 01°3
•

I I •
Time IVolumeIVolumeof J Ccncentration
of : of : N8zS203l;I0ln":(m.equiv/L)
electr-' elec~~ ('0865N) l
ol~'siB olyt~c I requirea. for:
(m~n) Boln., I

anal- : _ 1

yeed : 001- CIO",: Oel-
eml) : ~ :

Ourrent
efficiency
( % )

,
•l 010:;,

Space time
yield.

(kgh-1 m-3)
,

001- ! OW;,

5~47

25.34,

24.19

28.31

28.21,
28.01 .

8.12 28.58

9.14 28.50

9.47 28.75

11.36

13.19

15.36

16.74

18.94

21.10

78.34-

77.80

74.51

72.3°
7°.36

67.18

0.86 79.1'.

1.94 79.15

3.02 79.77

27.04 63.28 23.06

32.23 58.18 25.20

38.94 53.26 28.10

4.32

6.05

8.43

11.46

14.27

18.17

22.50

1.95 49.75

2.65 55.59

3.30 61.64-

4.20 67.48

5.20 71.59

6.25 74.19

7.45 74.41

9.05 73.76

0.20 8.43

0.45 16.87

0.70 25.52

1.00 33.52

1.40 41.74

1.95

3.90

5.90
7.75
9.65

11.50

12.85

14.25

15.60

16.55

17.15

17.20

17.°5

20
20
20
20
20
20
20
20
20
20
20
20
20

20
40

60
80
100

120

140

160
180

200

220

240

260
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The dacresa@ of current efficiency of hypochlorite
production may be duo to tho oxidatio%l of h,ypooblortte to

ohlorate,evolution of oxygen at the anode and reduction of
hyp~chlorite at the cathode and chemical conversion of hypo-
chlorite to chlorate. The amount of chlorate production inc-
reases with increase in time. This may be explained in the

'7

following way I

The ~ochlorite ions ( or its acid ) formed in the
solution diffuee back to the anode and is oxidisod there ac~
ording to following reactions.

or
6 HOlO ~, '11;,0 •• 201°3 -+ 401- -+ 12.a+ + 3/2°2+ 6e.

Chlorine monoxide m"" aleo be .formed by the oxidation
or hypoohlorite

6 010- ~ 6010 -+ 60.

Tile chlorine monoxide 80 Hlt'med on the eleotrode

reaots with water forming chlorate and oxygen.

6010 + 3H2O •• 2010'3 + 4Cl- + 6R+ + 3/2 02'

Hammar ~d Wranglen 11 suggested tbat b3Pochlori te

would be decomposed in the :rollowing ''''' ,
2 HOlO----~•• 2 HOI + 02.



The conaumption of Qypoehlorite may also occur
according to the following reactions :

2 HOlO + 010- --~~"CI03-+ 201- + 2 H+.

nOlO+ 2 OlO---,~."CI03 -+ 2 01- + n-:-

LOBe of current efficiency m~ occur due to the
reduction of hypochlorite at the cathode surface in the
following manner :

010- + ~O + 2e- ---"~. 01- + 2 DIr:

The cathodic loeses ""ere IItudied by Nagai and

Takei12, their result indicate that these losses are
governed by diffusion of b;ypochlorite towards tbB catho-

dic surface.

The results for operating current density of
625 Am-2 are shown in table 3.2 and in !igurea 3.5,3.6,
3.7 and ~.8. The results obtained in this CBse follow
the 8aJ11.Btrend ae observed in the previous case (C.D.

_2375 Am ). In aVBr,y case,tba experiments were repeated
under the same conditions to obtain reproducible result..,.

A number of experiments W::JNperformed varying'- ~ 0-.tuu current density fro~ 187.5 Am to 75 Am in two
perapex boxes of different sizes at different condition.

'6
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TABLE 3.2 PRODUCTION,CURRENTEFFICIENCYANDSPACETIME

YIELDOFRYPOCHLORlTEANDCHLORATEATC.D. 625 Am-2•

(1)

(2)

(3)
(4)

(5)

Total current

Voltage

Total solution in
the cell
pH

Initial temperature

•

•

•

•

•

10 amp.

7 volts.

8.30 lit:res.

3.62
3;88
4.20

4.55
l~.89

5.21

5.76

2.71

3.29
_3.46

3.55

44.81

44.50
43.90
43.35

39.78
37.84

36.68
34.84

32.34

8.38
10.15

10.66

10.97

11.17

11.97

12.95

14.05

15.°8

16.06

17.71

20.38

74.65

74.13

73.12

72.21

69.06

66.59

63.03

58.04

53.87

49.51

44.99

22.59
26.47

31.95

39.71

18.94 61.11

1.14

2.51

4.56

6.39
8.21

10.04-

12.55

15.52

0.55 22.36

1.00 33.32

1.-40 43.82

1.80 54-.09

2.20 62.08

2.75 69.8-4

3.-40 75.55

4.15 82.39

4.95 86.%

5.80 88.78

7.00 89.01

8.70 87.64

4.90

7.30
9.60

11.85

13.60

15.3°

16.55

18.05

19.05

19.45

19.50

19.20

20
20
20
20
20
20
20
20
20
20
20
20
20

20
40

60
80
100

120

140

160

180

200

220
240

260

---'.---~'------,~-----~~-----~,--------
Time I Volume: Volumeof : Concentration Current : Space time
of I of 1Na2S203aoln.l (m.equiv /L) e:f:ficiency : yield.
elect-:- : elec~r-: (0.0913N) : ( % ) ! (kgb-1 m-3)
ro~ya1~ olyt1c , required for: '
(m1n) ,soIn. I I I i! ::1Y-!OC1-j CIO} i OCl- 1 C10'3 i 001- [ 0103 ! 001-

74.62 7.61
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The prol;1.uction of hypochlorite wera found to be affected

'by the following variables :

(aJ The e1'1'eot of dichromate addition.

(bJ The effect of current density.
(oj The eHect of electrolytic temperature •

(dJ The effect of pH value.

3.3 THE EFFEOT OF DICHROMATE ADDITION

Experiments were run at the same current density
with and without the addition of dichromate. The results
have been discussed in terms of concentration, power con-
sumption ,current efficiency and space time yield which
are shown in figure 3.9,3.1°,3.11 and 3.12 respectively.

It has been observed frollltho figures that tba amo-
unt of hypochlorite production,current effioienoy and

space time yield increase due to addition of dichromate.
However,power consumption 1s also less in this case tor
hypochlorite production.

During eleotrolysis there is a chance of reduction
of hypochlorite to chloride which was usuallT avcided
by the addition of cl.ichrOlllate.Dichromate forms a layer
on the cathode eurface and minimil'.es the diffusion of
hypochlorite for reduction cn ths cathode,hence increases
the amount of hypochlorite production.
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3.4 THE EFFECT OF CUPJili~TUENBITY

In figures 3.13,3.11~ and 3.15 current efficiency,(ma:<imwu)
power consumption (Ginimum) and spaco ti~e yield (maxi~um) were
plotted against current density respectively.

