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The present invention concerns the monufacture of

sodium chlorate by rneans of an electrolytlc method,

It is known that, for obtolning sodiun chlorate by thls
reans, an electrolysis is mﬁde‘of'a solution of sodium chloride, \
5 The decoriposition of this salt, which 1s effected with a yileld in
curront close to 100 % first provides chlorine which 1s formed

at the anode and sodiun hydroxlde which is formed ab the cathdde,

The first chlorine fractions are generally nearly en-

tirely lost sincc the sodium chloride solution is rapidly satura-

10 ted therewlth, The sodium hydroxide thereafter diffusing in the
clectrolytc, chlorine is absorbed and sodiun hypochlorite is fore

rned in accordance with the reactlion ¢

2 NaQH + Cl, ——> NaClo + NaCl + H,0 .-

Tpis hypochlorite is then transformed into a chlorate,
15 by two ways 3 ‘
- First on behalf of a chemical process; in accofdance‘with
| a slow reaction, the complex mechanism of wﬁich mey thus be
surmarized I
E - 3 NaCl0 ——p 'Na_C;LOé ¥'2";iadl >
| 20 The yleld may reach 100 % ; theré'is no loss in oxygen.

E ~ Secondly on behalf of elecctrolysls. Experlence shows that

| the operation then leads to oxygen belng released gt the
anode, together with the formation of chlorate, thls being
attributed to the reactlon : -

25 6010"+3H20+6(+)_20105"+L|_Gl +1,502+6H‘"

g The energy used for the formatlon of free oxygen is

uselessly spent and the gases released by the electrolysis'aré

charged with oxygon, whilch constitutes an additbonal drawbadk

In usual processes, these two transformatlons are si~

30 multaneously effected, Thelr respective actlons affect the total
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viecld which 1s all thc lower the more lmportant the electrolytic
transformation, If the chenlcal process were alone involved, this

yiecld, on the contrary, would reach 100 % ,

Various mcans have been studled with a view to lmpro-

5 ving the officlcney of the clectrolytlc transformetlion of the
chlorlide into chlorate, It has thus beon suggested to increase
the donsity of the eolectrlc current and to equalize 1ts dlstri-
bution over the whole area of the electrodes, to malntaln the
acidity of the solution within the required limits, or to use

10 salts such as chromates for avoidlng the cathode roductlion of
the hypochlorite, It has also been proposed tq cause a niotlon
of the clectrolyte elther upwards or downwards, and even to even~
tually use the relecasec of hydrogen which results from the elec-
trolysis, for alding the clrculation of the electrolyte, Finally,

15 dnodos comected with a bottom plate have been used while the

brine was being moved upwards,

But the operatlions according to these var ous methods
are gonerally carrlied out in a turbulent likely disbturbed mediun,
inside the electrolysls space, without any posslble control of
20 the various reactions or of the flow of electrolyte, The lmpro-

venents in efficiency, whlch were thus searched, were obtained

in a purely emplrical manner,

§ The object of the present invention 13 a process which
rakes 1t possible to obviate these drawbacks and to considerably
25 increase the efficlency of the preparation of sodium chlorate,

This process fundamentally conslsts in causing a solu~
tlon of sodium chloride to clrculate in the interpolar space ‘
croated betwoon an anode and a cathode lmmersed in sald solutlon,
at a.speed sufficlently high so that the OH" lons formed at the. -

30 cathode cannot, as an average reach the anode, in maintaining
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in contbact outsidc of the intorpolar spacc the sodium hydroxide
solution and the chlorine resulting from the elcctrolysils over
o sufficicntly long period of time to cnsurc the fixation, by
sodium hydroxide, of all thc chlorinec prescnt, then in allowing
the solution of hypochloritc and sodium chloride thus obtained
to rest for a sufficicntly long time and at a sufficiently high
temperaturc in ordcr that the chcmigal trdnsformation of the

hypochlorite Into chlorate could take place,

The speed of nigratlon of the OH™ lons formed at the
cathode is porfectly known and it 1is casy, toking into account
the distance betweon the electrodes and the potential drop in
the eleocbrolyte to determine and control the speed of passage of
the eloctrolyte in the field, so that, by composition of the
latter spoed with the speed of migration of the OH™ lons, tho
latber take such trajectorlies that the loweatd posgiblo numboer
of thom reach the anode, According to this result, on the one
hand, and, on the other hand, to the fact that, the solution of
sodlun hydroxldo and the chlorinc formed being removed from the
intorpolar space as they are formed, the formation of hypochlo=
rite takes placeo only outside sald space, the formatlon of oxygen

