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ABSTRACT

Hypochlorite is employed as a disinfectant, powarful oxidizing
agent and deodorant in dairies, creameries., water supplies, sewage
disposal and for house hold purpeoses. It is not anly strongar
oxid1z1ng agent than <hloring but s much more reactive and can
bleach more rapidly at room temperature. Hypochlorite has drawn our
attention becuause of 1ts wide apéiication and can be poroduced from
sodium chloride which is eastly avairiabis in Bangladesh.

An electrochemical cell system was devised using graghite
anade and stainless stesl cathode for the production of
hypochlorite by the elecorolysis of sodium chloride saluticn. The
experiments werg parformed narmally with 4.04 seodium chlaoride
solutlon and 10 scme casss potassium dichromate was added to
increase the hypochlorite production, The oparating current density
Wwas varied from 187.5 Am® to 780 am™* and pH between 6 ta 10 at raom
tamoerature.

The performanca of this cell for hyvpechlorite production was
assessed In terms of ourrent efficiency, power consumpticn and
space Lime yield. The maximum current efficiency obtained 1n this
investigation was 39¢.70% at current denstby 625 am?. The minimum
powar consumgtion was found to maEﬂQE;EE.PWhrfton for hypochlorite
opraduction and space time yield was also satisfactory in thi1s casa.

A& comparison has basen made with the studies of othar workers and

the present cell was found satizfactaory.
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7171 GENERAL INTRODUCTION

Hypochlorite is a very important disinfectant and is
used es a poworful oxidizing agent. It plays a very important
role in the field of paper and pulp industries jute,cotton and
leather industries as bleaching agent, It is used for sterili-
zation of water in both drinking and ewimming pools. It is a
vary useful oxidizing agent for converting Gr3+ to chromate,

Pb splt to PbDE’areenitee to arsenatee etec., Hypochlorite is

not muly a stronger oxidizing sgent than chlorine but is much
more reactive and cam bleach more rapidly at room temperaturs,.
Alongwith othar induetries,Paper and pulp,cotton and leather
industriea are considered as the maJor industries in Dangladesh.
To develop a methed for the producticn of hypochlorite which is
a vory essential chemical substance used in the above mentioned

industries is of worth investigntion,

Hypochlorite haeg drawn our attenotion beceuse of its
wide application and can bte produced from sodium chloride whieh

ie ensily evailable in Bangladesh.

Hypochlorite ion is formed by the donation cof a pair of

alectrons by chloride iom to oxygen atom.

- _ _
X & = (0120 ) —— 010

=]

"
A

T
MEax

o

The hypochlorite can be produced by using different

methods,e.g. Sodium hypochlorite 1s obtained in solution by



paseing chlorine into a cold,dilute solution of acdium hydr-

oxide or godium carbonate.

2NalH + GlE a NaCl + NeOZll «+ HED

HEECD + 012 = NaCl + NaOCl +:GD2

3

A solution of bypochlorite is produced by electrolysing
a ¢cold solution of sodium chloride., The mixing of the chlorine
and cAustic soda first formed snd then react to form hypochlo-

rite.

In Bangladesgh,Chittegong Chemical Complex produces chlor—
ine end godium hydroxide by the alactrolysia of sodium chloride
but proper ettaenticon is not paid to the production of bhypochlo-
rite. The plaent only producea A mixture of & solution of sodium
and caleium hypochlorite by passing directly chlorine to the sol-
uticn of caleium mnd sodivm hydroxide,a limited amount of it is
guprlied in the market as hypochlorite. No mention is made about
the concentraticn of hypochlorite. Thege are mainly used in big

hotels of Bangledash and are not available in local market,

A good number of regearohers have studiad on the elactrc;-
¥oia of sodium chloride solution but not much attention have baen
paid to the hypochlorite production by this method. Tha commercial
use of electrochemical methods for producing hypochlorite and chlo-
rate from chloride probably antidatai by e few years,the first suc-~

cessful commercial elactrochemical pfﬁducticn of alkali and chlorine.



In these early cells, the production ecfficiency was low and
production was only economical whers alectrical onergy was
quite cheap,inasmuch as the simplo addition of chromate to
prevent cathodic reductiom of hypochlorite and chlorate had

not yet been discovered.

Originally,platinum wes used as an ancde material,cells
being operated at high temperaturoa and higlh anode current den-
Bities to maintain meximum current allficiencies with & minimum
invastment in platinum, Modern cells employ graphite or in a
few cases magnetite anode. With platinum anode, the cell cen
be operated at high temperature., With graphite anodes low cell
temperatures are maintanined to prevent anode dissolution., All

installations in the United 3tates now employ graphite anodes.

Among the publiehed investigaticns on electrochemical
production of hypochlorite and chlorate, the comprehensive work
of F. Fcersterq is of the paramcount importance esven after 35 to

40 years. The literature of the commorcial processes have been

puhlished for Fennsylvania 3alt Company by Anon? and the Weate

arn Electrochemicnl Company by Hchumacher?

Studies on carbon or graphite anodes have been made by

4 . . i . .
Sproesser |, Linari and Platra5 and a series of papere published

6,7

by the Burea of Agriculture '‘, Landolt et ala have investigated

the mechanism of hypochlorite ani chlornte foraation in an- elect-

rolytic cell. The reactions that toock place in the cell were

Il
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according to Ft:u:nr.e:‘m:rr‘1 and Huallar9 formulation, M.S3. Alqu

studies the same system ugipg thin film bipolar rod cell,

In the present investigation,an ettempt huas heen made
on tha production of hypochlorite by the electrolysis of
sodium c¢hloride using simpler elegtrolytic cell., Graphite has
boen used es anocde end steinless steel ae cathode. During ele-
ctrolysis,chlorine wes evolved at the anode and hydrogen at
the cathode, Chlorine and hydroxyl(OH ) produced in the cell
reacted in the bulk to form hypochlorite., The amount of hypo-

chlorite produced was determined iodometrically.

The objeetive of this project was to develop an electro-
chemical method for the optimum production of hypoebhlorite. The
pover consumption,current efficiency and space time yield ware

aleo etudied.

1.2 PBASIC PRINCIPIE FCR THE FRODUCTION OF HYPCCIILORITE

N.IBL axd D, Landolt® heve dsecribed the theory of elect-
rolyais of godium chloride in detail., Hypochlorite is manufact-
ured industrially by the electrolysis of neutral sodium chloride
solution. The main reactions taking place in e hypochlorite cell

L and Hﬁhllerg. The primary product

wore formulated by Foerster
of electrodes reectioma,chlorine and alkeli,reasct in the bulk

of the electrolyte to form hypochlorite.



According to Fuerster1 and Huellarg, the renctions taking

place in the coll are as [ollows :
At the anode; 201 ———————m Cl, + 20 + & - + (1.7)
At the cathodej ZH 0 + de ——3= H, + 200 . . .{1.2)
Bolution ; Cl, + H,0 ——= HOOL + C1” + II'..(1.3)

- +
HOCL ———== 0C1” + I" . . . (1.4)

Chlorine forming at tho aoode and the hydroxyl ions
forming at the cathode react wlth each other accordlng to the

Iollowing reacticons.

In a neutral medium,
Cl, + HoO ——————2» HOC1 + cIm +E. ... ... {1.5)

In an alkaline medium,

GlE + D}I- —'_b""DGl- + Cl_ + H+ B *F a4 & = B = (‘1-6}

1.5 LO5S8 OF CURRENT EFFICIENCY DUﬁ TO SIDE REACTIONS AT

THE ANCDE,

Ip practice 100% current efficiency.is not really posaible
gince losaes occur due to side reactione at the ancde and cathode,
At the encde, the most important undesirable electrode reaction
18 tha oxidation of hypochlorite or its aeid to chlorate, Instead
of reacting chemically in the solution the hypochlorite ion diffyu-

seg back to the encode and is oxidiased there. The reactiom have



been formulated by Foerster es i

6 0C1™ + BH,0 —3 2 C10; + 4C17 + 6l + 3/20,+ 62 .. (1.7)

or 6 HOCl + 3H,0 ——3 20105+ 4017 4 124" + 3/20,+68 ..(1.8)

According to reaction(1.?) end(1.8)% Foerster bases his equ-
ation on the hypothasis that hypochlorite is oxidised to chlorine

monoxida,

E Glo- _'_a 6 GlD + & - L] L J * L J " L J LI ] u L] & & - (‘1 -9)

The chlorine monoxide so formed on the electrode reacts with

watar to form chlorete and oxygen.

6 010 + 3H,0 ——32 C10; + 4 CL” + BH™ + 3/2 05 . .(1.10)

Some times per-chlorate may be formed from chlorate,

€105 + Ey0 ————3» (L0 + ZHY + 28, v i v e e e . (11

Reaction (1.11) occurs only at very high potential, For
example it occurs at magnetite apnodea ,which have a high over volt-

age and is negligible at grephite anodes.

Foerater atated that in a mildly alkealine solution & third

reaction " The so called primary chlcorate formation " ogcurs,

cm‘+20—--—--—-.-c1c}5 e e e e e e e . (1412,

This would reprezent a direct oxidation of hypochlorite by ebsorbed

OXFEOD .

In industry it 1s impossible practically to suppress

completely the anodic oxidation of hypochlorite to chlorate.



Smaller current efficiency is lost if some of the current is

used to discharge hydroxyl ione :

DH- e H+ +* }i DE + EB « & a4 & = = ®E = ¥ w » {J‘I'J]ﬁ)

Daocmposition of hypochlerite in tha electrolyte may be

formed in the following 'aira,jv"l’1I

EHGJ.D —-'q" EHGJ. + DE - % % * B B ¥ & # 2= B ® » ('1.'1"-)

The consumption of hypochlorite due to chemical formation
I

of chlerate according to the following remcticns (1.15) and (1.716)
can bs suppressed either by electrolyzsie at a very low temperature
(0°C) or at high pH { > 9 ).