It can be observed that the current efficiency decreases
with the increase of current density. At high current density the
current efficiency decreases although the hypochlorite production
increases. Since the current efficiency decreasos,the power consu_
mption is also increased. The production of hypochlorite goes on
increasing with the increase of current density. So the space time
yield is also increased.

The loss of current efficiency may be attributed to the fact
that at high current density the rate of electrochemical oxidation
of hypochlorite to chlorate increases. The loss of efficiency may
also be due to the escape of some amount of chlorine gases which
are produced in lar~e ~~ount at hiSh current density without being
utilized for h:ypeehlorito production. But at low current density.
t~e produced chlorine gases are mostly utilized for the production
of hypochlorite.

3.5 THE EFFECT OF TEM1:>ftiATU1B

In an electrochemical cell lower temperature is desirabic for
the production of hypochlorite. This has been varified in figures
3.17. It has been observed that at 22°C the amount 'of production and

ocu~rent efficiency o~ hypochlorite are greater than that at 33 c. But
in tlw case of chlorate the production increases with increase in
temperature.
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3.6 TBE INFLUENCEOFpH

J.ccording to Hammerand Wrunglen11 the consUlllpt.' eJn

of hypochlorite due to chemical formation of chlorate may be
suppressed either by electrolysis at a very low temperature
(OoC) or at high pH ("> 9 ). So most of the experiments were

carried out at high pH to obtain the maximum production of
bJpochlorite.

}.7 THE EFFEOT OF THE SIZE OF THE EXPERIMENT.1L BOI:

Two boxes of different sizes were used to construct
the electrolytic cell having capacities of 10 litrBS and 2.5
litree. The current efficiency,production of hypochlorite and
cb1ora'te were found to be different tor tvo boxes. Power COIll;l-

umption against current density and current efficienoy against
t~e tor different current densitieB were plotted in figure
3.18 and 3.19. Power consumption for bsPochlorite production
was found to be higher in the case of smaller box but higher
current efficiency was obtained for larger box at the same
current density.

3.8 PERCENTAGEOF SODIUM CHLORIDE CONVERTED

Percentage of sodium chloride converted into hypochlo-
rite and chlorate was plotted against time(figure 3.20). Initially
the Conversion of NaCl is rapid and then slo~s down. It attains a
lllaximumof 15% at tomperatl1t'e22°C and pll 9.15. A lIlUXilllUDlccmVcraiolL
of 13% have been reported by Chittagong Chomicai Complex,~angladesh
with 70°0 at pH 6.5.
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3.9 THE m"F:t:CT m. CONCENTRATIONOF ~CTROLYTIC SOLU'l'ION.

'i'hoconcentration of ~Jo~llumchloride solution was v=ied from

O.5N to 4.0M during the experiments. It was difficult to obtain a
solution having a concentration greater than 4.0M at the working
temperature. At low concentration of sodium chloride 501ution(O.5M),
initially the production of hypochlorite and current efficiency were
high and almost equal to that of 4.0M sodium chloride solution but
after a short period of time the production and current efficiency
were found to decrease rapidlY,(Appendix,Table. 22). This may be
attributed to Ghe rapid depIction of available sodium chloride in
the cell.

It may b, mentioned here that too above concentration of sodium
chloride (4.011) has been recognized for th, optimum production of
bypochlori te industrially8,10,21 at too a~'working temperature rane;e.

3.10 TIli: m'FECT OP TIll:: NU.l'112R OF I:IJ,CTROLYTIC CELLS.

In the present investigation it has been found that the
production of ~ochlorite decreases with the decrease of the
number of electrolytic cell used under the same experimental
condition, but the eur~ent efficiency remains almost constant.



60

3.11, 3'i.'OR:.Gl;OF JT[POCIILOlUTE

Hypochlorite io stored in a dark coloured glass stoppered
bottle. When it ~.';stored in a white [l;1a::';13 bottle about 98.2% of

hypochloritos arc decomposed within 9 days. If it is stored in a
dark coloured ~lacs stoppered bottle ,the decomposition of hypoch-
lorite hus beon found to be around 16.59% within the same period.
The rate of decomposition of hypochlorite and formation of chlor-
ate stol'ed in u dark blue coloured glass stoppered bottle are shown

in table 3.3.

liECOI1PO,sITIOH OF llYI'OCIILORITE AHD FOR!"1A'nON OF

ClILOrt.i\.TE STOrt:i:.'D IN 11. DAnK BLUE COLOURED G1JI.SS

5TOPP~REDnCT~.

,, ltypocblorite Chlorate
Time in i , , , ,
dayo , 001-/L f llocompo- : Decompo- 010'3/L 1Formation: Formation,, (gm) , 8itlon. oition. , (gm) ,, , ( gm ) , , (%), , (em) (%) , ,, , , ,, , , ,

0 6.0692 x x 3.1103 x x

9 5.062 1.0072 16.59 3.3989 0.2886 9.27
40 3.85°9 2.2183 36.54 3.5783 0.468 15.°4
85 2.483 3.5862 5;;.08 3.6158 0.5055 16.25
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CON C L U S ION

(i) A novel aloctroche~ical cell system was devi~ed using

graphite anode and stainless steel cathode for the opti_

illUillproduction of hypochlorite by tl~ electrolysis of

sodium chloride solution.

(ii) The cell is of simple lEeoillctric shape,@ase of design and

CQn be cosily constructed. The cell box was 01030d so that
hypochlorite c= lJe eUsily fo.rmedin the cell from evolved

chlorine gas 3t the ,:modeand Ole ions at the cathode.

(iii) '.I'hoperfor.ll,mce of the cell for h;ypochlorite production

was 11.<;.901;50d in r,orrn:'l of current officiency,pO\1er consUlll-

ption and space timo Jiold.

(iv) 'rho maximumCUL'rentefficiency ob'~ained in this investi-

gation was 90.70% at current density of 625 Am-2 at 22°c
u:nng diehl'ornate (:\nd the lllini~u.mpo\"ler consUlIlption was

found to be 6882.66 K,Jhr/ton for hypochlorite production

in this Cl:\'le. The ,nLC::iL~UlIlyield of hypoch.lori te obtained

was ~,.221g"iIl.rL.





T.A.BI.,E 1. PRODUCT:LON,CUP.llliNTBliP IClliHCY AND SI'ACE Tll1E
_2

YICLD OF HYI'OCIJLORITE AT C. D. 187.5 Am •

(1) ~otul current ~
(2) Voltage ••

(3) Total soln. in tho cell g

(4) Initial temperature ••
(5) pH .,

6,

3 amp.

5 volts.

6 litres.

---~----"'-----~----------,--------Time Volume: Voluue of oC17L Current :Space time
of of ','Na2S20, efi'icicncy : yield.
electr- electr- , (gill), ( " ) ,

" 'k h-1 -3olysis olytic 1(0.00854N) 1 (g m)
(min) soln.: in ml :

, analysed j;equire£, I
: (ml) .tor OCl !