1s avoldod and consequently, as well, a useless expensc of cur~

~ront and the production of a detonating mixture with the hydro-

gon reosulting from the e¢lectrolysis,

Even this hydrogen may easily be separated from the
products of electrolysis after fixation of the chlorins in the‘
shape of sodiun hypochlorite,

The solution of hypochlorite is then poured into a
container wherc the transformation of the hypochlorite into chlo=
ratec 1s chomically effected, This transformation is all tho more
rapid the higher the temperature, The speed of the transformation

- L - 1,89 = 19 ~ 1560/52
"CHLORATE ELECTROIXTIQUE™




10

15

30

513590

is also promnotcd by addlng an acld,

The volunc of the container in which the operation 1is
effocted is caleulatod according to the duration of the trans-
formation and thc ratc of flow of the solution, in such a manner
that the lattor remains in the container over long enough a pe-

riod of tine for the rceactlon to be coffccted at the desired rate,

The solution of sodium chlorate and sodiun chloride
thus obtained 1s preferably again subjected, once or several
times, to thn scquence of operations according to the invention'
electrolysis, separate formatlon of hypochlorlite, transforma-
tion of the hypochlorite into chlorate, It is thus possible to
transforr the major part of the sodium chloride and to finally

obtain a solutlon with a high tonor in sodium chlorate,

The process according to the invention may be worked
by means of an apparatus comprising an electrolysls cell with
immersed electrodes, in dlrect comnmection with a reaction con-
tainer, the dimensions of which are so calculated that the pe-~
riod of time during vwhilch the products résulting from the elec~
trolysis romein in this container is sufficlently long to allow
the total fixation of the chlorine under the shape of hypochlo-
rite, This contalner 1s provided with means for evacuating hy-
drogen, and connected with a reaction tank so dimensioned as to
allow the substantially complete transformation of the hypochlo-
rite into chlorate to take place in said tuank, Means are provi-
ded for ensuring the cilrculation of the electrolyte inside the
olectrolysis apparatus and the container which follows 1t and

for evacuating the solution obtained in the reaction contalner,

The installation thus constituted may be deslgned for
ensuring a continuous re-cycling of the products issulng from
the reaction tank or again several similar installations way be

arranged 1n series, in parallel or in series-p&rallel

- 5 - 1,89 -].)_]J_L9~160/5
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The apponded drawlng shows an example of an embodinent

of such an apparatus,

Roferring to sald drawing, the apparatus for the produc-
tion of sodiw chloratc according to the invention, comprises an
clecﬁrolysis apparatus consisting, on the one hand, of an clec-
trolysis ccll comprising a tubular cathode 1 surrounding an anode
2, of graphitec for instencec, and, on the other hand, of a contal-
nor 3 arranged immediately above the cell, and in which the tubu~
lar cathodc 1 opens direcctly with the interposition of a sealing
gaskot, Tho coll is held, at its lower portion, in a base l which
coupriscs an inlet chamber 5 for the electrolyte, in communication
with the annular space provided betweon the cathode 1 and anode
2 and to which a levol indlecator 6 is connected, At the upper
prortion of the container 3, a tube 7 is arranged for the evacua-
tion of gases, Bclow the level of this tube T there opens, into
the containcr 5; an overflow plpe 8_connected, through a lovel
regulator 9, of a type known per se, wlth a reaction contalner
1o, _ _

4 level indicator 1l, connected with pipe 8, makes it
possiblc to control the liquid level in tank 10, The latter is
connected through an overflqw plpe 12 with a tank 13 from the
bottom of which a condult 1} extends, on which a motor driven
punp 15 1s interposed {(not shown), The condult 1h reaches a vat
16, placed higher than the electrolysis apparatus 1-3, A _conduit
17, 1ssulng from the lower portion of the vat 16 extends, through
a flowmeter 18, to the feeding chamber 5 for the electrolytilc
cell 1-2, Return conduits 19, 20, 21,to tank 13 are respectively
connected to pipe 8, vat 16 and conduit 17 and a level indicator
22 1s connected to conduit 1j, between pump 15 and tank 13, for
controlling the level therein,