2HC1O + 00l ————— S~ cmg #2017 + 207, ... . W(1.75)

HC10 + 20107 ————3 Q10; + 2C17 + HY . . . . .« . . {1.16)

A

1.4 LOSB OF CURRENT EFFICIENCY DUE T0 THE SIDE RIACTICNS
AT THE CATHOLE

The cathodic (or reduction efficiency) losses oceur on the

cathode eurface and mre dus to

(1} Reduction of hypochlorite

ch.- + HED + EE- _'_'-* cl- + EDH:- = & & & B » w * = (1.1?:]

(2) Reduction-of chlorate !

ch; + 3HED + Eﬂh E Gl-. +I EDE- + - [] - - - L - }(‘1-‘1B>



In accordance with the well known chemical propertiss of
these iona hypochlorite is much more essily reduced than

ehiorate,

The cathodic losses were studied by Nagni and Tukeij2

Thelr results indicated that thease losses ware governed by

diffusion of hypochlorite towards the chthode surface,

Nagai. T and Takei. T'° also found that during the
eleotrolytic produetion of ehlorate with chromium plated
cathode cathodic reaotion toock place at first but decreasod
after a certein time., This effect war due to the formatiom
of a thin leyer containing chromium at the cathode aurface,
which affected the rate of diffusion of hypochlorite,

1f the hypochlorite iom diffuses to the cathode, it
is reduced to chloride, This can be avoided by sdding some
dichromate to the electrolyte provided the latter is weakly
Bcidle,meutral or alkalina. Dichrosnate is added to the alect-
Tolyte to suppresa reduction of hypochlorite at the cathode,
The action of the chromate is explained by the formetion of
a thin film of chromium oxide on the cathode surface which

reduces the reduction of hypochlorite.



1.5 INFLOENCE OF IMFURITIES IN THE ELECTROLYIE

For the industrial production of hypochlorite sodium
shloride are generally used, Sodium chloride may contain cal-
sium or magnessium as impurities. The impurities such as cal-
cium or magnessium (&5 low mE 5 mg c& per litre) can deposit
on thé cathode. This cen be minimized by the additien of com-
plex forming reagent or by the addition of a "aleaning " cell
working infront of the cell at a high current denasity. The baast

solution appears to be the occasional washing of the eall.

1.6 ELREJTRODES MATERIALS

14

Good-ridge and Eing suggeeted the following desirable

properties for a prospective electrode materials for synthesia.

(a) It should be a good conductor.

(b} Tt should nmot suffer chemical or electrochemical
attack,
{c) Phe surface should be an effective catalyst for

the remction in gquestion when pogsihle.

{(d) It should usually be of rigid construction.

Since mnodes often suffer from conaiderable corrosion
prohlema it is convenient to congider anode and cathode moter-

ials separately.



146, ANCDE MATERIATLS

10

Pink mand Pan15 snuncinted six basiec regquirements

that should be satisfied by anode materials for hypochlorite

The anode materials should reaist oxidation

by puch subatances as aodlum chlo-

ride hypochloric mcid hypochlorous acid hypo-

chlorite chlorate,chlorine gas and oxygen.

The ancde materials must be a good conductor.

materials muat not buve & high initial

materiala should be mechanically

materiels should have & low aslactrode

or low chlorine over-voltaga.

materials even when going into solution

due to corrogion must not contaminate or nffect

tha cell product or products,

production,
(a}
or attack
(b)
{e) The anode
cogt,
(d) The anode
Stﬂr‘ng.
(e} The ancda
potential
(f} The amode
1.6.2 GRATHITE ANOLE

The commercial introduction of grephite ancdo to the

electrochamicel field contributed in a large moasure to the

rapid and successful developmont of the alkali-chlorine industry.
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Most of tho basic requirements for anode moterials are met

by graphitaq5.

The chemical attack of graphite ancde may be considered
dugs Yo the presence of available chlorine hypochlorous acid,
hypochlorite ,chlorate and evolution of mnecdic oxygen during
brine electrolysis. The availeble chlorine in the cell under
ateady condition is govarned by thé current density,temperat-
ure ,degree of conversion of hypochlﬂfita to chlorate end also
on the other factor such aA concentration of chloride and elec-

trolyte pH.

For a particular available chlorine content of the brine,
as the current density end chloride concentration increasas and
temperature of the cell decreases, the concentration polariention
of the hypochlorite ion discbarge will decrsase aod graphite con-
sugption will be reduced. The mnode current losses are considared
ag a direct functien of chemical attack and corresponding graphite

WOAT .

The formation of chlorine dioxide during electrolysis of
sodium chloride solution with grephite anode was observed by
Western and Honglanﬂﬁ. During electrolysis of sodium chloride
with graphite anodes, hypochlorite, chlorate, chlorine and

i

chlorine dioxide may be formed, the chemical oxidation of gra-

phite with these compounds may proceed as follows :

C + 2 HOIO——————3=CO5 + 2H + 2017 . . & + . . . (1.19)
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G + chE } GDE + ﬁ GlE - [ ] » [ ] [ ] - [ ] (1.20)

30 + 20103 __'-'-'&' 5‘002 + 201- - - » - - L] ] (112‘1>

3¢ + 2 0705 + 16H  —= 300, + 4Cr°% + BHD . . .(1.22)

7

According to Eheril,Elinaq?, thege reections are thermo-
dynamicelly quite possible, chromate acting internally as well
as externally to wear away the graphite electrode and for this

reason its concentration should be minimised.

E!.En:uau_'l‘IE suggested graphite ancde covered with an sleotro-
chemically deposited leed dioxide layer, which would minimise

anode attack. dampath and other519

investigated the electrolysis
product of sodium chloride in 200 empere cell using lead dioxide
coated graphite annodes and stainless steel cathodes, The cell
Wwas run continuously With a view to evaluting the life of these
anodas, It wae found that the matérials gives excollent gervice,
remaining unaffected after 24 mnnthalor continuoug ruaning, In

the case of hypochlorite production, the low cell tamperature is

reaquired hence graphite ancde is very important in this condition,

1.6.3 PLATINUM ANODES

4]
Eatzen and Sokalov2 electrolysed sodium chloride solu-
tion uelng platinum &ncde and obtain current efficiency of(gp-92)%.
The problem is that the cells are operated at high tamperaturﬁe1

where hypochlorites are oxidiged teo chiorate. For the wmaximum
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production of bhypochlorite,low cell temperature iz required
and graphite anode is very effective. The usge of platinum as

en electrode materisl is economically not viable,

1.0.4 MAGNET ITE ANOUES

The magnetite ancdesm used in the commercial cells are
made of hamatite,the inner aurface being coated with a layer of
elactro depoeited copper. Magnetite anodss have low conduoti-
vity. The elecbrical voltage of the cells and consequent’ consum-
ption of energy are high. Cells provided with megnatita alectro-
des cen be operated with a good current efficiency of about 83-
86% only,and chlorate concentratiocna of meximum of 280-30C pgm
HaﬂlD} per litre cen be obteined., When higher cencentration are
uaed the current yielda fall rapidly. In acid electrolytee, unde-
sirable formation of per-chlorate take place. When magnetite
electrodes are used, the heat developed ia high. In order to
meintain the cella at the favoureble cperating temperature of
?DGG, large quantities of cooling wanter ere required., The high
temperature favoura the formation of chlorate from hypochlorite.
The disadvantages of low conductivity and tendenoy to perchlorate
formation are avoided when graphites ancdes are used in stead of

megnetite anocde.

in Japen,magnetite anodee were usad in a chlorate

plant in 1934 at Shivakawa bocause of the limited aveilability
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of graphite ,63% of the annual chlorate production of the

plant described is derived from mognetite anode cell.

¥1-Hat5ﬁhur822 employed the laboratory date to opltimise
the cell operating conditions of the coamercinl cell, Optioum
pH was 6.75,current efficiency increased with increessing temp—
erature, An improvement im ventilseting conditions was also
effactive. As a result, a curront efficiency of 83-85% and
electric power consumption of 5900-6300 kWh/Ton of NaG103
wera obteined. Magnetita anode colls permit high temperature
operatien that accelerate the chemicsl chlorate [ormation,

The magnatite anodes are no longer in usae because of high over

veltaga.

1.6.5 GRAPHITE SUBSTRATE LEAD DIOXIDE ANCLE

Eauerqa

guggestad graphite anodes electrochemically
deposited with lead dioxids layer in which ancde sttack would
be minimised if lead dioxide electrodan could be subatituted
for platinum in the production of perchlorates. The preparation
of electrodes suitable lfor use in commercinl cells hove been

developed by Udupa et alaﬁ. The eleotrodes have the following

advantages over the electrodes developed in Japan by Sugino and
2i

dhibasaki and Suginok25.

(1) 4 thin coating of lead dioxide op graphite or

carbon is odegquate for the use of electrode,



15

{ii) The graphite or carbon is completely protacted
against anodie attack.
(1id) Elecetrical contact con boe made conveniently on
lead dioxide surfaca,
(iv) Freparation of such electrodes for large acale
operation does not present undue difficulty.
The use of lead dioxide anode is not restricted to the
productien of perchlorate alunaEE,it can he succensfully
used for the preparation of chlorate also. A comparison of
the performance of a lead dioxide coaled graphite anode and
that of & conventional graphite mnode under identical condi-
tiona of operation in a chlorata cell was made by Udupa et
312?. Udupa et al did an experiment for the preparation of
gdodium hypochlorite and chlorate emﬁloying 200 amp. cell with

lead dioxide coated ancde and stainless Bteel ecathode. The

cell was run continuously to evaluate the life of the nnodes.

Isad dioxide coatad graphite anodes have the advantage
of a longer life over the conventional graphite aonodas end
can conveniently replace tha graphite anndea lesding to subat-
ential sevinge in initial as well as recurring coasta. A current
efficiency of 7Y5-80 percent can be obtained by using lead dioxide
encdea. Problems with leed dioxide coating on graphite epodes
appeared to be made with adhesive and howogeneous lead dioxide
layers. Until now ¢ylindrical ancde,k have been produced which

are not useful for large scale,
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1.6.6 TITANIUM ANCDE

Titanium is maileable and ductila metal resembling
iron compounds are fairly widely distributed in nature, but
the mebal ia difficult to extract. Titanium anodee activated
with other metals have yielded interesting resulte, both with
reepect of electrode life as well as energy usage, Titanium
anodes had been activated with platinum-Iridium in the ratio
of 70:30 could at EDGG,Hith an anodie eurrent demgity 3300 An~¢
and an average cell voltage of 3,5V was run for 27 months before
the aotivation decreased the effectivenese in a krebs type 6 kilo
ampere chlorate cell, At that point 20% of the originsl pt-Ir
layer waa s5till present. Flackga showad that deactivation effect

occured using Titanium anodes activated with Ruthsnium dioxide

after 12 months,

1.7 CATHODES

Cethodic losses have boen studisd by Nagai and Tak5112

The main problem in finding a sultable cathode materiml liss in
the minimisation of reduction lossos of hypochlorite, Shteel cath—
odes are effectively protevted [rom corrosion &t current deneity

&

lerger than 300 Am™", This is importent since iron ions cataly-

tically decompose hypochlorite and chlorate ions,

Nogai, T and Takei, T2 also found that during electr

olytic production with a chromium plated cathode, cathedic redu-
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cticon took place at first but decreased mfter certain tima.