'5,0
'5
60
75
90

'°5
120

135

'50

165

180

220

20
20
20
20
20
20
20
20
20
20
20
20
20
20

9.3°
18.55
27.85

36.85

45.5°
54.80
63.60

71.20

78.40

84.40
89.00
93.50
95.90

%.50

0.1018

0.2031

0.3049

0.4035
0.5005

0.6000

0.6960

0.7832

0.8620

0.9221

0.9785

1.0285

1.054

1.0615

84.88

84.63
84.71

84.06

83.41

83.34
82.85
81.58
79.85

77.37

74.13

71.42
64.29

60.3°

15.27
15.23

15.24

15.13

15.01

15.00

14.91

14.68
14.36

13.86

13.34

12.85
11.56

10.85
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TABLE 2. PRODUCTION,CURRENT Elo'FIClliNCY 1I1ID SPACE TJJ'1E

OF HYPOCHLORITE AT C.D.
_2

YIm..,D 187.5 Am ..

S;-- (1) Total current • 3 =p.

~

(2) Voltage • 5 volts.
(3) Total soln. in the cell • 7 litres.

(4) Initial temperatura • 22°C
(5) pI! • 9.10

, , I , ,
Tilnc of : Volume : Volume of : OCI-/L , Oel- : Ourl'ent , Space time
elcctr-: of" : Na2S203 ("'" )

!(rn.aquiv/L) : efficiency yield.
1 ' '1 t' I

, ,
(kgh-1 m-2)o ;rSl.B : e ~?ro-, (' oo714-11): , ( % ) ,, ,

(ml.n) 1ly 1.0 : raguired : , ,
: soln. : for :

, ,, ,
, analysed, 001- , , ,, ,
: (ml) f (ml) i , ,, ,, ,

5 20 3.25 0.029 1••14 86.04- 15.48

20 20 12.90 0.118 4.60 86.53 15.55

35 20 22.40 0.2°5 7.99 85.77 15.41

5° 20 32.10 0.295 11.45 86.04 15.48

65 20 41.3° 0.379 14.73 85.15 15.32
80 20 50.05 0.459 17.86 83.84- 15.07

95 20 58.90 °.541 21.04- 83.18 14.96

110 20 68.00 0.624- 24.26 82.84- 14.90

125 20 75.60 0.695 27.°0 81.14- 14.•60

140 20 84.20 0.773 3°.°5 80.60 14.50

155 20 91.90 O.8li-4- 32.79 79.46 14.30

'7° 20 98.10 0.900 35.01 77.33 13.89

200 20 110.50 1.015 39.43 74.04 13.32

240 20 125.00 1.14-8 44.61 69.80 12.56



TABLE3.
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PRODUCTION, CURRENT EFFICIENCY AND SPACE TIME

YIELD OF HYI'OCHLORITE AT C.D. 250 Am-2•

(1) Total current " 4 amp.

(2) Voltage " 5 volts.

(3) Total soln. in the cell = 7 litres.

(4) pH •• 6.5

(5) Initial temperature ,,23.5°0

I i
Time ; Volume : Volume011001-/L
of : of : Na2S203 : (gm)
elec~rl elec~r- k '00735N);
ol;rsJ.s : olytJ.c : required:
(wJ.n) ,soln. 'f 001-'

: analysed: or :
r (ml) : (ml) :

i i •
: 001-/L r Current r Space time
:cm.equiv/L) 1efficiency: yield.
• • •I ! (%) ickgh-1 m-3)
• • •• • •• • •• • •• • •i ! i

20
40

60
80
100

120

140
160

180

200
220
240

260
280

20
20
20
20
20
20
20
20
20
20
20
20
20
20

46.70
61.60

75.60
91.20

104.00

117.00

128.60
138.00
144.65

155.°5

162.00

165.65

0.1476

0.2%3

0.41+20

0.5825
0.',1155

0.863°

0.9840
1.1°7°
1.217°

1.365
1.%5

1.530
1.577

17.16

22.63

27.78
33.51
38.21
44.99

47.26
50.69

53.00

56.89

59.41

61.24

~0.74
80.09

80.57
79.66

78.26
78.67
76.90
75.69
73.96
71.39
68.06
66.88

64.45
61.16

1';1.37
19.44-

19.33
19.11

18.78
18.87

18.45

18.16

17.74
17.80

16.28

16.02

15.11-5

14.78

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TABLE 4. PRODUCTION,CURRENT EFFICillNOY AND SPACE TIME YIELD

OF HYPOCHLORITEAND CHLORATEAT C.D. 375 Am-2•

(1) Total current • 6 WIIp.

(2) Voltage • 6 volta.
(3) Total soln.in the cell • 7 litrea.

(4) Initial temperature • 23°0
(5) pH • 7.20

, , ,
Time of l Volume : Volume of : Concentration Current Space time
electr- : of elect-l Na<f203aoln. I (m.equiv/L) efficiency yield.
ol;rsis : rolytic ! (O.0865N) , (%) (kgh-1 m-3),
(m:tn) ,soln. 'equired for ,,

: analysed ' r ,
: (m1) ! 001- : 010- I , - !001- : ClD- , -001- i Cl03 : 001- iCI03' I , 3 ' , .3 ,1 1 , ! ,

20 20 2.00 0.20 8.64 0.86 81.26 8.11 29.19 1.57
40 20 3.95 0.45 17.08 1.94 80.16 9.13 28.86 1.77
60 20 5.95 0.80 25.76 3.% 80.64 10.82 29.01 2.10

80 20 7.90 1.20 34.17 5.19 80.1612.17 28.86 2.36
100 20 9.80 1.55 42.39 6.70 79.55 12.58 28.65 2.44
120 20 11.55 1.95 49.96 8.43 78.13 13.19 28.13 2.56
140 20 13.20 2.45 57.10 10.60 76.53 14.20 27.56 2.76

160 20 15.00 3.00 64.89 12.98 76.10 15.22 27.41 2.96
180 20 16.60 '.70 71.81 16.00 74.86 16.68 26.96 3.24
200 20 17.80 4.40 77.°° 19.03 72.24 17.86 26.02 3.47
220 20 19.05 S.30 82.41 22.93 70.29 19.55 25.31 3.80
240 20 20.00 6.60 86.52 28.55 67.64 22.32 24.36 4.34
- - - ----- - - - - - - - - - - ------ - - - - - - -
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TABLE 5. PO\illR CON&'UI'IPTION m' IIYFOC1fi.ORI'I'E AT C.D. 375 Am':'2•

(1) 'fotal cUI'rent • 6 emp •

(2) Voltage • 6 volts.
(3) Total soln. in the coll • 7 litres.