- 6 - 1,89 | - 1560/52
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Mnally, thq apparatus comprises a heat exchanger, con-
sisting of a tank 2%, in which a circulation of & hot fluld may
bo set up by the pipings 2l; and which contains tube 25 connected
in serlcs, the first tube 25 belng connected throush a condult
26 with the conduit 12 connecting the tank 10 with the tank 13,
whilc the last tubc 25 is connceted with the upper portion of

tark 13 through a condult 27 on which a level regulator 28 is

interposed,

The initlal solution of sodium chloride, placed in the
tanik 13 is gent into the vat 16 by the pump 15 which keeps a
constant lovel for the solution inside sald vat, From_the‘vat
16, tho solution 1s directed to the electrolytic cell-1-2, the
clectrodes of which have beon placed under voltage, and it flows
through this cocll at o uniform speed controlled by thg adjuste
mnent of the flowwmetor 18! sald speed belng determined, in accor-
dance with the invention, so that there results from its comw
positlion with the mlgration speqd of the OH™ lons of cathode 1
towards anode 2, for these lons, such a trajectory that they do

not reach, on an average, sald anode 2,

The products of thc electrolysis, consisting of a S0
Jution of sodium hydroxide and chlofide whilch are not electro~
lytlcally decomposed, together with chlorine and hydrogen, then
flow through contalner 3, the dimensions of which are determined
as a functlon of the clrculation speed of the electrolyte and
of the rospective arounts of sodlum hydroxide'and ¢hlorine pro-
vlded by electrolysis, amounts which, in turn, depend upon the
intensity of the current, determined in accordance with usual
rules, as a function of the nature and size of the surface of
the anodo, in order that all the chlorine formed be flxed by

the sodlum hydroxide as hypochlorite,

- 7 - U89 - U9 ~ 1560/52
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The clcetrolysis gascs, other than chlorine, vhich

almost cxeclusively consist of hydrozen, arc cvacuated through
tube 7 whille thec hypochlorite solution recaches tank 10, The di-
nensions of the latteor arc calculated, as a function of the

5 flow of electrolyte through the clectrolysis apparatus, of the
speed of transformation of the hypochloritc into chlorate and
of the hypochlorite contoent of the solutlion issued from contal-
ner 3, so that thls hypochlorite may be transformed entlrely

Into chlorate,

10 The solution of sodium chlorate and sodium chloride
thus obtained flows constantly into tank 13, after having or

having not gone through oexchanger 23-25, according to whether

the valve 29 is closcd or not, said cxchanger making it possi-

% ble to control, at will, the electrolyte temperature, The conm
§ 15 tonts of tank 13 are then taken by pump 15 and the cycle 1s

% repeated,

] -

§ - When the solubtion, issuing from tank 10, has reached

g :

§ the dosired titratlon in sodlum chlorate, it may be evacuated _
i - through tap 31, and a new amount of fresh sodium chloride solu~
g 20 tion may be introduced at 30,

ATAP

Instead of providing for a re-cycling of the solution

of sodlum chlorate and chloride, several similar installations

might be arranged in series, the pump 15 of one installation

Al A A

delivoring, for instance, into the vat 16 of the next one,

25 The temperature at whilch the electrolysis takes place,
which may be adjusted by means of the exchanger 23=25, must be
compatible with the materlal which constitutes the anode 2,

If the latter 1s made of graphite, for instance, one
g may operate at temperatures which are all the higher the lower

30 the tltration of the solution in residual hypochlorite, supplying

- 8 = 1489 ~ U9 - 1560/52
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the clcetrolysis apparatus 5, One may thus reach 50°C, for

ocxanple,

The temporaturc in the reaction contalner 10 is gene=-
rally the sance as that of the solution issuing from contalney
3, nanely L0 to 50°C approximately, in the above considered
caso, The reaction temperature in tank 10 nay be raised, how-
over, by providing the latter with heating means so as to in-
croase the speed of roactlion which makes it pessible to decrease

the dinensions of tank 10,

_ The speed of chowical transformation of the\hypochlo-
rite, into chlorate incrocascs with the acidity of the solution
introduced into tanlz 10, but the residuc which cannot be trans~
formod into chlorato, which consists in hypochlorous acid in-
creascs at the same tine, A value rmust thus be calculsted of
established by experience for the pH of the solution in reaction
in container 10 making it possible to obtain the agreatest pos-
sible speed of transformation which is conpatlible with a minimum
of residue, The adjustment of the pH value of the solﬁtion may
be obtainecd by any known means, for instance by adding hydro~
chlorlic acid before the Introduction into tank 10, at 9 for ins-
tance, The volume of tank 10, or, in case this volume 1ls deter=
mined in advance, the rate of‘flow of the period of time during
which 1t remains 1n said tank, are then determined according to