This was due to the formation of a thinm layer containing chro—
mium at the cathode szurface,which affected the rate of diffusion
of hypochlorite. By using a cathode of chromium or chromium pla-
tad stainless steel ,cathodic reduction of hypochlorite icn can

be officiently suppressed without adding diehromate. The action
of chromium plated cathodes in proventing reduction geems to be
due to the chromium being superficinlly oxidised by hypochlorites

29. This explenticn is in accordance

and then toc a lower oxide
with Liebreich’® and wielder Holt>', Presumably the action of bhis
chromium oxide layer ie similiar to that produced from diehromate
in the elesectrolyte. It appears that a chromium-plated eleetrede
develops an active surface and a matt chromium surface is wore
active than & bright one for reduction. A metal such rs ehromium
and Molybdenum on the cathode surface of graphite electrodes dac—

rease the required cell voltage and power consumption as found

by Jaksic et al’®,

1.8 CURRENT EFFICIENCY

The current efliciency of hypochlorite moy be definad
a8 the ratio of tha actual amount of hypochlorite produced to
that expected theoretically bdbased on the quantity of current

paaged,



Do =

Qurraent

whare,

1.9
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efficiency (C.2Z) of hypochlorits

Actual amount of hypochlorite produced
x1C0
Theeoretical mmount of hypochlorite to be produced

baged on the quantity of current passeed,

W
> GLPT=-))
Z-I-t
w,F a
quD'iliiivcroiiit-(r‘QEq' ZI—'—
I. t. e F

W » Actual amount of hypochln;ite produced in gmsa,
¥ = Feraday's constant.

Z = Electrochemieal squivalent of hypochlorite,

I = Actual current passed in agp.

& = PEquivalent weight of hkypochlorite.

t = The time required for electrolysis in second.

SPACE TIME YTELD

The space time yield of hypochlorite nuy be defined

a8 the amount of hypochlorite produced per hour per cubic meter

of the cell,

Space time yield ( Yop Je

Amount of hypochlorite preduced 1
kgh™ W™’
(Time of electrolysis) x (volume of the celll,
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1,10 POWER CONSITTPTION

The amount of hypochlorite produged in kg or in ton

per kilowatt-hour (kWwhr) is called the power consumpbion of

hypochlorite.

Power consumption =

kwhr,
kg of bypochlorite

Voltage x Ampére x Time (min)

kWhr/kg

1000 x —A— ¥ 80

1000
V..t (min)

kWhr/kg,
g x 60
V.A.b ( min ) x 1000
kWwhr/Ton

g x 60

Wohere, ¥V Voltage

A = Ampere

T = Time in minutse

g = Production of hypochlorite in gm.

during electrolysis.
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EXPERIMENTALS

247 INTRODUCT ION

L

A number of-exparimenta wore performed in a novel call
for the production of hypochlorite and also chlorete &s secondary -
product. A noew cell system was developod for this purpose to get
a ¢ell of simple geometric shape,sase of dosign mnd can be easily
constructed, Graphite anodes and stainless steel cathodes have

been used which mre chesp and easily available material,.

In the present investigation, it was aimed to study the
optimum production of hypochlorite,power consumption snd apace
time yield. To obtain larger amount of hypochlorite (amount of
echlorate was kept et minimum) different variables have besn atu-
died for thia purpose, The varlablee studies were current density,
temperature, pH, concentration,cell number and with or without ths

8ddition of dishromate to ths electrolyts,

Moat of the experiments were carried out with 4,0M
NaCl soluticn. Current density was veried between 187.5 to

2

750 Am™° and pH between 6 to 10 At room temporature.

Low temparature favours ths hypochlorite formation but
due to the non-availahle cooling system in the laboratory,the
exporiments were carried out At room temperaturd. Somé exporimente
were performed by adding dichromate te the eloctrolyta to suppréaz
the roeduction of hjpﬂdhlﬂritﬁ at the cathode.
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2.2 CELL TPESIGH

The process of alkali chloride elactrolysis ias wery
senagitive to cell design that has besn recognised éram its
early atages and various types of ecells ars available 22,34
35,36 .. However, the nature of the ¢ell depend on the end
product required, In hypochlorite pfoductian_ it is reqoomnm-
ended that the electrolytic equipment should not be mads ;I
matal as the latter would take part in tha reduction of the
hypochlorite causing efficiency lossea, Dimensionally stable
anodes such as P%,Ti/Ti0, are preferable but high cost pre-
vents its use. In the present atudy graphite has been chossen
as osnode because at low temperature of e¢peration it doea not
errode, The outer frame of the cell body should be made of
inert material such @s pyrox glass and perapex. In the design
of the new cell these factor have been taken into comsideraticn.

The deas¢ription of tho ecell is given in the next section.

2.5 LDESCRTIPTION -QF TIE CYLL

The design of the cell for the present investigation
¥ap developed ta obtain maximum eurrent efficienciss and opt—
imum production of hypochlorite by tbe electrolysis of sodium
chleride. The cell aystem consisted of perspex box in whieh

ancde ond cathode were placed, Twd boxes of differont dizea
were used tg study the offoot of amount of eledtiviytes ob tlig

hypochlorite production, Tho bokes meamsuring (33 em x 23 el x

19 cm) and (26 cm x B ca x 14 cm) were used, .
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Mhe slectrolytic cells consisted of graphite anddes and stain-
lesa steol cathodes which were rectangular in shape and placed
virtically in the perspex box., The number of the ¢ells in the

perspex box were B (elght). In each ¢ell & graphite anode and

a stainless asteel cathode weie placed vertically at a dietance
of 10 mm and one e¢ell was kept epart from another by a distance
of 15 mm, The graphite anoda measuring (5 cm x 4 em x 0,635 cm )
and cathode measuring (5 em x 4 em x 0,317 cm) were used. The

etainless steel wire was used to keep the elsctrods in position.

The anodes of all ths caells were connectsd in series by
& conducting wire %o the positive pole and all the cathodes to
the negatlive pecle of the powsr supply via an ammeter and a
voltmeter in the circuit as shown in figure 2.2 and 2.3. The
canplete view of the expsrimental setup ie shown in figure 2.4,

Figure 2.1 shows tha dimension of anods and cathode.,

The experimental box for electrolysis consisted of two
atop cocks D1 and DE of which D1 wag the inlet through which
electrolyte was introduced in to the experimental box and D,
outlet was used to collect the mlectrolytie sample for analy=

gia.
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2a4 INSTRUMENTATION AND MATERIALS
INSTRUMENTATION
(1) A menually controlled power supply having an out put

O0=15 Amperes and G-3%0 volts.

(2) An gmmeter ranging from 0-15 Amperos and a voltmetsr
ranging O~30 volts,

(M A pH meter,

Corning Medical and Seientific Halsteed,Essex CO92DY,

England,
(&) Graphite encda and stainless steel cathode,
(5} Two experimentel persgpex boxes of difforeont eize in

which slectrolysis were performed,

(6) A stop watch,.

() Aspirator bottlea(1C 1it,5 1it,snd 2§ litres capacity).
MATERIALS

(1) Hydrochloric aeidfcone.) o . « . . . . -(BDH)

{(2) Sulphurie acid(comc.) e + « « + » . « (BDH)

(3 Potaasium dichromate . . . ., . . . . .(E.Merck).
(&) Sodiuvm chlerida . + &« « 4 v v & o + . « (E.Merck),
(2) Sodium chloride o+ 4 4 o & 4 o & + « & «(Locald,
(6  FPotassium Todide . o & v v « & 2 + o« . (E.Merck),
(7 Sodium bicarbonate . . . 4+ + . . . . . (E.Merck).
(8) Sodivm thiosulphate . . . . . . . . . .(E.Herck).
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(9) Bilver nitrate « « + « +» ¢+ « + =« o+ + .« (EJHerck),
{10 Starch indicator + + « + « & « + + » » (EJMerck),
{11y Potassium chromate , . &« « « « &+ + & « (E.Mereck),

{12) Double distilled water

245 PROCEDURE

The experimental box was fitted with electrodes and
wore comnected to the power supply having an ammeter and a
voltmeter in the cireuit, In most of the experiments &,0M
godium chloride (234 gm/1it) solution were used and in asome
of the experiments potessium dichromate (2.5 gm/lit) had been
added to increase tha bypoehlorite production, The temperat-
urs ard pH of ths elaétrolyte ware rrcorded for every expori-
ment. The electrolytic products were collocted through tho™out-

let at ap intervel of 10 o¢r 20 minutee for analyaia.

The majin products in the aleetrolysis of zodium chloride
weTe hypochlorite and chlorate,these were analysed by iodometrie

titretion.

CALCULATION OF THE AMOUNT OF HYPCCHLORITE FPRODUCED

The amount of hypochlorite produced during electrolysis
were dotermined by iodometrie titratiaﬁuﬁ{ A sample of usually
20 ml wae taken in & conical flagk from the sleetrolytie solu-

tion. 1 ml of N eodium biceibonaté was added and wixéd by go5ile
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shaking, After the addition of 5 ml 10% potassium iodide and
5 ml of 1M sulphurie acid, the flask was covered with a wateh
glass , sheked and allowed to stend for 3-5 minutes in darkness.,
It was then titrated against 0.1¥ sodium thioéulphﬂta using
starch indicator, The volume V4 ©f sodiun thio-sulphate regqu-
ired for titration waa noted at ths end point and was used to

calculate the amount of hypochlorite,

CALCULATICN OF THE AMOUNT OF CHLORATE PRODUCED

The amount of chlorate produced during electrolysis
was determined by icdometrie titration. 20 ml of the electro~
lytic solution was teken in & conical flagk, 5 ml of 10% pot-
Bspium iodide,20 ml of distilled water and 50 ml of comcent-
rated hydrochloric acid were added to it., The flagk was coOv—
éred with & wateh glass,sheked and allowed to stand for about
2 winutes in darkness, The liberated iodine was then titrated
againat C,1N sodium thiosulphate solution uaing etareh solut-
ton as indicator, The volume ?é of godium thiosulphate was
noted at the and point. Now the differencs betwean ?2 and Vﬁ
¥ao the actual wolume of godium thiosuwlphate required For ths

titration and wae usad to determin the amount of chlorate,
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RESULTS AND DISCUSBION

3,1 INTRODUGTION

An electrochemical cell system has been devised using
graphite encde and atainless stee#l caethods for the production
of hypochlorite by the electrolysia of scdium chloride sclution.
The performance of the ecell for hypochlorite production has heen
assesgsed in terma of current efficicncy,powar consumption and

gpace time yield,

The electrolysia of oqueous modiul chloride solution
wes started with 4,0M solution, Precautions were takeh so that
any unreacted chlorine produced during eslectrelysis coild not
escape. The omount of Lypochlorite produced was determined at

a suitable interval,

Experimental dmte and calculated resulte have becn
presented in Appondix and & selected number of experimental
and calculated results are shown in thie chapter. In sach
experiment the change of hypochlorite concentration with time
wea determined, The current effieiancy and space time yield
for both hypochleorite nnd ehlorste were aleo determined, Tha

power consumption wme calculatod only [or hypochlorite.