(4) Initial tewperatw:'e • 22°c

(5) pH • 7.10

, , ,
Time 0 VolU1Ile of VolU.'llc of Del-/L. r Total 001- : Power COIlBlllllptioil,
of , electro- NaZSZ03

, ,
(gill) 0 (om) 0 (Kl/hr/Ton)electr- ! lytic 0 I(0.085511) ,

olysis soln. 0, ,
(min) , analysed required ,, ,, (IIlI) for Oel-

,, 0, ,
20 20 1.'35 0.217 1.520 7892.14-

40 20 3.90 0.434 3.041 7892.14-

60 20 5.90 0.657 4.600 7825.22
60 20 7.75 0.863 6.043 7943.06

100 20 9.55 1.075 7.525 7973.42
120 20 11.5° 1.281 8.967 8028.98

140 20 12.85 1.4-31 10.020 8383.22
160 20 14.25 1.587 11.111 8639.68

180 20 15.60 1.737 12.16IJ. 8878.28
200 20 16.55 1.843 12.905 9298.36
220 20 17.15 1.910 13.373 9870.26

240 20 17.20 1. ':)16 13.412 1°736.24

260 20 17.05 1.899 13.295 11733.28
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TABLE 6. PRODUCTION, CURRENT EFFICIENCY AND SPACE TIME Y:rn:LD

OF HYPOCHLORITE .AND CHLORATE AT G.D. 375 Am-2•

(1 ) Total current • 6 "'p •

(2) Voltage • 6 volts.
(3) Total solD. in the cell • 7 litres.

(4) pH • 9.1

(5) Initial temperature • 22.5°0

, , , , ,
Time of' : Volume of : Volume of : Concentration: Current : Space time
ele?trol electrolYti~ Na2S20} soln~ (m.equiv/L) I efficiency I yield.
ly~~s : soln. t('08656N~ : I (%) !<kgh-1 m-3)
(m1n) ,analysed 'require for I

,, ,
: (ml): '

, ,
, " 1_ , - !Cel- lCI0} I ,
I 'Q'Jl- '010- '001 ! CI03 j 001- ! Ola;, " 3 I ,' '"

20 20 2.05 0.20 8.86 0.86 83.20 8.11 29.97 1.58
40 20 4.05 0.45 17.52 1.94 82.19 9.13 29.60 1.77
60 20 6.10 °.75 26.38 3.24 82.5:3 10.14 29.72 1.97
80 20 8.15 1.10 35.25 4.75 82.7° 11.16 29.79 2.17

100 20 10.°5 1.50 43.47 6.49 81.58 12.17 29.38 2.37
120 20 11.90 1.90 51.48 8.22 80.50 12.85 28.99 2.50
140 20 13.65 2.25 59.°5 9.7, 79.14 13.°4 28.51 2.54
160 20 15.3° 2.65 66.19 11.45 77.62 13.45 27.96 2.61

180 20 17.10 3.,0 73.97 14.26 77.11 14.89 27.78 2.89

200 20 18.3° 3.90 79.16 16.76 74.27 15.84 26.75 3.°8

220 20 19.50 4.60 84.36 19.88 71.95 16.98 25.92 3.30

240 20 20.00 5.35 86.52 2,.14 67.64 18.09 24.36 3.52

260 20 20.05 6.90 86.74 29.85 62.60 21.57 22.55 4.19
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PRODUCTION, CURRENT EFFICIENOY AND SPACE T.D1E YIELD

OF HYWCIILORlTE AND CHLORATEAT C.D. 375 Am-2(SMATTJ;;R

BOX).

(1) Total current • 6 =p •

(2) Voltage • 5 volts.
(3) Total Boln. in the cell - 1.5 litres.

(4) Initial temperature - 32.5°0
(5) pH • 9.1

, , ,
Time of; Volume : Volumeof : Concentration Current Space ti.me
eleetr- : of !NSZS203sol~ (m.equiv/L) efficien01 ,-ield.
olysis : electr- :c 108771N) I (% ) (kgh-1 m-3)(min) i olytie :required for:, soln. J ! (Xa- : 01°3

I _ , ,
: analysed, 0(:1- : 010- l 001 ' CIO- 001- i 01°3i (ml) : ; 3 , : .3, , ,

20 10 3.55 0.55 ;.12 4.82 62.59 9.70 22 ••54- 1.88
40 10 6.85 1.20 60.06 10••52 60.38 10.58 21.75 2.05
60 10 9.90 2.10 86.81 18.41 .58.17 12.34 20.95 2.40
80 10 12.60 ;.°5 110.51 26.74 55.55 13.44' 20•.00 2.61

100 10 15.15 4.40 132.87 38.58 53..43 15.52 19.24 ;.02
120 10 17.00 6.10 149.10 53..49 49.96 17.93 17.99 3.48
140 10 18.00 8.10 157.87 71.03 45.34 20.40 16.33 3.97

160 10 18.60 10.40 162.88 91.20 40.93 22.92 14.76 4.46
180 10 18.00 12.80 157.89 112.25 35.25 25.08 12.7° 4.88
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TABLE 8. PRODUCTION,CURRENTEFFIOmNCY ANDSPACE TlME YIELD

OF HYPOCHLORITEANDCHLORATEAT C.D. 500 Am-2•

Initial temperatura

Total soln. in the cell

Voltage

Space ti.me
yield.

(kgh-1 111-3)

001- i 0103,

7.6 litres.

23°0
9.10

8 amp.

6 volts •
•

•

•

•

•

,
: Current
efficiency
( % )

,
001- ! CIO,,

Concentration
(m.equiv/L)

Total current

pH

(1 )

(2)

(3)
(4)

(5)
,f i

Time : Volume1 Volumeof :
of i of : NBcS203 Goln. :
elec~r; elec~~ ('08822N) :
OlYS1SI olyt~c I required for :
(min) : soln. I I I

:analyse~ 001- : 010-3 :: (llll): r :

14.50 3.60

16.55 6.00

16.95 8.35
16.00 11.05

8.42 37.21 2.18

9.26 36.81 2.40

9.54 36.94 2.47

10.95 36.60 2.84

12.13 36.08 3.14

14.32 35.05 3.71

20
40

60
60
100

120

140

180

220
260

20
20
20
20
20
20
20
20
20
20

2.3°

4.55
6.85

9.°5
11.15

13.00

0.25

0.55

0.85

1.3°
1.80

10.14

20.06
3°.20

39.90
49.16

57.32
63.94
72.98

74.74
7°.55

1.10
2.42
3.74
5.73
7.93

11.24

15.87

26.46

36.83
48.73

77.50
76.66

76.94
76.23
75.14

73.01
69.80 17.33
61.96 22.46

51.92 25.58

41.47 28.64

33.51

29.75

24.43
19.91

4.49
5.83

6.63
7.43
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TABLE 9. PRODUCTION, CURRENTEFFICIENCY AN1l SPACE Tll1E YIELD

_2
OF lfYPOCHLORITE AND CHLORATEAT C.D. 562.5 AJJJ. •

(1) Total current • 9 amp.

(2) Voltage • 6.5 volts.
(3) Total soln. in the cell • 7 litres.

