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A detailed study bas been made nf the electrolytic production of chlorate by the 
electrolysis of sodium chloride solution. Date. are given in respect of the influence on 
the current efficiency of chlorate formation of the following factors : the temperature, 
the separation nud disposition of the eled:rodes, the electrolyte concentration, the .. "llrrellt 
density and addition agents. Iufl.aence of sun light and superimpo~ition of A. C. during 
the electrolysis have also been investigated. A general theury of chlorate formation, 
electrochemlcAU:y, is discussed. 

Desite the fact that alkali chlorates are of very great commercial 
importance and especially as a war material, no systematic and detailed data 
are available in the literature in regard to the various factors involved in 
their preparation, electrochemically, which is increasingly superceding 
other well known methods. The present work was undertaken to study 
the efficiency of an experimental 'chlorate cell' over a certain range of 
conditions. 

E X P K R I M It N T A L. 

The cell consisted of a cylindrical glass vessel611 iu height and about 2 11 

in diameter. It wao; closed with a weJI fittin~r cork which carried a piatiuum 
anode, a graphite cathoile, a thermometer and an exit tube for the e\·olved 
gases. The temperature of the cell was controlled by immersion in a ther­
mostat kept at the appropriate te.tnperature. A :fixed volnme, 11iz., zoo c.c. 
of NaCl solution of known concentration represented the bath; to this was 
added o"4 g. of K 1Cr20 7 in all experiments except those reported in Table V 
showing the influence of the various "addition ageuts " on tbe eflicieDcy 
of the chlorate formation. The circuit included an ammeter, an adjustable 
resistance and voltmeter between the electrodes. After electrolysis, a known 
volume of the solution was analysed for (i) chlorate and (ii) total 
available chlorine i.e., free chloriue and that present as hypochlorite wbidt 
was determined by titration against a standard sodium arsenite solution. The 
CWTeJJt efficiency was calculated in respect of (i). These results and also 
those for (si) are returned in t11e following tables, which illust1ate the 
influence of such factors as the temperature (Table I). • se-parAtion ' or the 
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intet·-electrode distance, the vertical and horizontal djsposition of the elec­
trodes (Table II). initial couct>ntration (Table "HI} and c:·nrreut density 
(Table IV), and 'addition agents • {Table V). 

No. 

2 

3 

4 

5 

6 

7 

TABLE I. 

Cun:ent=x·s amp. Distance between the electrodes=z em. 
Currentdensity=J. amp./sq. em. Current passed for I hour. 

Temp. 

30" 

so 
6o 

70 

So 

go 

P. D. applied. 

s volts. 

TABLE II. 

Strength of Current effil"ienC"V 
avnilable Cl2 in of chlorate forma-
c.c of arse:cite soln. tion. 

2'3 

2"0 

57"95 

71'68 

86"02 

Variation of current efficiency with tile sepa,.ation of electrodes. 

Current=! amp. Temp.=soo Current density=o"6b7 amp./sq. em. 
Current passed for 2 hours. 
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Doth the electrodes horizontal. Both the electrodes vertical. 
x em. 5"4 2"2 57"45% I rm. 4"5 o·g 77"19% 

2 5"6 2"8 59"12 2 4"5 I"J 82"II 

J 5"7 J"l 6o·ss 3 4"6 I"4 83"75 

4 ~-7 4"0 64 93 4 4"7 ··s Bi"S7 

5 5'7 4"0 71"45 5 4"7 I"6 87'03 

6 5"9 3"6 65"75 6 4"8 x'6 82"93 

7 5'9 3'8 61"59 7 4"8 I'6 8o"4? 

8 6"o 4"I 59"I2 8 4"8 1"6 79'66 

E\•ideut~y the cu~rent efficiet1cy is greater with electrodes vertical than 
when they are horizontal. 
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Variation oJ cu.,..,.ent efficiency with the initial concent.,.a.tion oj sodium 
chloride. 

Current strengtb=:r amp. Current density=o"667 amp./sq. em. 
Current passed for 2 hours. 