3.2 EFFECT OF TIME ON CONCENTRATTUN ,CURHENT EFFICIENCY,SPACE
TIME YIELD AND POWER CONSUMPTION OF HYPOCHLORITE @

Hypochlorite wes producod ot diffarent operating current
densities. A set of results at nn operating current density of
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375 Amhg exre shown in table 3.1 and have besn plotted in

figurea 3.7,3.2,3.3% and 3.4,

Pigure 3.1 represents the variation of concentration
of hypochlorite and chlorate with time, It is obﬁurved from
table 3.1 and figure 3,1 that the produetion of hypochlorite
increases with incrense of timo upto certain peried and then
it decresses but the production of chlorate increanses with

time,

The variation of current efficiency of hypochlorite and
chlorate preduction with timé are shown in figure 3.2 whick
indicates that the current efficiency of hypochlorits remaina
almost constant up to cortain period ( about 100 minutes y and

then it decreases but 1n the cese of chlorete the current effi-

ciency loecreasses with time,

Figure 3.3 reprogents the variastion of spave tlms yield
with time. It shows that the space time yield of hypochklorite
decreesee with time but spacé time yield of chiorate goes on
inoreasing. The variation of power consumption of hypochlorite
with time has been plotted in figure *.4 which shows that the

power consumption ipcremses with increase in time,



PRDDUGTIDH;GUHHEHT EFFICIENCY AND SPACE TIME

A2

TARTE 3,1
YIEID OF HYPOCHLORITE AND CHLORATE AT C.D.375 An2,
{1} Total current = © amp.
(2} Voltage = © volta,
(%) Total solution in the ¢ell = 7 litrea.
(4) Initial temperabure - 23%
(5) pH = 7.10
Time 1: Volume i Yolume of ! Concentratlion E Qurrent i Speca time
of ¢! of ! Ha23203 ﬂolni (D.equiv/L) E efficiency i yield.
Seotal Sioeiel omeomy i A o
(min) ! soln, } Toduire for 4 : - :
benale § 0 0 0 0o I -
§¥3§$ E 0Cc1 i €105 i 01 j G103 E 0C1 i G103 E 0cl i G103
20 20 1,95 0,20 8.43  0.86 79.15 B.12 28,58 1,58
40 20 3.90 0,45 16,87 1.9 79,15 9,14 28,50 1.77
60 20 5.90 0,70 25,52 .02 79,77  9.47 28,75 1.84
80 20 7.75 1,00 3,52 4,32 78,64 10,14 28,31 1,97
100 20 9.65 .40 1,74 6.05 78.34% 11.36 28,21, 2,21
120 20 11,50 1,95 49.75 B3 77,80 13,19 28.01. 2,56
140 20 12,85 2,65 55.59 11,46 74,51 15,36 26,83 2,99
160 20 14;25 3,30 61,64 14,27 72,30 16.74 26,04 3,25
180 20 15,60 4.120 67.48 18.17 70.26 18.%4 25.34. 3.68
200 20 16,55 5.20 71,59 22,50 67,18 21.10 24,19 4,10
220 20 A5 6.25 719 27,04 65,28 23,06 22,78 4,48
240 20 17,20 7.45 74,41 32,23 58,18 25,20 20,95 4,90
260 20 17.05 9,05 73,76 38,% 53.26 2B.10 19,17 5,47
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The dacrease of current officilency of hypochloritse
production may be duo to tho exidation of hypochlorite to
chlorate,evolutlon of oxygen at the anode apnd reduction of
hypochlorite at the cathode and chemical conversiom of hypo-
chlorite to ohlorate. The amount of chlorabte production inc-
reafes with ipncrease in time., This may be explained in the
following way :

The hypochlorite iond { or its acid ) formed in the
golution diffuse back to the anoda and is oxidised there ace:

ording to following reactions.

6 0017 + 3H,0 ——sm 2010y + 4017 + 6 B* + 372 O+ 6a,

or

-

6 HC10 + 3H0 ——= 20105 + 4017 + 128" + 3/20,+ Ga,

Chlorine monoxide may elac be formed b& the oxidetion
of hypoohlorita

6 Cl0" =————3m G010 + 64,

Tha chlorine monoxide ao formed on the elegtrode

reaots with water forming chlorate and oxygen.

€010 + 3H,0 _..__;...zcm; + #4017 + 6HY 4+ 3/2 0,

Hammer and 'quTr.eu:glll'i«1.1'1‘I suggosted that bhypochlorita
would be decomposod in the following way :

2 HC1l0=———=» 2 HC1 + DE



Tha consumption of hypochlorite may also occur

according to the followlng reactions :

2 HC1D + 0107 ——» 0103 + 2017 + 2 ut.

HC10 + 2 0107——m- G105 + 2 01 +

Lope of current afficiency way cccur due to tha
reduction of hypochlorite at the cethode gurface in the

following manner :
¢10™ + H,O + 28T ——————m 017 + 2 OH,

The cethodie lesses wers studied by Nagal and
12

, their result indicaté that these losses are

Takei
governed by diffusion of bypoehlorite towards the catho-—

die surfaoe,

The results for operating current dsngity of
625 An™" are shown in teble 3,2 and in figures 3.5,3.6,
3.7 snd 3,8, The resulfs obtaioed in this case follow
the same trend 28 observed in the previous case (C,D.
375 Am'g). In every case, ths experiments ware raepeated

under the seme conditiens to obtain reproducible results.

& number of experiments wire performed vaArying

2 -2

the current density from 187.5 Am ~ to 750 Am™ " in two

perspex boxes of differont sizep at differénty condition,

38



TABLE 3.2

39

PRODUCTION ,CURRENT EFFICIENCY AND SPACE TIME

-2

YIELD OF HYPOCHLORITE AND CHLORATE AT C.D, 625 Am ~,

(1) Totel current

(2) Yoltage

10 amp.
7 volts,

{3} Eg:aiaiflution in = 8,30 litres,
(4) pH = 7.5
(5) Initiel temperature = 22,5%
Time i Volume Eanume of icnncentrationE Current ESpaca time
olot- | o1agtr (2818 1 (et D jereleney g,
rolysig olybic ; > " "* H : H
(mii} g :§§§§'§ rzzzi1321zfr EDcl' ! G107 EDcl" | 6103 E 0c1™ ! Cleg
15ed | i L3 3 1 : 3
20 20 2,45 0,25 11,80 114 74,62 7.61 44,81 2.46
40 20 4,90 0,55 22,36 2.51 74,65 8.38 44,81 2,1
60 20 ?.30 1,00 33,32 4.56 74,13 10,15 44,50 2.29
80 20 9.60 1.40 43.82 5.39 73.12 10,66 43,90 3,46
100 20 11.85 1.80 54,09  8.21 72.21 10,97 43,35 3455
120 20 13.60 2,20 62,08 10,04 &9,06 11.17 41,46 3u62
140 20 12,30 2,75 69.84 12.55 66,59 11.97 39,78 3.88
160 20 16.55 3.40 75.55 15,52 63,03 12,95 37,84 4,20
180 20 18.05 4.15 82,39 18,94 &1.11  14.05 35,68 4,55
200 20 19.05 4,95 86.9%  22.59 58,04 15,08 34,84 4,89
220 20 1945 5.80 88,78 26.47 53.87 16,06 32,34 227
240 20 19,50 7,00 89,01  31.95 49.51 17,71 29,72 5.76
260 20 19.20 8,70 8%7.64 39,71 44,99 20,38 E?.Dﬂ- 6.60
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The produstion of hypochlorite were found to be affected
by tha following wvariablea :

{a) The effect of dichromnte additicn,

(b The effeect of current denaity.

(o) The effect of electrolytio tempereture.

(d)y The effest of pH wvalue,

3.3 THE EFFECT OF DICERCMATE ADDITION

Experiments were run at the same current density
with and without the addition of diehrommte, The results
have been discussed in terms of concentration, power con-
Bumption ,ourrent efficlenoy and space time yield which

are shown ip figure 3.9,3.10,3.11 and 3,12 respeetively.

It has been observed from the figures that the amo—
unt of hypochlorite production,current efficienoy and
space time yleld increase due to additlon of diehramate,
Howesver power consumption 18 alao iass in thig ceee for

hypochlorite production.

During electrolysie thore is a chanee of reduction
of hypochlorite to chloride whioh was usually avoided
by the addition of dichromate., Dichromate forma s laysr
on the cathode gurface and minimizes the diffusion of
hypechlorite for reduction on the coethode hence ilncreases

the amount of hypochlorite production.
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3.4 THE EFFEGT OF CURKENT DENSITY

In figures 3,13,3.14% and 3.15 current elficiency,(maximun}
power consumption (minimum) and space time yield (maxiaum) were

plotted against current density respectively.

it can Lz observed that the current efficiency decreases
with the increase of current density. At hipgh current density the
ecurrent sfficienecy dscreasee although the hypochlorite production
inereases, Sines the current efficiency decreases,the power consu-
mption is also increased. The pruductioh of hypoechlorite goes on
inereasing with the increase of curront density. Se the space time

yield is also inerensed.

The loss of current efficiency may be attributed to the fact
that at high current demsity the rate of electrochemical oxidebion
of hypochlorite to chlorate increases, The loss of cfficiency may
alsa be due to the escape of some amgunt of chlorine gases which
are produced in larpge amount at high current density without being
utilized for hypochlorite production. But at low current density”
the produced chlorine gases are mostly utilized for the production

of hypochlorite.