the choice of this pH,

- Bven when the process according to the invent;on 1s
applied, there may occur a small loss in active oxygen,{ﬁue to
the decbmposition, with evolution of gaseous oxygoﬁ?)of the hyw
pochlorous acld present, This oxygen does not appear in the elecw
Erolysis gases but is formed inside the reaction tank 10, Thus,

there 13 no risk of oxplosion, Beslides, an accurate adjustment

- 9 = U89 w 14)49 - 1560/52
"CHLORATE EIECTROLYTIQUE™




A e S LA N A AR S LN S NI S el s

lo

15

20

518590
of the pH, as sct forth above, makes it possible to avold this
loss,

By way of ciample, an apparatus has been uséd, éimi-
lar to the onc described above, in which the cathode fi—hnode
2 assecubly had a height of 6l cms and an 1ntcrpolar‘distance
of 1 cu, with a graphitec anode having a 6 cn diametgr.~The cur=-
rent applied was of 36 amperes, The various calculation princi-
ples stated above led to a minimun flow of;electrolyte of 2 11-
tres per hour, Howveover, in order to take into account the dis-
turbances causcd by the evolution of gas in the electrolyte sub=-

jected to electrolysis, a flow of 10 1itrus per hour was adopted

With such a rate, 1t was necessary, bo ensure the fixa-
tlon of all %the cblorine, as hypochlorite,«to use a container
2 having & dianetor of 10 cusand a length of 6l cms, and, for
tranaformning 9/10 of the hypochlorite thMqubta;ned-into chlo=
rate, to adopt a reaction tank 10 of 50 ;itfes, keéping inside
the latbter a temperature of LO°C and an average pH of 7,5.

These condltlons belng applied, a yleld in current of
9¢ % was obtained, after a long operation, under an average vol-
tage of 2,9 V and & power consunption of 5 kwh per kllogram of
NaClo, produced in solubion,

3
The electrolysls gases collected had the followlng
compositionA:
~ Hydrogen ... 98,5 %
-~ Carbon diloxide ... 1%
= OXYLEN wvivivvereninianene 045 %
- 10 = - U9 - 1560/52
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WHAT I CLATIM IS 3

1. A mothod for the production of sodium chlorate by
electrolytic rcans, conprising the steps of setting up a poten=
tial difforcnce botwoen an anode and a cathode, clrculating a
sodiun chloride solution between sald anode and sald cathode
and in contact with sald anode and sald cathode, whereby a so-
diwm hydroxide solution, chlorine and othor gases, conslsting
primarily of hydrogen arc produccd by eledtrolysis, vhereas
OH~ions arc formed at the cathode, the clrculatlon speed of the
sodiwz chloridec solution being sufficiently high so that sald
OH ions formed at the cathode cannot, on the average, reach the
anodo, maintaining in conbact, outside the space bebtwecen sald
anodc and sald oathode, sald solutions of sodium hydroxide and
chlorinc, over a period of time which is sufficlently long in
ordor that the sodlum hydroxidc should fix all the chlorine
present, thoreby obtalning a golution of sodium hypochlorite
and sodiun chloride, then of causing sald solutlon to rest over
long onough o period of time and at high enoﬁgh a temperature
for sald hypochlorito to he transformed into chlorate by choml-

cal means,

2. A method for the productlion of sb&ium chlorate by

olectrolybic means, comprising the steps'of settlng up a poten-

t1al daiffercnce betweon an anodo and a cathode, of circulating

o sodiun chloride solutlon between sald anode and sald cathode
and in contact with said anode and saild cathode, whereby & so-
diun hydroxidc solution, chlorine and othor gases, consisting
primarily of hydrogen arc produced by eleotrolysis,‘whereas