Om~. of sodiwn Strength of available chlorine Current efficiency of 
chloride in c.c. :.f arsenite Sllln. clllorate formation. 

s% X"3 75·54% 

IO :1"4 75"54 

IS I"4 77"34 

20 1"5 79"66 

25 I"6 8o"46 

Saturated 1"6 92"94 

TABLa IV. 

Variation o/ cunent efficiency with the cunent density. 

Temp.= 6o0
• Distance between the electrodes= 2 em. Quantity of 

electricity passed=2 ampere-hours. 

Anodic current Cathodic current Strength of available ~ Current efficiency of 
density in amp density in amp. in c.c. of arseDite soln. chlorate formation. 

per sq. em. per sq. em. 

2 I"35 64"88% 

X J"3 61"63 

o"667 I"25 6o"or 

o·5 ~"25 59"18 

o"25 1 1"2 ss·,.s 

2 X"3 6o"oi 
I 

I 1"3 61"63 
:I 

o"4 :I"2 63":15 
X 

0"25 1"2 64"o6 
X 

o"136 1"2 6s"69 
X 
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TAliLE V. 

The effect of addition ageJILs on the cunent efficierr.cy. 

Current strength= I amp. 
amp. fsq.cm. 

Temp. =so". Current density"' o ·667 
Current passed for 2 hours. 

Addition agent. 

K1Cr1o, 

KMu04 

YtC!s 

NasWo4 

NH4V03 

CeCI3 

U~N01>1 

ZriSOtls 

LaC13 

MgCI, 

V.Oa 

Strength of 
a\'ail.s:~~ble 

chiorint: in 
c c. •'C 

arsenite .soln 

o·r. 

2"3 

2'4 

0"6 

1"2 

1"2 

1"2 

1"3 

o"6 

··s 
1"9 

3"0 

Carrent 
effi.cieu,~v 

of chlor-ate 
formati.>n. 

4845% 

80"46 

77"18 

76"38 

75"54 

72"38 

67"86 

6.;:6g 

6J"89 

61"59 

6o"72 

59"72 

Addition agent. 

CoCI 2 

Dd(NOa•a 

RbCI 

CsCI 

VzO~ 

ThC14 

TICI 

1NHcl11l\Io04 

MnC11 

FeCI3 

Ti(S0411 

DISCUSS I 0 N. 

Strength of Current 
available efficiency 

chlorine in of chlorate 
c.c. of formation. 

arsenite soln. 

~-7 57'6g% 

0"9 53"55 

0"7 48'45 

o·s 48"45 

1'7 45'16 

o"g 40'24 

o·s 27'92 

o·s :zo·s:z 

o·s 9"85 

0'9 6'38 

:z"6 .;·6· 

When a solution of an alkali chloride is electrolysed, hydrogen is 
liberated at the cathode and chlorine at the anode because of the high 
overvoltage necessary for the continuous discharge of OH' ions. If the 
electrodes are near each other and the anodic and cathodic solutions allowed 
to mix freely. the chlorine forms hypochlorite by secondary reactions with 
the OH' ions : 

Cl3 +0H'=HOCl+Cl' 

HOCl+ OH'=ClO'+H.o 

(i) 

(ii) 
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The concentration of the - hypochlorite is, however, kept below a certain 
equilibrium value because it is used up in a number of side-reactions, the 
chief among which are (a) reduction at the cathode, (b) dischu.rge of the 
CIO' ion at the anode and (c) chemical formation of· the chlorate. The 
hypochlorite ion has a much lower discharge potential than the chloride 
ion (Foerster and Muller, Z. ElektFochem., 19021 8, 634) and is therefore, 
preferentially discharged. In an alkaline solution all the hypochlorite ie 
ionised; the whole of it, therefore, can be discharged. In acid solutions, 
however, proportion of the CIO' ions is very low as the hypochlorous acid 
is a very weak one and its ioni~tion is further suppressed by the free acid 
present. In an acid solution with a high concentration of the chloride, the 
discharge of ClO" ious is expected to be very much smaller than that of the 
Cl' ions. The discharged CIO' ions, l1owever, are converted into chlorate with 
the liberation of oxygen (Foerster and Muller, Z. Elektr-ochem., 1902, 8, 
oosL 

(iii) 

The chemical transformation of hypochlorite into chlorate can take 
place only in slightly acidified solutions because it is a reaction between 
the hypochlorite ion and the free hypochlorous acid (Foerster and Jorre, 
]. puJkt. CIJem., 1899, 59, 53). 