3a5 THe EFFECT OF TEMPERATURS

Tn an glectrocherical cell lower temperature is desirable for
the production of hypechlorite. This has been varified in figures

3,47, It has boen observed that at 22%¢ the amount of production and

. 0
current eflficiency ¢f hypochlorite are greater than that at 337C. But

in the case of chlorate the productien increases with inerease in

vemperature.
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36 THE INFLUENCE OF pH

dccording to Hammer and Hrunglenﬂq, the consumptinon

of hypochlorite due to chemical formation of chlorate may be
suppressed either by electrolysis at a very low tempersture

(DQC) or at high pE ("> 9 ). So most of the experiments were
carried out at high pH to obtein the maximum production of

hypochlorite,

o7 THE EFFECT OF THE SIZE OF THE EXPERTMENTAL BOX

Two boxws of different sizes were used to construct
the electrolytic cell having capacities of 10 litres and 2.5
litres. The current efficiency,production of hypochlorite and
chlorate were found tc be different for two boxes. Power cons-
unption against cu}rant donsity and current efficiency against
time for different current densitiss were plotted in figure
518 and 3,19, Power consumption for hypochlorite production
wag found to be higher in the case of smaller box but highar
curront efficiency was obtained for larger box at the same

current density.

3.8 PERCENTAGE OF SODIUM CHLORIDE CONVERTED

Percentage of sodium chloride converted intag hypochlo-
rite apd chlorate was plotted against time(figure 3.20), Initially
the conversion of NaCl 15 rapid and then slows down, It attalns a
mayimum of 1% At tomporature 229 and PH 2.15. A maximum convoraioen
of 13% have been reported by Chittogong Chomical Complex,3angladesh
with 70°C at pif 6.5,
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3.9 TI0 BEFFSCT OF CONCLNTRATICHN OF LIGCTROLYTIC SOLUTION.

The eoncenbration of sodium ehleoride solution was varied from
0,51 to 4.0M during the experiments, It was difficult to obtain a
solution having a concentration Freater than 4.0M at the working
temperature. Lt low concentration of sodium chloride solution{9,.5M),
initially the production of hypochtorite and current efficiency were
high and almost egqual to that of 4,0M sodium chloride solntion 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 the rapid depletion of available sodium chleride in

the cell.

It may be mentioned here that the above concentration of scodium

chloride (4.0M) has been recognized for the optimum production of

8,10,21

hypochlorite industrially at the same working teuperature ranpe.

3.10 TE LFFECT OF TIE NUME:ZR OF TILCTRCLYTIC CELLS.

In the present investigation it has boen found thet the
preduction of hypochlorite decreases with the decrease of the
nubher of clectrolytic cell used under the same experimental

condition, but the currcaot efficiency remains almost constant.



21 STORAGL O HYPOCIILORITE

&l

Hypochlorite ic stored in a dark coloured glass stoppered

bottle. When it 1sstored in a whito glass bottle about 98.2% of

hypochloritcs arc decomposed within Y days, If it is stored in a

dark coloured giass stoppercd bottle,the decomposition of hypoch-

lorito has been found to te around 16,59 within the some period.

The rate of decomposition of hypochlerite and formation of chlor-

ate stored in a dark blue coloured glass stoppered bottle are shown

in table 3.5%.

TARLE 5.5 LEBCOMPCSITICH O HYFOCHLOZITE AND FORMATION OF

CIILOAATE STORLD IN A DALK ELUE COLOURED GLASS

STOVPTLURLD BCTTIG.

Time in; llypochlorite j Chlorate
days iDDl'KL iEgcngD_ Eegcqmpo- ECIDEKL gFormatinn EFcrmatiﬂn
j (Zm) é EE;?OH' E E%Elﬂﬂ. E ( ea ) j {Em) ; (%j
Q 6. 06592 x x 3.110% x x
9 5,062 1.0092 16459 3,3989 0.28B6 “e27
40 2,8509  2,2183 76G.54 3.5783 0,468 15.04
3. 5862 54,08 3.6158 0,5055 16.25

85 2 485
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COROCLUSIOHN

(1) d novel clcocctrochemical cell syatem was deviged using
graphite ancde and stainless steel cathode for the opti-
pum production of hypochlorite by the electrelysis of

sodiun chlorido solution.

(i1} The cell is of simple peouwctric shape,ease of design and
¢an be casily constructed, The cell box was c¢loscd so that
hypochlorite can be ecasily formed in the cell from evolwed

chlorine gas at the anode and CII' ions at the cathode.

{111y The perforaance of the cell for hypochlorite production
was assessed in berms ol current efilclency,power conoum—

ption and space time yield.

(iv} The maximum current efficiency obtained in this investi-
gation wag 90.70% at current density of 625 ﬂm_g at 22%
using dichromate gnd the wininum power consumption was
found to be 6882.66 KWhr/ton for hypocihlorite production
in this case, Tihe Aagdwum yield of hypochlerite obtained

was T.227ga/L,



A E LD 1 X

TABRUUL_ ATED EXFERIMEMRMNTHELELE RESLILLTS



63

TABLE 1. FRODUCT.ION ,CUEHENY LIFFICIENCY AND SPACE TIME

YIELD OF HYPOCHLORITE AT C. D. 187.5 Am—<,

(1) Total current - 3 pOp.
(E) Yoltage - 5 volta,
(5) [Total soln, in tho cell = 6 litres.
(4y Iritial temperature « 23°%,
(5) pH = 7.01
Time ; Yolume i Volune of 1 0C1/L Ecur;cnt ESPace time
T P N R L -t S
olysis | olytic j(0.00B54N) ! i 1 (kgh™ ' a”)
{(min) | solm. +in ml f ' !
CmreERNE L i
i ) 1 i 1
15 20 9.30 0.1018 84.88 15.27
30 20 18.55 0.20%1 84,63 15.23
45 20 27.85 0, 3049 8. 71 15,24
GO 20 %6485 0.4035 84,06 15.13
2 20 45450 0.5005 83 .41 15,01
50 20 54,80 0,6000 B3.34 15,00
105 20 63460 0,6960  82.85 14,91
120 20 71,20 0.7832 81.58 14.68
135 20 78 .40 0.8620 79.85 14,36
150 20 84,40 0.9221 77437 13.86
165 20 89.00 0.9785 74e13 1554
180 : 20 92,50 1.0285 I 12.85
205 20 95,90 1,054 .29 11.56

220 20 96,50 1.0615 60,30 10.85
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TABLE 2.,  PRODUCTICH, CURRENT EKFICIENCY AND SPACE TIME
YIELD OF IYPCGHLORITE AT C.D. 187.5 An~2,
8;‘ (1}  Total current » 3 amp.
(2) Voltage = D volta,
éEE '(3) Total soln. in the cell = 7 litres.
(4) Initiel temperature = 22%
(5) ©PH = 9,10
Time ofi Volume 1 Voluwue ofi QC1™ /L E 001" Ecurrent : Space time
'ﬁ;ﬁfﬁ' i eggctrm_ E H?Esgiﬁ- i () E(m.aqnivflj i eff;cienc:,f: f{ritel}%. P
(nim) ¢ lyic foguired’ i (R e R
! analysed ! Ugfz : : ! :
A S¢S0 N E E i
5 20 3,25 6.029 1.14 86.04 15,48
20 20 12,90 0.118 4,60 86453 15.55
35 20 22,40 0,205 7.99 85,77 15 .41
50 20 32,10 0.295 11,45 £86.04 15.48
65 20 47,30 0,379 Ty 73 85.15 15432
80 20 50,05 0.459 17.86 a3,.84 15.07
9e, 20 58,90 0,544 271,04 87.18 14,96
110 20 63,00 G624 24,26 82.84 14,50
125 20 75.60 0,695 27,00 81.14 14,60
140 20 84,20 C.773 30,05 80,60 14,50
155 © 20 91,90 0, 844 32,79 79.46 14,720
170 20 98.10 0,900 3501 Y7605 13.89
200 20 110,50 1.015 39,43 e Gt 13.22
240 20 425,00 1.148 My 67 6£9.80 12456
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TABLE 3. PRODUCTION, CURRENT LFFICIENCY AND SPACE TIME

YIELD OF HYFOCHLORITE AT C.D, 250 Amhg.

(1) Total éurrent e 4 amp.
(2) Voltage = 5 wvolts,
(3) Total soln, in the cell = 7 litres,.
(4 pH = 6.5
(5} Initial teuperature = 23%.5%
Time -? Volune EVoluma oﬁ 001 /L E 0cl /L EGurrent ESpace time
oiectri 31g£tr_ t oS50, ! (em) ngGQUi?XL)E efficiencri yield,
olysis | olytic {(,00735K) ¢ s (%) jaen™? o2
(miny 1} scln. for 001 ' : ; "
et MR I B N
20 20 15.60  G.1476 5.73 80,74 19,37
40 20 31,30 0.2963 11450 80,09 19,44
&0 20 46,70 Q. 4420 17716 80,57 19,33
80 20 61.60 0.5825 22.6% 79,66 19,71
100 20 75,60  C.7155 27476 78.26 18,78
120 20 .20 0,8630 33,57 768.67 18,87
140 20 104,00  0.9840 25,21 76,90 18.45
160 20 117,00 1.10970 44,99 75,69 18,16
180 20 128,60 1.2170 47,26 73.96 17.74
200 20 138,00 1,305 50,69 ?21.39 17.80
220 20 144.65  1.365 53 .00 66,06 16,28
240 20 155,05 1,465 56.89 66.88 16.02
260 20 162,00 1.530 59,41 &4 45 15,45

280 20 166,65 1577 61« 24 63.16 18478

- e A B mm em o mm mm A e mm oy e ER EA P BT sk T EE A mm e mm o mm mm e gy = g v M BN MR A
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TARLE 4, PRODUCTION , CURRENT EFFICILNCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CHLORATE AT C.D. 375 Am~2,
(1) Total current = © smp.
(2) Voltage = 6 volta.
(3} Total scln.in the cell = ? litres.
{(#) Initial temperature = 23%
(3) pH = 7.20
Time nfi Volume E?aluma of i Concentration Ecumwﬂnt 5 Space time
electr- } of elect{ Na,yS,0, soln, i (m.equiv /L) :' efficiency | yield,
ciysie | rolyeic | oLoseoy) | RO R P
! gnalysed | raquired for ; : |
P foa” ooy | o1 50103 { 0C1™ { €107 {001 ! (105
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 3.46 80,64 10,82 25,01 a0
80 20 7. 90 1,20 34,17  5.19  80.16 12.17 28,86 2.36
100 20 G.80 1.55 42,35 G.70 79.55 12,58 28.65 & 5
120 20 11455 1.95 49,96 8,43 78,13 13,19 28.1% 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  B4,89 12,98  76.10 15.22 27,41 2.9
180 20 16.60 3,70 71.81 16.00 74.86 16,68 256,96  3.24
200 20 17.80 4.40 77,00 19,03 72,24 17.86 26,02 3,47
220 20 19,05 5.30 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 4.3