(4) pH • 9.2
(5) Initial temperature • 22°0

, , , , ,
Tima 1Volume; Volume of t Concentration : Current : Space time
of t of : N~S20~soln. • (m.aquiv/L) : eHiciancy • yield •, •electr~ elec~r~ (0 086 N) , I (%) 1 (kgh-1 m-'),
ol:rSie ! olytl.c : required for , •, •(m~n) r aoln., _ i _ I ! OGl- , I OGl- , -

:analysedl oel 1CI03
, OGl- ClO- • 010- 1 010,• 3 , , 3 ,

1 (ml) ; , , , , ,, , , ,
20 20 2.85 0.,0 12.27 1.29 75.82 8.08 41.5° 2.36
40 20 5.65 0.70 24.34 3.01 75.15 9.43 41.13 2.75
60 20 8.35 1.10 35.97 4.73 75.03 9.88 40.53 2.88

80 20 10.85 1.60 46.72 6.89 73.08 10.72 .39.49 3.14-
100 20 13.20 2.25 56.87 9.69 71.16 12.17 38.44 3.54
120 20 H.95 3.°5 64.41 13.14- 67.16 13.7° 36.28 4.00

160 20 18.20 4.80 78.41 20.68 61.32 16.17 33.12 1+.?2
200 20 20.1+5 7.2JJ 88.11 31.02 55.12 19.40 29.77 '.66
240 20 21.3° 11.10 91.77 47.82 47.81+ 21+.93 25.81+ 7.28
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TABLE 10. PRODUCTION,CURP.ENT EFFICillNCY AND SPACE TIl1E YIELD

OF HYPOCHLORITE AND CHLORATE AT C.D. 562.5 Am-2 WITH

THE ADDITION 01<' DICHROMATE.

(1)

(2)

(3)
(4)

(5)
(6)

Total current ••

Voltage ••

Total aoln.in the cell _

Amountof dichromate added ••

Initial temperature ••

9 amp.
6 volts.

7 litres.

----------------------,------~,-------
Time ! Volume : Volumeof Conoentration : Current iSpace time
of : of : NazS20, aoln. (m.equivjL) ! efficiency ,. yield.
elec~r~ ele?trol (0.0862N) , (%) , (kgh-1 m-3)
ol;yns : lytJ.c r required for : I
(mln) L:o""n• d: i I I I , I

",-,-,a yse I 001- ',ClO-, ': 001- I CIO I OCl- I 010- " OCr! (ml) : : 3 I , 3,
,!!,!!! 1

8.(>2

1.96
2.36
2.49

2.95
'.40
4•.00

48.78

48.41

118.05

47.14

46.01

44•.41

42.43
37.86

3.3.-49

90.,0 6.73

89.63 8.08

88.96 8.5.3
87.27 10.10

85.,18 11.85

82.22 13.7°

78.56 15.01

70.00 19.01

62.00 24.01

1.°7

2.58
4.09
6.40
9.47

13.14

16.80

0.25 14.43
0.60 28.65

0.95 42.09

1.50 55.79

2.20 68.07

3.05 78.84

3.90 87.89

6.35 100.82 27.36

9.80 109.01 42.22

13.25 107.93.57.09

3.35
6.65

9.90

12.95

15.80

18.30

20.40

23.40

25.30
25.05

20
20
20
20
20
20
20
20
20
20

20
40

60
80
100

120
140

180

220

260
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73

PRODUCTION,CURRENTEFFICIENCY AND SPACE TJME YIELD

OF HYPOCHLORITE AND CHLORATEAT G.D. 625 Jun-2 WITH

THE ADDITION OF DICHROMATE.

(1) Total current • 10 amp.
(2) Voltage • 6 volts.

(3) Total soln. in the cell • 7.6 litres.
(4) Amount of dichromate added •• 2.5 gm/L.

(5) pH • 9.2
(6) Initial temperature • 31°0.

, , , , ,
Time : Volumer Volumeof : Concentration : Current : Space time
of : of :'NaZSZ03Boln.: (m.equiv/L) : efficiency , yield.,
elec~r: elec~rl(1090N) ! , ,, ( % ) i (kgh-1 m-3)ol:rs~B: olyt:lc : required for: ,, ,(rIll-D) , soln. I I

I I , I ,lanalY-1 _; _ 1 , - ! 001- , , ,
: sed I 001 : 010.3 : ClCl- ! 010.3 J 01°3 , ClCl- , CI03, ,
: eml)! j I , , ,, , I , ,

20 10 1.60 0.125 14.40 1.12 88.00 6.87 52.8.3 2.23
40 10 3.20 0.30 28.80 2.70 88.00 8.25 52.83 2.67
60 10 4-.75 0.50 42.75 4.50 87.09 9.16 52,,28 2.97
80 10 6.25 0.85 56.25 7.96 85.94 11.69 51.60 3.80

100 10 7.65 1.10 68.85 9.90 84.15 12.10 50.52 3.93
120 10 8.80 1.60 79.20 140.40 80.67 14.67 48.43 4.77
160 10 10.80 2.40 97.20 21.60 74.25 16.5° 44.58 5.36
200 10 12.40 3.40 111.69 3°.60 68.26 18•.7° 40 •.95 6•.08
240 10 13•.7° 4.95 123.3° 44.55 62.79 22.69 37.7° 7.38
280 10 13.80 6.60 124.20 59 •.40 54.22 25.93 32.55 8•.43
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TABLE 12. POIIER CQN,sUliPTION FOR IITPOClffiORITE PRODUCTION
AT C. D. 625 .A,m-2.

(1) Totol -current • 10 amp.

(2) Voltago • 7 volts.

(3) Total SClll. in the cell • 8.30 UtI'CS.

(4) lni tiul temperD.ture • 22.5°0

(5) pH • 7.15
, , ! 001-/L , 0

Tirr,e of : Volume of: Volume of , Total ' Power cons-0
electro-l electr- o Ha2S203soln. 1 (gm) 0 production umption.0 0lysis 0 olytie 0 0 of 001- (K'"hr/Ton)0 0 (0.091311) : 0(min) 0 soln. 0 0 ("')0 0 required for 1 0

0 analYLed 0 0
0 0 001- , 0
0 (rnI) 0 0 0
0 0 0 0

20 20 2.45 0.2879 2.390 9762.84

40 20 4.90 0.5759 4.780 9762.84
60 20 7.30 0.8580 7.121 9830.02

80 20 9.60 1.1285 9.366 9964.52
100 20 11.85 1.3929 11.561 10090.90
120 20 13.60 1.5986 13.268 10551.24-
140 20 15.3° 1.7985 14.927 10941.7°
160 20 16.55 1.9454 16.147 11560.38
1BO 20 18.°5 2.1217 17.6105 11924.46
200 20 19.°5 2.2393 18.586 12554.18

220 20 19.45 2.2863 18.976 13525.76
21,0 20 1'9.5° 2.2922 19.025 14717.38

•
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TABLE 13. PRODUCTION,CURRENT EFFICIENCY AND SPACE TJME YIELD

OF HYPOCHLORI'l'E AND CHLORATEAT C.D. 625 Am-2•

Amount of dichromate added •

(1 )

(2)

(')

(4)

(5)
(6)

Total current

Voltage

Total soln. in the cell

pH

Initial temperatura

•
•

•

•
•

10 amp •

6 volts,

7.6 litres.