CIO' + 2l·ICIO = C101a + 2H" + 2CI' (i11) 

If the hypochlorite is converted into the chlorate by the electrochemical 
reaction (iii), then it reguires 6 faradays of electricity more for 2 molecules 
of the chlorate. If the conversion is effected by the thermochemical 
reaction (iv), no electricity is used up and the formation of each molecule 
of the ch:orate requires only 6 faradays ncccssa1y for producing 3 molecules 
of the hypochlorite. But the electrochemical conversion requires 9 faradays 
per molecule and so there is a relati.,e reduction in efficiency of 33"3%- Usu­
ally in any process of electrolytic oxidation, oxygen e1.·olution at the anode 
causes a loss in efficiency. AL-cording to the ear Her workers, if the main 
reaction occuring at the anode is the electrochemical formation of Cl0a1 ion 
by the oxidation of CIO' ions according to equation (iii), there wi11 be a 
loss in efficiency of _33 · 3% corresponding to a loss of :11 of the total active 
oxygen. 

To get :~oo% efficiency, therefore, it is necessary to prevent reaction 
(iii) from occurring and increase the speed of reaction (i"ll). A elight 
acidification and a high concentration of chloride should serve ti:Je purpose 
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because, the hypochlorous acid being a weak acid will not be ionised i!l 
amounts sufficient to permit the discharge of ClO' ions to any appreciable 
extent and by the law of mass action, speed of the reaction (i'ZI} will be 
proportional to the square of the concentrations of free hypochlorous acid. 
There are of course other considerations which determine the acidity. A 
high acidity means a low solubility of chlorine and prevention of reacti011 
(i) and (iil. So a good amount of the chlorine wiil escape. Moreover, free 
hypochlorous acid being volatile, much of it will be lost, especially at higher 
temperatures The protective film formed by the dichromate will dissolve 
if the acidity increases. So the acidity is not allowed to rise aad is kept 
within the required range by the addition of K 2 Cr2 0 7 whicl1 acts as a bufl'l!l' 
[Pamfilov, Bull. In st. Polyt. 1'i!oli!07!o. I' oznesensk, Ig:n. II, II J). 

Owing to the weakness of the hypochlorous acid very slight acidity is 
sufficient to suppress the formation of CJO' ions. The dichromate is also 
the best 'addition agent ' found so far, for the prevention of cathodic 
reduction in chlorate cells. The effect of variation of temperature on llie 
<lUrrent efficiency is shown in Table I. Since acidic solutions have bel..'ll 
used throughout, formation of the chlorate comes about chiefly" by the 
thermochemical reaction (i'ZI) and so the yield increases with temperature. 
But at higher temperatures the increase is not so great ; so there must 
be some otber factors which dec1·ease the yie:d and the effects of whic-h are 
much more pronounced at higher tempemtures. Tbe increas~d discharge. 
of ClO' and OH' ions due to decrease in the oxygen overvoltage at high 
temperatures and the volatility of the fre.:: hypochlorous acid may act in 
this direction. Due to the fall in overvoltage and tile greater conductivity 
at higher temperatures the voltage is less. 