Bk e mm o s mp mm mw g TR S B B kil e mm mm me e W I TR W e s W R ek

A e S we omm o=
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TABLE 5.  DOWER CONSUMPTION OF HYBOCHLORILE AT C.D. 375 Am <.
(1) Total current = 0 amp.
(2) Voltage a © volts,.
(3) Total soln. in the cell = 7 litres.
(%) Initial temperature - 22%
(5) ©DH = 7410
Time E Volume ofi Yolumne of E Qcl™ /1. iTotnl 0cl iPower consumption
lecer- | Tytie | rohidy | €W @) | (ne/Ton)
olysis , soln. ) (0.08550) ! i
(min)} |} analysed ! required | r ¢
(@) ron o1 : E
2o 20 1075 0.217 1520 7B92.14
40 20 3.50 0. 434 7. 041 76892,14
&0 20 5. 90 0.657 4,600 7825,22
=18, 20 7a75 0.8G3 5. 043 7943 .06
100 20 9.65 1.075 74525 7973.42
120 20 11,50 1.281 5.§5? B028.98
140 20 12,85 1431 10,020 8382,22
160 20 14,25 1.587 11111 8639.68
180 20 15,60 1,757 12,164 8875.28
200 20 16455 1,843 12,905 9298.36
220 20 17415 1,910 12.573 9870.26
240 20 17.20 14916 1%, 412 10736,24
260 20 17.05 1.899 13.295 117335.28
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TABLE &, PRODUCTION,CURRENT EFFICTENCY AND SPACE TIME YIET.D

OF HYPOCHLORITE AND CHLORATE AT C,D. 375 Am™ E
(1) Total current = © amp,
(2) Voltage = 6 volts,

(3) Total soln, in the cell = ? litres,

(4 pH - 9.1
(5) Initial temperature - 22,5%
Time of } : ¥Yolume of r?cluma of ‘: Concentration | ' Current i Space time
i;:fgrm} 2]6$§frclyt1c,: ?:gegeﬂ g0ln .% (m.equiv/L) ! eff;;uancy r]il;;l% 3
(min) ; al(llﬂnigﬂed :(requlr&& fori E E( ; )
| i - I - T - I - 1 - ! -1 -
! 1 001 ;qui_i 0Cl™ |} Cl0y §OC1™ | ClO; }0C1™ | Cloy
20 20 2,05 0,20 8,86  0.86 83,20 8,1 29,97 1.58
40 20 4,05 0,45 17,52 1.9 82.19 9,13 29,60 1.77
60 20 6.10 0,75 26,38  3.24 82,53 10,14 29,72 1.97
80 20 8.15 1.10 35,25 4,75 82,70 11,16 29,79 2,17
100 20 10,06 1,50 43,47 6.49 81,58 12,17 29,38 2,37
120 20 1.9 1,90 51,48 8,22 80,50 12,85 28,99 2,50
140 20 13,656 2,25 59,05 9.73 79.14 13,04 28,51 2,54
160 20 15,30 2,685 66,19 11,45 77,62 13,45 27,9 2.61
180 20 17,10 2,30 73,97 14,26 77.1 14,89 27,78 2,89
200 20 18.30 3,90 79,16 16,76 74.27 15.84 26,75 3.08
220 20 19.50 4,60 84.%36 19.88 71.95 16,98 25,92 7,30
240 20 20.00 5.35 86.52 23,1 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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FRODUCTION,CURRENT LFFICIENCY AND SPACE TIME YILLD

TABLE 7.
OF HYPOCIILORITE AND CHLORATE AT C.D. 375 Am-E(SHALLER
BOX).
{1y Total current = © amp.
{2) Voltage = 5 volts.
(3 Total scln. in the cell = 1,5 litrea,
(4) Initial temperature = 32,5%
(5 pH « 9.7
Time ofi Volume Evulume of EConcentration.icurrent Espace time
Rl R e e S P
(min) E%E%;:edg'eq“fﬁﬂ)rfri . E _ i(g lm )
P emay § OC1™ } G103 | 0C1” }6l0y §0C1™ §Cl0y | OC1™ } €105
20 10 3,55 0,55 3,12 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 53.47 12,34 20,95 2.40
80 10 12,6€@  3.05 110,51 26,74 55,55 13.44°' 20,00 2461
100 10 15.15 4,40 132,87 38,58 53.45 15,52 19.24 5,02
120 10 17,00 6.10 449,10 52.49 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 9.20 40,93 22,9 14,76 4,46
180 10 18,00 12,80 1157.89 112,25 35,25 25,08 12,70 4,88




TAHELE 8.

20

PRDDUGTIDH,GURHE&T EFFICIENCY AND SPACE TIME YTELD

-

0F HYPOCHLORITE AND CHLORATE AT C.D. 500 Am ~,

(1) Total current = 8 amp,
(2} Voltage = © volta.
(3) Total s0ln. in the cell = 7.0 litres.
(4) Initial temperature = 23%
(5) pH a 9,10
Ti?a E Vo%umei ﬁolgmg éf X E Concantration i g?§;3gt . éSpagglgima
otoct i%ﬁ}fc: R SR Xy | oec!
(min} 501n. § raquirﬁp fG?_—% — ——— ey = '! —T -
analysed, 0C1™ } Cl03 3 001 103 001" 1ClO; | 0C17 ] 010g
(mly ¢ ! : " 3 H :
20 20 2,30  0.25 10,14 1410 77.50 B2 37,21 2,18
40 20 4,55 0,55 20,06 2,42 76.66 9,26 36.81 2,40
60 20 6.85 0.85 30,20 374 76.94  9.54 36,94 2,47
80 20 9.05 1.30 39,90 5.73 76.23 10,95 326.60 2.84
100 20 11,15 1.80 49,16 7.3 75. M 12,13 36,08 3,14
120 20 12,00 2,55 57.32 1124 7%.01 14,32 35,05 3,71
140 20 14,50 3,60 63.9%4 15487 69.80 17.33 35.51 4.49
180 20 16.55 6.00 72,98 26,46 61.96 22.46 29.75 5.83
220 20 16.95 8,35 74.74  36.83 51,92 25.58 24,43 6.G3
260 20 16,00 11,05 70,55 48,7% Y147 28.64 19.91 7.43

)
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PRODUCTION ,CURRLENT EFFICIENCY AND SPACE TIME YIELD

TABLE 9,
OF HYPOCHLORITE AND CHLORATE AT C.D. 562.5 An~?
(7Y Total curreat = 9 amp.
(2} Veoltaoge « D.5 volts.
(3} Total s0ln, in the cell = 9 litres,.
(4) pH = 9.2
(5) Initiel temperature = 22%
Time '; Volume i Yolume of i Concentration E Current i Space time
Shete ] afiped (s | OOV optigina | s,
olyFis 1 Olﬂlc ' required for ! : :
(min) Liiiiae¢ oc1™ c10; ! oogl c10; Loc1T €103 loc1= 7 c105
P (mly : : : H L . A
20 20 2485 0,30 12,27 1.29 76,82 8.08 #1,50 2,36
40 20 5.65 0,70 24,34 2.01 76,15 9,43 41,43 2,75
60 20 8.35 1.10 35,97 4,73 75.0% 9,88 40,5% 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 9.62 71,16 12.17 38,44 3,54
120 20 14,95 5,05 64,41 12.14  67.16 13,70 35,28 4,00
160 20 18.20 4,80 78.41 20,68 61,32 16.17 33,12 4,72
200 20 20,45 7.20 88,11 31.02  S5.12 19,40 29,77  6.66
240 20 21,30 11,10 91.77 47.82 47,84 24,93 25,84 7,28
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TAELLE 10, PRODUCTION ,CURRENT EFFICTENCY AND SPACE TIME YIELD

OF HYPOCHLORITE AND CHLORATE AT C,D, 562.5 An~° WITH
THE ADDITION OF DICHROMATE,
(1) Total current = 9 omp.
(2) Voltage = & volts.
(3% Total soln.in the cell - 7 litres.
(4) Amount of dichromate added = 2.5 gm/L.
{(5) Initial temperature = 22%
(6) pH = 9.2
R LR e e ot [
ko N I
(M0) 4 meTosea ! e e IT & T
; =t i ccl i C10% E oc1 ; G105 E ocl ! €103 5 0Cl iFloa
20 20 3435 0.2% 1443 1,07 90.30  6.93 48,78 1.9
40 20 6,65 0.60 28,65 2.58 89.63 8.08 48,41 2,36
p0 20 .90 0,95 42,09 4,09 88.9% 8453 48,05 2,49
80 20 12,95  1.5¢ 55,79 6.46 87,27 10,10 47,14 2,95
100 20 12,80 2.20 68,07 9.47 85.18 11.85 45,01 3,46
120 20 18,30 3.05  78.84 13,14 82,22 13.790 44,41 4,00
140 20 20,40 3,90 87.89 16.80 78.5% 15.01 42,43 4,78
180 20 23.40 6,35 100.82 27,36 70,00 19.01 37,86 5.56
220 20 25.30 9,80 109.01 42,22 62,00 24,01 zz,49 9,01

260 20 25.05 13.25 107.93 . 57.09 51,9 27.47 28,06 5,02
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TARLE 11,  PRODUCTION CURHENT LFFICIENCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CHLORATE AT C.D. 625 An~° WITH
THE ADDITION OF DICHRCMATE.
(1) Total current = 10 amp,
(2} Voltage e 6 volta.
(3) Tntai soln. in the cell = 7.6 litres.
(4) Amount of dichromate added « 2,5 gm/L.