OH~ ions arc formed at the cathode, the circulatlion speed of
tho sodiurn chloride solution being sufficlently high so that

sald OH ions formed at the cathode cannot, on the average, reach

- 11 - B9 -~ 119 -~ 1560/52
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the anode, of naintaining in contact, outside the space between
said anodc and sald cathode, said solutlons of sodium hydroxlde
and chlorinc, ovor a period of tinc which is sufficiently long
in order that the sodlun hydroxide should fix all the chlorine
prescnt, thereby obtaining a solution of sodium hypochlorlte _
and sodiun chloridec, of climinating gases other than chlorine,
resulting from the clcetrolysis, then of causing sald solution
to rest over long cnough a period of time and at high enough

a temporature for sald hypochlorite to be transformed into chlo=-

rate by chomlcal means,

Be ik metbod for the production of sodium chlorate by<
electrolytic meons, conprising the steps of setting up a poten-
tial difference betweon an anode and a cathode, of circulating
o sodiun chloride solution between sald anode and sald cathode
and 1n contact with sald anode and said cathode, whereby & so-
diwa hydroxidc solution, chlorinc and other gases, consilsting
primarily of hydrogen are produced by electrolysis, whereas
OH- ions are formed at the cathodoe, the circulation speed of
the sodiun chloride solutlon belng suffic;ently high so that
sald OH lons formed at the cathode cannot, on the average, roach
tho anode, of malntaining in contact, outslde the space between
sald anodc and said cathdde, galid solutions of sodlum hydroxlde
and chlorinc, over a period of Hime wanlch 1s sufficlently long
in order that the sodium hydroxide should fix all the chlorine
present, thereby obtaining a solutlion of sodiwn hypochlorite
and sodium chloride, then of causing sald solutlon to rest over
long enough a period of time and at high enough a temperature
for said hypochlorite to be tronsformed into chlorate by choml-
cal mcans, while adjusting the pH value of the hypochlorlte to
the valuc which is neccssary for obtainlng the greatest trans-

- 12 - 189 -~ 1U4l9 = 1560/52
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formation spocd corpatible with the formation of a minlrum

amount of hypochlorous acild,

Lhe 4 nethod for the production of sodlum chlorate
by olecctrolytlc ucans, counprising the steps of gsettlng up a
potentlial difforcnce between an anode and a cathode, of circu~
lating a sodium\&hloridc solution betweon sald anode and saild
cathodc and 1in éontact wlth said anode and sald cathode, where-
by a sodiun hydroxide solution, chlorine and other gases, con-
sisting primarily of hydrogon arc produced by electrolysis,
whereas OH™ ions are formed at the cathode, the cilrculation
spced of the sodliun chloride solubtion being suffiqiently high
so that sald OH lons formed at the cathode cannot, on the ave-
rage, roach thce anode, of malntalning in contact, outside the
space between sald anode and sald cathode, sald solutlons of
sodiurt hydroxide and chlorine,over a period of time which 1is
suffilclently long in order that the sodiun hydroxlde should fix
all the chlorine present, thereby obtaining a solubion of so=-
diun hypochlorite and sodium chloride, then of causing sald so=-
lution to rest over long enough a period of time and at high

enouzh a temperature for sald hypochlorite to b> transiformed

into chlorate by chemlcal means, heat belng dellvered from the

oubtsidc to the hypochlorite during this transformatlon,

5. & method for the production of sodium chlorate byA
electrolytic means, conprising the steps of setting up a poten=-
tlial difference bebtween an anode and & cathode, of circulating
& sodiuwn chloride solutlion between sald anode and sald cathode
and in contact with sald anode and gald cathode, Whereby a 80w
diuwm hydroxide solutlon, chlorine and other gases, consisting
primarily of hydrogen are produced by electrolysis, Whereas

OH" lons are formed at the cathode, the circulation speed of

- 13 - U89 = 119 - 1560/52
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the sodiwn chloride solutlon being suffic;ontly high so that
said OH ilons formed at the cathode cannot, on the average,
reach the anode, of maintaining in contact, outside the space
between sald anode and sald cathode, sald solutions of sodlum
hydroxidce and chlorinec, over a period of tine which is suffi-
clontly long in ordcr that the sodium hydroxide should fix all
the chlorine prosent, thereby obtaining a solution of sodlun
hypochloritc and sodiwna chlorlde, then of causing sald solution
to rest over long enough a period of time and at high enough

o tenperaturc for sald hypochlorite to be transformed into chlo-
rate by chemlcal neans, thereby producing a solution of sodiun
chlorate and sodiun chlorlide and of finally re-cycling sald

chlorate and chloride solubtlon,

-~ 14 - 149 ~ 1489 ~ 1560/52
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