No adequate information is availabie in the literature to show the 
effect of the variation of the interelectrode distance in chlc.u·ate cells. ll 
has been taken for granted that the electrodes must be as near ea<:h othet 
as possible. But the results given in Table II go to show. that there exists 
an optimum distance of maximum yield. Unless the solution is very 
vigorously stirred, there will be formed a zone where the anodic and catl1odic· 
solutions meet and react to form the hypochlorite. From this zon~: the 
C101 ions would move towards the anode and get discharged if in the n•ean­
while they do not react chemit:aJly. So the farther away the ueutral zcne 
from the anode, the less will be the discharge of CIO' ions and so the loss 
in efficiency will be comparatively small. But when the separation 
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becomes great, the chlorine not finding a sufficiency of OH' ions escape!> and 
produces a loss. So there is a region of optimum efficiency where the 
combined loss due to these two causes is at a minimum. 

The effect of an increase in the initial concentration of sodium chloride 
is to increase the yield because a high concentration of Cl' ions reduces the 
discharge of CIO' ions. A very high yield results if the solution is kept 
saturated throughout the course of the electrolysis. These are shown in 
Table III. 

Table IV records data for the variation of current densities. Increase 
of the anodic current density increases the yield. This is probably due 
·to the increased oxygen overvoltage and the consequent decrease in. the 
amount of OH' and ClO' ions discharged. 

For the prevention of cathodic reduction, it is necessary to add some 
foreign substance. Potassium dichromate was very early recognised to be 
effective in this respect and it has been hitherto the most useful a.dditioR 
agsRt. Though it acts catalytically, fairly .large quantities are required. 
It is supposed to form a film of chromium chromate which prevents the 
contact between the nascent hydrogen and the hypochlorite and chlmate. 
For example Muller (Z. Elektrochem., 18gg, 5, 469; 1:901, 7, 398; 1902, 
8, xog) showed that no prevention of reduction takes place at a mercnry 
cathode where no coherent film could be formed. .Table V shows that 
substances which are capable of forming an insoluble film round the cathode 
such as the alkaline and rare-earth elements, generally show a high yield. 
?.!anganese, iron and titanium are marked by the fact that their salts reduce 
the yield considerably. This i!> probably due to· the fact that their salts 
get easily oxidised at the aucde and subsequently reduced at the cathode 
and thus consume much of the current Ul>E:d. 

When the cell is e:~~:posed to sunlight neither chlorate nor hypochlorite 
is found amongst the end products. Perhaps this is due to tbe fact that 
the hypochlorous acid is decomposed on exposure to sunlight giving off 
oxygen and chlorine. 

2HOCl=2HCl+ Oa 

HCIO+HCl=H.O+Cl2 

That means, it is necessar)" to avoid sunlight iu chlorate cells:. Vrben 
alternating current is substituted for direct current, no chlorate is formed. 
The platinum dissolves and gets plated out in the black form. It may be 
that platinum which is ordinarily ' f>assi'I.'B ' gets charged durin~ the transient 

4-r3g8P-n 
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cathodic component with hydrogen and looses its passivity and so it dissolves 
during the next anodic component of the current (Margules, Ann. Phys., 
z8g8, 65, 629; 66, 540). This dissolved platinum gets plated out as 
platinum black during the cathodic half if in the mean while it has Dot 
entered into a complex. Moreover, A. C. reduces the-overvoltage to a very 
low value (Reitlinger, Z. Elekt.,.oc:hem., 1914, 20, 261 ; Grube and Dulk, 
ibid.. xgx8, 24, 237) and so there is nothing to prevent the discharge 
of OH' ions in preference to C11 ions. Since the solution is acidic OH' 
ions are practically absent; so some Cl' ions may also be discharged. 
The liberated chlorine will not escape until enough of it has accumulated to 
form bubbles and escape. But before this takes place the current gets 
reversed and the chlorine is ionised either cathodically or by reaction with 
the hydrogen Hberated in an active st"ate. So whether Cl' ions are discharged 
or not no chlorate will be formed. 

EUIC"I"ROCBI!II.JS"IliY SBCTJON, Cm!MJCAL LABOJIATOUII!S, 
BBNARES HINDU UNIVERSITY, BRNARBS. 

Received May 26, x941. 