2.5 gm/L.

9.1
22°0

i , i

Time : Volume : 'Volume of : Concentratl-Oll
of : of eleot.' N~S203 soln.: (m.equiv/L)
electr-l rolytic :
olysis : soln. (O.090N) I
(min) : analysed required. for I

: (111.1) i _ I _ r _

i 001- l CI03 i OCI ! 0103

Current
efficiency

( % )

_ i _

i 001 i CIO,

! Space time
: yield.
I (kgh-1 m-3),,
I
, ,
001- '010-

: .5

20
40

60
80
100

120

160
200

240

280

10

10

10

10

10
10

10

10

10
10

6 • .35

7.80
9.00

11.10

12.80
13.75
13.90

0.125

0.30
0.50
0.75
1.00

1.45

2.10

14.85 1.12

29.25 2.7°

43.20 4.50
57.15 6.75
70.02 9.00

81.00 13.06

99.90 18.91
115.20 27.41

123.75 40.53
125.10 55.40

90.76

89.38
88.00

87.32
85.80

.82.5°

76.32

70.40

63.02

54.61

6.87 54.49

8.25 53•.99
9.16 52.83

10.32 52.42

11.00 51.51

13•.30 49..-53

14.42 45.82

16.79 42.27
20.64 37.84

24.18 32•.78

2.23
2•.67

2.97
'.34
3.56

4.68

5.44



TABLE 14. POllli'R CON5U!1P.rION FOR HYPOGHLORI'm PRODUCTION AT

C. D. 625 Am-2 I-IiTIf THE ADDITION OF DICHROMATE.

76

(1) '['otal current • 10 amp.

2) Voltuge • 6 volts.

(3) To~o.l soln. m the cell • 7.6 1it1'88.
(4) Amount of dichI'omo.te added •• 2.5 gm/L.
(5) pH • 9.2
(6) InitiDJ. temperature • 22°c

, , ,
Time '[olume : VolU!lle of , OCI-/L , Total Power, ,
of of [ Ha25203

soln. , J production consumption,
(gill)electr- electr- ,

; of 001- , -
:( '090N) ,

: for OCIolyc:is olytie ,, , , ,
(min) "oln. 7'0quirod for , , (gm) , (KWhr/Ton)I , ,

uno.lysed : 001-
, ,, , ,

([uII , , , ,, , , ,
20 10 1.65 0.3823 2.9058 6882.66

4D 10 3.25 0.7531 5.724 6988.12

60 10 4.80 1.1124- 8.454- 7°97.22
80 10 6.35 1.4716 11.184 7153.06

100 10 7.80 1.8076 13.738 7279.02
120 10 9.00 2.0857 15.851 7570.16

160 10 11.10 2.5724 19.55 8184.14

200 10 12.80 2.9564 22.544- 8871.3°

240 10 13.75 3.1865 24.217 9910.08

280 10 13.90 3.2213 24.4818 11437.04
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TABLE 15. PRODUCTION,CURRDilT EFFICIENCY .Aml SPACE TlME YIELD

OF HYPOCHLORITE AND CHLORATEAT C.D. 562.5 Am.-'?!.

(Sl1ALLER BOX).

(1) Total current 0 9 ~p
(2) Voltage 0 6 volts.
(3) Total soln.in the cell 0 1.5 litres.

(4) Initial temperature 0 32°0

(5) pH 0 9.06
, , ,

Time Volume 1 Volumeof Concentration: Currant 1 Spaee timeor or : Na2S203 soln. (rnoequiv/L) : efficiency : yield.
elect- electr- , ! (kgh-1 m-3)! ('0862NJ : ( % )rolysis olytie : require for , ,
(min) , ,soln. I , , I , I ,analysed, , , ,

: (Xn- , - ! 001- ' -: 001- , ClO- t oca- , C103 i CI03 : CI03(ml) : 3 , , ,, , , ,, , , , , , ,
10 10 2.60 0.30 22.41 2.58 60.09 6.9 32.45 2.02

30 10 7.00 1.05 60.33 9.05 53.92 B.08 29.12 2.36
50 10 11.45 2.35 98.67 20.24 52.92 10.86 29.59 3.17
70 10 15.7° 4.30 135.33 37.06 54.837 14.14 28.00 4.14-
90 10 17.75 6.70 152.99 57.75 45.58 17.20 24.•62 5.02

110 10 20.10 9.90 173.26 83.61 42.23 20.37 22.81 5.95
130 10 21.5° 12.80 185.32 110.33 38.22 22.75 20.64 6.64
150 10 22.00 17.5° 189.63 150.85 33.90 26.96 18.31 7~87
170 10 20.90 21.7° 180.15 187.05 28.41 29.498 15.3-4- 8.61
190 10 19.9° 26.60 171.53229.29 24.20 32.35 13.07 9.'14



78

TABLE 16. PRODUCTION,CURRENT EFFICIENCY AND SPACE TIME YIELD

OF HYPOCHLORITEAND CHLORATEAT C.D. 625 Am-2(SMAL-

LER BOX) •

(1 ) Total current • 10 amp.

(2) Voltage • 6 volts.

(3) Total soln. in the cell • 1.70 litres.

(4) Initial temperatura • 33°C
(5) pH • 9.05

Ti.:Ine ! Volume !Volumeof ! Concentration !Current
of : of 1 N8.;2S203 J (m.equiv/L) : efficiency
elec~r-f elec~r-l( '090N) soln. l l (%)
ol;ysu : olytJ.c : required for I :
(nan) ,soln. I ' I f

: analysed: 001- : 010- : 001- : 010- '001- 'CIO-• (ml)' ., • .,. .,
' __ , , I I ! ,

,
: Space time

yield.
(kgh-1 m-3)

20.90 14.75 189.96 134.07 37.10 26.18

2;-59

3.39
4.52

5.53

35;08

34.71

33.00

31•21

29.62

58.44 8.07

57.82 10.56

55.50 14.08

52.50 17.24

49.82 20.13

43.18 22.57

5.90

15.45
3°.90
50.44-

73.62
99.°7

42.75
84.60

121.79

153.60

182.24

189.51

4.75 0.65

9.40 1.70

13.40 3.40

16.90 5.55
20.05 8.10

20.85 10.90

10

10

10

10

10

10

10

10

20
40

60
80
100
120

140

160
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TABLE 17. PRODUCTION,CURRENTEFFIClENCY AND SPACE TJ11E YIELD

OF HYPOCHLORITE .AND CHLORATE AT C.D. 625 /uD.-2 WITH

THE ADDITION OF DICHR011ATE ( SMALLER BOX ).

(1) Total current • 10 8IlIp.

(2) Voltage • 6 volts.

(3) Total soln. in the cell • 1.56 litres

(4) Amountof dichromate added • 2.5 gm/L.