(5) pH = 9.2
(6) Initial temperature = 31%.
Time E Yoluma ivolume of E Concentration E Current -Eﬂpace time
of v of v Nay5,0; solng (m.equiv/L) ' efficiency ! yield.
electrd electrd 1090 1 ; '
. e ﬁ) r ( % ) ¢ k hf1 -3
ainy | “sbin. | required for | i o
! gnaly— ! — 1 - o - 1 - 1 o -
teed  1oC1T jeloy ! 0027 jClO; P0ClT fcl0T 3 ool | glo
1 l [ ] 5 1 1 3 I 1 3 ] 1 3
1 (_n-il} I [ I ] _I 1 i L}
20 10 1.60 0,125 14,40 14,12 88.00 6.87 52,83 223
40 10 3,20 0,30 28.80 2,70 88.00 8,25 52,33 2467
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 B5.9% 11.69 51,60 z B0
100 10 .65 1,10 68.85 9.90 84,15 12,10 50,52 3.923
120 10 8,80 1.60 79.20 14,40 80,67 14,567 48,43 4,77
160 10 10.80 2,40 27.20 21,60 74,25 16,50 44,58 5436
200 10 12.40 3,40 111,69 30,60 68,26 18.70 40,95 6,08
240 10 13.70 4,95 123.30 44,55 62,79 22,69 3790 7,38

280 10 13.80 6.60 124,20 59,40 54,22 25,93 32,55 843
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FOWEL CONSUMPTION FOR HYPOCHLORITE FPRODUCTION

TABLE 12,
AT Ci D, BZ25 am™2,
(1) Total .current = 10 mmp,
(€} Voltago = 7 volts.
(3 Total soln, in the cell = 8.30 litres,
(#) Initial temperature = 22.5%
(2 pH = 715
Time cfE Volume Dfi Volume of i 0Ccl /T E Total EPDHGT COnS=
ST Sigthe | heSleotn ey | RRogiEen | wmion,
(ain) | solo, Po(0.09130) L) E( : n)
. ' required for !
et Tom® T i
20 20 245 0.25879 2,390 F762.84
4G 20 4,590 0.5759 4. 780 I7E2 .84
60 20 7430 {.8580 721271 %830,02
80 20 9,60 11285 9.366 %4, 52
100 20 11,85 1.3929 114561 10090,90
120 20 13.60 1.5986 12,268 10551 .24
140 20 15,420 1.74985 14,927 10941, 70
160 20 16455 1. 9454 16147 11560, 38
180 20 18.05 2,1217 17.6105 11924, 46
200 20 19,05 2,2%93% 16.586 12554.18
220 20 19.45 2,2863 18.976 15525476
240 20 19,50 2.2922 19,025 14217, 38

L4



75

TAELE 13. PRODUCTION CURRENT LFFICIENCY AND SPACE TIME YIELD
CF HYPOCHLORITE AND CHLORATE AT C.D. 625 Am_E.

(1Y Total current = 10 amp.
(2  Voltage = 6 volts.
(3) Total solmn, in the cell = 7.6 litres.

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

(3) pE . 9.1
(6) Initial temperature = 22°%
Time ! Volume | Volume of | Concentrabion § Current | Space tinme
ngctr-:: ;glgjt.?zt—i Ha25203 soln.! (m.equiv /L) f afficiency E yielfa -3
olysis ! soln. E (0, 050N E E (%) ! (kgh™ " m =)
(min) E‘ a.rg:igrsad E mquirla for ? E _ ,E '
; | 0C17 €103 | 0C1” iclog ] oCc1” } €10, 4 001” ;clug
20 10 1.65  0.125 14.85 1.12  90.76  6.87 54,49 2,23
40 10 3.25  0.30 29,25 2.70 89.38 8,25 53,99 2,67
60 10 4,80 0,50 43,20 4,50 B8,00 9,16 52.83 2,97
80 10 6.25 0.75 57.15 6.75 B87.32 10,32 52,42 3,34
100 10 7.80 1,00 70,02 9.00 85.80 11,00 51.51  3.56
120 10 9.00 1.45 81.00 13.06 .B2.50 13.30 49,53 4.3
160 10 11.10 2,10 99.90 18,91  76.32 14,42 45,82 4,68
200 10 12.80 3,05 115,20 27.41 70,40 16,79 42,27 5,44
240 10 13.72  4.50 123,75 40,53 63,02 20,64 37,84 6,7

280 10 13.90 6,15 125,10 55.40 54,61 24.18 32,78 7,84
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TADLE 4.  POWER CONSUMETION FOR HYPOCIHLORITL FRODUCTION AT
Ce Da 625 J'Lm_r_} WITH THL ADDITICN COF LICHROMATL.
(1) Total current e 10 amp.
2y Voltuge = &6 volts.
(3 Total soln. in the cell = 7.6 litres.

(4) Amount of dichromate addede 2.5 gm/L.

(5) PH ' = 912
(6) lnitial temperature = 22%
¥ i T i L [
Time } Yolume | Volume of P 0CclT/L ! Total ! Fower
af : of :I'JaESED3 soln.E (gn) ! production ! consumption
glectr- | electr— | ' - t -
Dl_ysig | olytic i( 109N E } of 0C1 | for 0C1
(min) } Soln. grequired for ) Yo(gm) ! (KWhr/Ton)
} onalysed | o= E ' )
(w13 \ H H H
20 10 1a65 0.3823 2.9058 60B2.66
40 10 5,25 0, 7537 5« 724 6988.12
&0 10 4,80 121124 8.454 097,22
80 10 6.35 1.4716 11,184 7153.06
100 10 7.50 1.8076 13,738 7279.02
120 10 G900 2,0857 15,851 7570.16
160 40 11,190 245744 19,55 8184,14
200 10 12 .80 2. 9664 22 . 544 8871, 30
240 10 13,75 3.1865 24.217 9910,08

280 10 134490 32213 24.4818 11437,04
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TARLE 15. PRODUCTION,CURRENT EFFICIENCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CHLORATE AT C.D. 562.5 im~"
(SMALLTR EOX).
(1) Total current = 9 amp
{(2) Voltage = 6 volia,
{(3) Total soln.in the ¢ell = 11,5 litres.
(4} Initial temperature « 32°%
(5) ©H = 9,06
Time ‘: Voluma i VYolume of Eﬂoncantratinn E Current i Space tima
eigct_ iaggctr- i Ne,S,05 soln. | (m.equiv/L) | efficiency ; wiglﬂza
rolysis ! ¢lytic ! ('0BO6N ': 1 C %), i (kgL " m )
(min} ! soln. 1 require for : 1 H
y analysedy 7 7 R T R A
é (ml) EDGl 50105 iDGl i_?loj é 0CL i G103 EDCl Eclo3
10 10 2.60 0,30 22,41 2.58 60,09 6.9 32,45 2,02
30 10 2,00 1.05 60.33 9,05 53,92 8,08 29,12 2,36
50 10 11,45 2,35 °8.67 20,24 52,92 10.86 23,59 3,17
70 10 15.70 4,30 135,33 37,06 51,837 14,14 28,00 4,14
90 10 17.75 6.70 152,99 57.95 45,58 17.20 24,62 5,02
110 10 20,10 9,90 173,26 B83.61 42,23 20,37 22,81 5.95
130 10 21,50 12.80 185.32 110.33 38,22 22.75 20,64 6,64
150 10 22,00 17,30 189,63 150.85 33,90 26.96 18,31 7,87
170 10 20,90 21.70 180,15 187.05 28,41 29,498 15,34 8,61
190 10 12.90 26,60 171,53 229.29 24,20 32.35 13,07 9,44




78

TARLE 116. FRODUCTION ,QURRENT EFFICIENCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CHLORATE AT ¢.D. 625 Am'E(SHAL-
LER ROX).
(1) Total current = 10 aﬁp.
(2} Voltage = & volta,
(3} Total soln. in the cell = 1,70 litres.
(#) Initial temperature = 33%
{(5) ©pH = 9,05
Time E Yelume ! Volume of E Concentration ,: Current E Spaca time
g{ectr-; eigctr- ; 1:7&25203 i (T.equiv/L) E efficiency E Fif}ld--3
olysis } olytic ;(rggﬂi’e?%ﬂ;i : (%) E (kgh " w 7)
- E saaiysed 061~ ! G0} i oc1” | c10; I=ncl‘ ! C103 }001' 1 0107
1 (mly A : 3 ¢ 1 5 4 1 2 ' 3
20 10 4,75 0.65 42,75 5.90 S58.44 8,07 35,08 2,59
40 10 9.40 1,70 84,60 15,45 57,82 10.% 3z, M 3,39
60 10 13,40 3,40 121,79 320.90 55.50 14.08 33,00 4,52
80 10 16,90 5,55 153.60 50.44 52,50 17,24 .21 5,53
100 10 20,05 8.10 182.24 7P3.62 49,82 20,13 29,62 6,46
120 10 20,85 10.90 189.51 99.07 #43.18 22.57 25,66 7.25
140 10 20,90 “4.75 189.9 134,07 37.10 26.18 22,05 8 41
160 10 20,05 19.35 182.24 175.88 Z1.14 30,06 417,86 9,65
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TARLE 17. PRODUCTION, K CURRENT EFFICIENCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CHLORATE AT C.D. 625 A2 WITH
THE ADDITION CF DICHROMATE ( SMALLER BOX Y.
(1) Totel current = 10 amp,
(2) Voltape = & wolta,
(2 Total soln, in the cell a 1,56 litres
(%) Amount of dichromate added « 2,5 gm/L.
(5) Initial temperature - 33%
(6) pPE - 9.6
Time i Volume Evblume of Econcentration E Current ESpaga time
Egchﬁé Eigg?ii F:gzggg)ﬂoln.g (2. equiv/L) E eif;c;ency E : i;::%‘mfi )
(i::l} i sﬁl:i. ;,'r.'eft:_u.:.izl:ntia{:l.1I for i ' ; : !' 1
f?ﬁ%{sfﬁ_ 001" {Clo; ; OCl~ 0103 | 002" | 010y { 0017 }clop
20 10 5470 0.85 50,87 7.58 63.82 9.52 38,32 3,08
40 10 11225 1.90 100,44 16,96 63,00 10.64 37,81 3,45
60 10 16,70 3,20 149.10 28,57 62,35 1.9% 37.42 3,87
80 10 19.65  5.25 A75.40 46,87  55.01 14,00 33,02 4,76
100 10 20,60 8,00 183.92 7.42 46,14 17,92 27,69 Suen
140 10  2%.95 17,00 213,82 151,77 38,32 29,20 23,00 8,82
180 10 23,20 33,20 207,13 296,41 28.87 #1.32  17.33 13,40
220 10 21.20 48,15 189,27 429.89 21.58 49,03 12,95 15,90
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TAELE 18. PRODUCTION,CURHENT EFFICIENCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CHLORATE AT C.D. 625 Anm™° USING .
PURE (E.MERCK) NeCl CELORIDE(SMALLER BOX).
(1} Total currant = 10 amp.
{(2) Veoltage = & volts.
{3 Total soln. in the cell = 1.55 litrea,
(4) Initial temperature = 239%
(3} pH «  7.05
Time Efgzﬁma E Volume of E Concentration EGurrﬁnt iSpana tims
T P TN Lt i £ Ll B o
lysis }olytic i o0¢7H3eoln. ! j ran )
(min E goln. E . E T : T : 1
! E-‘E‘;ﬁrﬂe‘i: 0017 foloy |00 jo10p j001T joloy | ool” {0103
20 10 7.00 0,90 59,28 7.62 73,90 9,50 44,726 3,08
40 10 13.95  2.05 118.15 17.36  73.63 10,82 44,21 3,51
60 10 20,20 3,95 171.09 31.77 71.08 13.20 42,67 4,28
RO 10 25,10 6,60 212,59 55.92 66.24 17.42 20,99 565
100 10 28,10 40,40 238.00 88,11 5%.33 24.97 135,62 7.12
120 10 29,90 14,00 253.25 118,62 52,61 24.64 31,58 8,00
140G 10 30.50 17,90 258.33 151.66 53.66 27.01 23,61 B,7%
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TAELE 19, PRODUGCTION,CURRENT EFFICIENGY AND SPACE TIME YIELD
OF HYFOCHLORITE AND CHIORATE AT C.D. 750 Am”E(SHALLEE BOX)