(5) Initial temperature • 33°C

(6) pH • 9.6
, , , , ,

Time I Volume: Volume of : Concentration , Current : Space time,
of : of : Na2S203

Boln. ,
(m.equiv/L) 1 efficiency I yield.,, ,

( kgh-1 m-3elec~r~ elec~ri('08928N) , , (% ) ),
Iolye~B I olytJ.c :required for •

('):801nol
,

II , ,
; C10:3mJ.n lanal-ysedl 001- ': 010- , Oel- I 010- , 001- I CIO- Im-j (WI): ; 3 , , 3 • : .3, , ,

20 10 5.70 0.85 50.87 7.58 6;.82 9.52 38.32 ,.08
40 10 11.25 1.90 100.44 16.96 6,.00 10.64 37.81 3.45
60 10 16.70 3.20 149.10 28.57 62.35 11.94 37.42- 3.87
80 10 19.65 5.25 175.40 46.87 55.01 14.70 33.02 4.76,

100 10 20.60 8.00 183.92 71.42 46.14 17.92 27.69 5;;81
140 10 23.95 17.00 213.82151.77 38.32 27.20 23.00 8.82
180 10 23.20 33.20 207.13 296.41 28.87 41.32 17.33 13.40-
220 10 21.20 48.15 189.27 429.89 21.58 49.03 12.9515.90
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TABLE 18. PRODUCTION,CURRENTEFFIC:JENCY .A1ID SPACE TIME YmLD

OF HYPOCHLORITE AND CHLORATEAT O.D. 625 Am-2 USING

PURE (E.MERCK) NaCl CELORIDE(SMATJ;E'R BOX) •

(1 ) Total currant • 10 ~p•

(2) Voltage • 6 volta.
(3) Total soln. in the cell • 1.55 litrea.
(4) Initial temperature • 23°0

(5) pH • 7.°5

----,-----, ------~,-------,-------,--------
Time : volume : Volume of : Concentration: Current : Space time
of : of : N~S203 I (m.equiv/L) : efficiency : yield.
electr-l electr-: ('0847N)80ln: : (%) ! (kgh-1 llI.-3)
ly?is : olytie : required fori r I

(llI.~n) : soln. I - I , iii I ,
: analysed: 001-: 010- : 001- ','010'; : 001- : 010- : 001- : 010-i eml): J.3: . J j j 3! :.3

28.10 10.40 2}8.00 88.11
29.90 14.00 253.25 118.62
30.50 17.90 258.33 151.66

20
40

60
80
100

120

140

10
10

10
10
10

10
10

7.00

13.95
20.20

25.10

0.90 59.28 7.62
2.05 118.15 17.36

3.75 171.09 31.77

6.60 212.59 55.92

73.9°
73.63
71.08

66.24

59.33

52.61
53.66

9.50
10.82

13.20
17.42
21.97

24.64
27.01

42.67
39.77
35.62
31.58

27.61

3.08

3•.51

5;.65
7.12

8.00

8.76



81

TABLE 19. PRODUCTION,CURRENT EFFICillNCY AND SPACE TIME YELD

OF HYPOCHLORITE AND CHLORAT.E AT C.D. 750 Am-2(SMATJ.ER BOX)

(1) Total current • 12 amp

(2) Voltage • 8 volts.
(3) 'l'otal soln. in th, cell. 1.6 litres.
(') Initial temperature • 22°0

(5) pH • 9.15

---~,---~,------.,------~,------.,-------
Time : Volume : VolUIlle of : Concentration ICurrent : Space time
of : of J N~S203 : (m.equiv/L) I efficiency : yield.
ele'?tr"i elec~r- :("08403N)sOln.: ! (%) : (kgh-1 m-3)
1'1:'lJ.8: olytJ.c :required for ' I !
(IUn) I soln. I I , I

:analysed: 001-: 010- '()(a- : 010- I oor; 010- , DOl-I (m!): ::3 : : 2: ::3:

31.60 16.50 265.50138.60 40.67 21.23 29.29

31.70 22.00 266.34184.85 35.7024.77 25.71

30.40 29.20 255.42 245.53 30.43 29.23 21.92

48.1614.41 34.72

45.34 18.47 32.66

3.33
3.74
4.47
5.61
7.19
8.26

6.10 41.86

8.56 41.70.

9.61 40.89

11.48 38.29

58.11
57.66
56.76

53.15

7.56
15.%

26.68
42.85
67.22
1°3.,.4.

54.19

107.96

158.79

198.28

224.75

253.73

6~45 0.90
12.85 1.90

18.90 3.20
23.60 5.10

26.75 8.00

30.20 12.30

10

10

10

10

10

10

10

10

10

20
40

60
80
100

120
140

160

180
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TABLE 20. PRODUCTION,CURRENTEFFICTI:NClY AND SPACE TlME YIELD

OF HYI'OCHLORlTE AND CIILORATE AT C.D •. 750 Am-2 WITH

'!'HE ADDITION OF DICHROMATE ( SMALLER BOX ).

(1) Total current • 12 ~p.
(2) Voltage • 8 volta.

(3) Total soln. in the cell • 1•.56 litres.

(4) Amount of dichromate added • 2.5 gm/L.

(5) Initial temperature • 22.5°0

(6) pH • 9.15

, , , ,
Time : Volume 1 Volume of Concentration , : Space time, Current
of : of : Na2s203 soln. ( m.equiv/L.) I efficiency I yield.,elec~rl elec~rl ('0892NJ ' (%) I (kgb-1 m-3)ol;r8~s, olyt:L.c'require for I
(m:L.n)I soln. I L)cl-

,,
001- ! , ! Del- ,;analysedl 001- ! CIO} 01°3 ' 010- , 010-1 eml) , : ~ ' 3, , , ,

20 10 6.35 1.00 56.69 8.92 59.27 9.33 42;,;69 3:63
40 10 12.65 2.15 112.94 19.19 59.04 10.°3 42.52 3~90
60 10 18.75 3.60 167.40 32.1lj. 58•.34 11.20 42.0'1 4~36
80 10 21.4-0 5.90 191.06 52.67 -49.94 13.76 35.96 5.35

100 10 23.15 9.00 206.68 80.35 43 •.l2 16.80 31•12 6.54
140 10 26.95 19.10 2-40.61 170.52 35.93 25.46 25.88 9.91
180 10 26.10 37.30 233.01 333.01 27.07 38.68 19.49 15.06
220 10 23.85 53.80 212.93 480.33 20.23 45.65 14.57 17.77



8'
SPACE TIME YIELD OF

750 Am-2(SMATJiBR BOX).

•• 12 amp.

PRODUCTION,CURRENT EFFICIENCY AND
HYPOCHLORITE AND CHLORATE AT C.D.

TABLE 21.

(1)

(2)

(3)
(4)
(5)

Total current

Voltage

Total soln. in the cell

Initial temperature

pH

•

•

•
•

8 volta.

1.6 litrea.

, I
Time ,Volume: Volumeof : Concentration
of 'of 'Na-.30 ' .
electr4 electro{ ~ 2 3 : (m.equn/L)
1 . '01 t" ,('08403N)soln.:o :rS~8, y ~c , required f r '
(mw) : 8olD.' 0 i

:analyse~ 001- : 010- OC1-
ICml) i ; 3

Current
efficiency

( % )

!001- I -, , 010,
, I _

,
: Space time
: yield.
k kgh-1 m-3),,
I! OCr f 010'3

26.90 32.35 226.01 271.81

25.85 10.70 217.19

28.20 15.10 236.96

28.90 19.10 242.81

"28.00 25.95 235.25

3.33

3.85

4~44
5.87
7.5°
8.82

9.57
11.37

39.91

~.29
35• .37

33.55

30.50
26.79

22.71

11.41

15.09
19.28

22.67

24.58

29.22

55.86

55.41

5.3.15

49.10

46.58
42 • .34

37.19

31.53

7.98
18.48

31.92

56.29

89.90
121.87

160.48

218.04

0.95 52.09

2.20 103.34

3.80 148.71

6.70 183.16

6.20
12.3°

17.70
21.80

10

10

10

10
10

10

10

10
10

20
40

60
80
100
120

140

160
180



TABLE 22.

84

l'ROUUC'L'lOll ,CUH,::SUT E,"FICllirrcy AIm srACE TINE YD>LlJ OF

HYFOCHLORI'I'J;; .UiV C1ILORA'1'E AT C.V. 625 .u-2 USllfG 0.5:1

DODlUM CIILOnI1.J::: DOLUTlOll (SI1A,LLER BOX).

(1) Total current • 10 ~p •
'.

(2) "voltage • 7 volts •

(3) Total solution m Che cell • 1.80 litres.

(4) lIlitial temperature • 33°0

(5) pH • '0.10

, , , ''l'i:nc of : VoluInc of : Volume of , Conccntratlon : Current Space time
electro-: olectro- \ Na2L20" (O.O'jON): (lII.equivjL) : eflicicncy yield.
lyGiG : lytic soIn.: ~ :> , • (lq!;h_1 m- 3)( .) , 1 d ,~oln. • , ( % )
l~un , LUlayse I 0'1uircd

, ,
for • ,

1 (ml) I r _ -r _ I , I _, _ _ , .
I ' 001 I CIO ' OCI ' 010- : OCI : CI03 : Del ! CI03' '3 I I 3I : 1

, , ,, , , , • •

20 10 4.45 0.70 40.01. 6.30 57.96 9.11 34.79 2.95
4D 10 3.60 1.5° 77.38 13.5° 56.00 9.77 33.62 3.16
60 10 12.20 2.50 109.77 22.5° 52.96 10.85 31.79 3.52
00 10 15.00 -'.'15 134.97 33.75 48.84 12.21 29.32 3.96

100 10 17.00 5.60 152.96 5°.40 44.28 14.59 26.58 4.73

120 10 18.3-0 7.')5 161~.66 71.55 39.72 17.26 23.85 5.59

140 10 18.80 10.80 169.16 ')7.20 34.98 20.10 21.00 6.52

180 10 17.10 18.5° 153.86 1G6.51 24.74 26.77 11,.85 8.68
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TABLE 23. PRODUCTION,CUP~NT EFFICIENOY AND SPACE TIME YIELD OF
HYPOCHLORITE MEl CIlLORfl.TE.AT C. D. 625 1UrL_2 (LARGER BOX).

(1) Total current •

(2) Voltabe ••

(3) Total solution in the colI =
(4) Total number of cells =

(5) Initial tomperature E

(6) pH '"

5 amp.

5.5 volts.
7.00 litres.

4

23°0

9.10

---------,-------,--------,-------------
Time of : Volume of : Volume of : Concentration : Current Space time
elec~r- J Na2S203 [ Na2::i203 : (m. equivIL). J efficiency yield.
01:'(1315 :(O.0865N) : (O.0865N) : : (%) (kgh-1 m-3)
(mln) : soln. : .'JoIn.: I

: required : reguired for I
: for : 001 : 010- 001-: 010- !OCl- : 010-
: I i 3 : 3: : 3

~.1.51 6.04 77.90 11.36 23•.38 1.84

47.35 8.64 76.16 13.91 22.86 2.25

5~.54 11.01 73.94 15.52 22.20 2.51

57.51 14.1,7 71.95 18.12 21.60 2.94

60.76 18.57 68.40 20.93

1.18

1.38

1.44

1.57

1.65

24.11

23.87

23.93

23.82

24.1180.33 7.30
80.33 8.52
79.52 8.92
79.72 9.73
79.36 10.22

0.64

1.51

2.37

3.J~5

4.53

7.13

14.27

21.19

28.32

1.65 0,15

3.30 0.35
4.90 0.55

6.55 0.80

8.15 1.05

9.60 1,ItO

10.95 2.UO
12.15 2.55
13.30 3.35
14.05 4.30

20
20
20
20
20

20

20
20

20
20

20
4D

50

80
100

120

140

160

180

200

220
250

20
20

64./,) 2).33 65.95 23.90 19.79 3.87

65.08 33.70 56.3629.21 16.92 1••73



TABLE 24. PRODUCTION,CURRENT E.&'FICII:~CY AND SPACE TIME YIELD
o

OF HY1'OOHLORlTE AND CllLORATE AT G.D. 687.5 Am- •..•

86

(1) Total current • 11 ~p •

(2) Voltage • 7.5 volts •
(3) Total .'loIn. in the cell • 7.5 litres •
(4) Initial temperature • 320e
(5) pH • 9.04-

, ,
TilDe , Volume : Volumeof Concentration Current Space time,
of , of i Na2SZ03 (m.equiv/L) efficiency, yield.eloctr-( electr-1 t" :(O.0854N) ( % ) _1 _"
olysis , o y ~c : soln• (kgh III /)

(min) , .'loIn. , required,, analysed 1 for,, (ml) I I !OGl- , - , I ,,, iOCl- iCI0, J CI03 : 001- : 0103 ! 001 ' CIO-, , 3, , ,
20 20 3.10 0.40 13.23 1.70 72.58 9.36 4-7.93 3.34

40 20 6.15 0.85 26.25 3.62 71.99 9.95 47.54 3.55
60 20 9.30 1.30 39.71 5.55 72.57 10.14- 47.93 3.62
80 20 12.3° 1.7° 52.51 7.47 71.99 10.24- 47.54 3.55
100 20 15.35 2.25 65.54 9.60 71.8810.53 47.% 3.75
120 20 17.60 ,.15 75.1513.44 68.67 12.29 45.35 4.38
140 20 19.45 11-.10 83.04 17.50 65.°513.71 42.96 4.89

160 20 21.35 5.20 91.16 22.20 62.47 15.21 41.25 5.4-3

180 20 23.05 6.40 98.4-2 27.32 59.95 16.64- 39.59 5.94-

200 20 24.35 7.80 103.9733.30 57.00 18.26 37.64- 6.51

220 20 24-.80 9.10 105.89 38.85 52.77 19.36 34.85 6.91

260 20 2~.90 12.25 102.05 52.30 43.03 22.61 28.4-2 7.87
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