(1)  Total current = 12 emp

{2} Voltage « 8 volta,
{3} Total soln. in the cell = 1.6 litres,
(#) Initiel temperature = 22%

(5) PH = 9,15
Time E Voluma E Yolume of E Concentration ' Current .: dpace time
oL et o3l ot iﬁ:ﬁiﬁ:ﬁ)mmi (w.equiv/L) ;ei‘f;c;.ency ; (kztilﬂd"' )
%ﬂg;? Lgéigzza %aquifj? fﬂf } - E D i _ -
| g1y 1 01T 10103 ;0017 | €10z } 0C1”}1Cl07 |} 001 | C103
20 10 6.45 0.90 54,12 7,56 58.11 8,10 41,86 3,15
40 10 12,85 1.90 107.96 15,9 5$7.88 8,56 41,70 3,33
60 10 18.90 3,20 158.79 26,88 56.76 9.61 40,89 ° 3,74
80 10 23.60  5.10 198.28 42,85 53,15 11.48 38,29 4,47
100 10 26,75 B.OO 224.75 67.22  4B.18 4.4 34,72 5,61
120 40 30.20 12,30 253,73 103.34% 45,34 18.47 32,66 ?.19
140 10 31.60 116,50 265.50 138.60 40,67 21,23 29,29 8.26
160 10 31.90 22,00 266,34 184,85 35.70 24,77 25,71 J.04
180 10 30.40 29,20 255.42 245,53  30.43 29,23 21.92 11,38
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TABLE 20, PRODUCTION,CURRENT EFFICIENCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CILORATE AT C.D. 750 Am-E WITH
THE ADDITION OF DICHROMATE ( SMALLER BOX ).
(1) Total current =« 12 emp,
(2) Yoltage = 8 wvolts.
(%) Totel scln, in the cell « 1.56 litres,
(#) Amount of dichromste added = 2,5 gm/L.
(5} Initial temperature = 22.5%
(6) »pH = %5
Ti?e E Vg%umei §§;32350501H'5 Cozcent?ajion E af%gﬁﬁg:ﬁy ESgggidfima
sseianiichn TGO et o)
CEREE: ik SN SR Sl
U emly _chl !qu§ ; 0C1 E clo o 0C1 ; Gliz__j_ﬂcl _j_plDB_;
20 10 6.35 1,00 56.69  8.92 59,27 9,33  42;69 3563
40 10 12.65 2,15 1M2.3% 19.19 59,04 10,03 42,52 2790
60 10 18.75 3.60 (167,40 32,14 58,34 11.20 42,01 4,36
80 10 21,40 5,30 19M.06 52.67 49.% 13.7%6 35,96 5,35
w0, 10 23.15 9.00 206,68 80,35 43,22 16.80 31,12 6.54
140 10 26,95 19,10 240,61 170,52 35,93 25,46 25.88 9.™
180 10 26,10 37.30  233.01 333,010 27.07 38.68 19,49 15,06
220 10 23,85 53.80  212.92% 480.33 20,23 45.65 14,57 47,77
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TABLE 21. PRODUCTION CURRENT EFFICIENCY AND SPACE TIME YIELD OF
HYPOGHLORITE AND CHIORATE AT C.D. 750 An™°(SMATIER BOX),

(1) Total current = ‘12 amp.
(2) Voltage « 8 vyolta.
(3} Totel scln. in the cell = 1,6 litres,.
(#) Initial temperature = 33%
{5y pH - 9.15
Time E Volume Evblume of _1 Cencentration Ecur;egt -?épage time
Eggctri e?gctrj H?gi333 E (R.equiv/L) %afflclency E FlE%d'-E
olysis | olytic , gequirzg)ig%n1 p (%) :( kgh™ " o~ )
N anfigéé ac1™ ‘clu“_%' oc1” 0107 E oc1” 1 0103 é 0c1™ {207
i (mly : 5 1 : 31 . 51 L 2
20 10 6.20 0,95 52.09 7.98 55,86 8.58 40,24 3,33
140 10 12,30 2,20 103,34 18,48 55.41  9.97 39,917  3.85
60 10 17,70 3.80 148.71 31,92  53.15 1141 38,29 4,44
80 10 21,80 6,70 18%3.16 56,29 49,10 15,09 35,37 5,87
100 10 25.85 10,70 217.19 89.90 46,58 19,28 33,55 7,50
120 10 28.20 15,10 236,9% 121.87 42.34 22,67 30.50 8,82
140 10 28.90 19,10 242,81 160.48 37,19 24,58 26.79 9.57
160 10 28,00 25.95 235,25 218,04 21,53 29,22 22,71  11.37

180 10 26,90 32,35 226,01 27.81 26,92 32.38 19,329 12.61°
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PRODUCTION ,CURNTHNT DeFICIENCY AND SPACE TIME YIELD OF

IFEOCHLCRITE ALiD CITLOKALTE AT C.L. 625 Ax™

e USING O.54

SODIUM CHLORIDE SOLUTICON (SHMALLLR BOX).

(1) Total currentg = 10 amp.
(2) Toltage . = Y volts.
(5 Total solution in the cell =  1.80 litres,
(4 Initial ﬁemperature = 5300
() PpH = 9.0
Time of iVolumc of EVOIume of : Ceneentration ECurpeqt ESpacg time
i;gizrcﬁ i;igzrg;lnj Hagﬁgmﬁ[U.DEDH)i{m.equ1v;Lj E eff:clency ? Fiﬁldlj
(min) analysed | Z0iiveg ror P (B) O
Fo(al) . i —1 i — p— T -
I Nl ' 010 PoclT Y107 'oclT Pgloz foclT ! Clo
| : A AL T A 12
20 10 4. 45 0,70 40,04 8.30 57,96 2,11 34,79 2.95
4G 10 8.60 1450 77.38 13.50 56,00 9.77 33.62 3.76
50 10 12,20 2.50 109,77 22.50 52,96 10,85 31,79 3,52
a0 10 15.00 5,95 134,97 33.75 48,84 12.21 29.32 3.96
400 10 17,00 5.60 152,96 50,40 44,28 14,59 26.58 4.73
120 10 18.%0  7.95  I68.66 71.55 29,72 17.26 23,85 5.59
140 10 14,80 10.80 169,16 97.20 34,98 20,10 21,00 .52
180 10 17,10 18.50 152.86 166.51 24.74% 26.77 14.85 B.68
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FROUDUCT IO, CUTRENT ITFICIINCY AND SPACE TIME YIRID OF

HYPOCHLORITE ANU CHLORATL AT C.D. 625 ﬂm-E(LﬂRGER DOX}.

(1Y Total current = > amp.
(2) Voltape = 5.5 volis,
(3) Total solution inm the coll = 7,00 litres,
{4} Total number of cells = &4
(5) Imitlal temperature = 23%
(6) pH = 9,10
Time of | Volume of EVoluma of Eﬂunccntration EGurrent ESpaca time
electr- | HaESED5 {Ha25205 E(m. equiv/L)., E efficiencyi yield.
olysis 10,0865H) ! (0.0865H) R | (kgn™ ! m Yy
(min) P soln,” | goln ' ! H
E required E requiréd for i E ;
for  001” ?cmg I oc1” | clo; i'ocl"  CL0; } 061~ § CLO;
20 20 1.65 0,15 7.13  0.64 80.23 7.30 24,11 1.18
40 2l %.30 0,35 14,27 1,51 80,33 8,52 24,11 1,38
ol 20 4,90 0,55 21.19 2,37 PY.52 B.92 25,87 1.4
a0 20 0.55 0,80 28,32 3,45 79.72 9.7% 23.93 1,57
100 20 B.15 1,05 2S.24 4.5% 79.36 10,22 23,82 1.65
120 20 9.60 1,40 41.51 6.04 77,90 11.36 23,38 1.84
140 20 10,95 2,00 47.35  B.64 76,16 13.91 22,86 2.25
160 20 12,15 2,55 52,54 11.01 73,94 15.52 22,20 2,51
180 20 13.30 3,35 S7.51 14,47 71,95 18,12 21,60 2,9
200 20 14,05 4,30 GU.Y6 18,57 GB.40 20,93 20.53 3.39
220 20 14,90 5,40 .63 23.33 G5.95 23.90 19,79 3.87
260 20 15,05 7.80 65,08 23.70 56.36 29.21  16.92 4,73
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TABLE 24, PRODUGTION,CURRENT EFFICIENCY AND SPACE TIME YIELD
OF HYPOCHLORITE AND CILORATE AT C.D, 687.5 Am™>,
(1 Total current 11 amp.
(2) Yoltage 7.5 valts,
(3) Total soln, in the cell 7.5 litres.
(43  Initial tewmperature 32°¢
(5} pH 9,04
T%me E VGigme Egglgmg of E Congenﬁrﬁﬁioni g?§§§§§n¢ gﬂpace time
0 l | Na. y (B.equiv ' \
ooty steetr ofebdy 1 () e,
R i B AR N
E iacl' i?lo_ j 0cL” iclog ioclf 50102 EOGl_ 5010%
20 20 3,40 0,40  13.23 1,70 72,58 9.36 47,93 3,34
40 20 6.15 0,85 26,25 3.62 71,99 9.95 472,54 3,55
&0 20 9,30 1,30 39.71 5,55 72,57 10,14 47,92 3,62
a0 20 12,30 1,70  S2.51 7.47 71,99 10.24 47,54 3,55
100 20 15,35 2.25  65.54 5,60 ?1.88 10,53 47,46 3,75
120 20 17,60 3,15 95.45 13.44 68,67 12,29 45.35 4,78
140 20 19.45  &,10  B3,04 172,50 65,05 13,71 42,96  4.89
160 20 21,35 5,20 91,16 22,20 62,47 15,21 #1,25  5.43
180 20 23,05 6,40 98,42 27.32  59.95 16.64 39,59 5.9
200 20 24,35 2,80 103,97 33,30 57,00 18.26 37.64 6.51
220 20 24,00 9,10 105,89 Z8.85 52,77 19,36 24.85 6.9
260 20 2%,590 12,25 102,05 52,30 43,03 22.61 28,42 7.87
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