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COM.PLE.TE ‘SPECIFICATION.
Improved Manufacture of Chlorates of Alkali Motals.

I, Awrnor Enwarp Gisss, Chemist, “of ‘Wayne, in the County of Wayne,
State of Pennsylvania, United States of America, do hereby declare the nature
of this invention and in what manner the samie is to be performed, to be
pmtlullallv described and ascertained in and by the following statement:—

My present invention is designed to pmv;d(, a sunple and highly eﬁicmnt
method of producing chlorates.

“«The- electrolytic part of- my present method takes place in a cell such as is
uséd_for the production of aikali and clilorine.: The chlorine is removed from
the ‘ancde compartment and combined with alkali outside of the cell. ' Some
or all of the chloratc and ‘chloride formed from this combination is returned
to the anode compartment of the cell and is allowed to pass through to the
cathode compartment when it again becomes strongly alkaline and is ready to
absorb more chlorine, thereby increasing its chlomte content. The chlorate 13
separatéd as herelnafter described,

-[1i- the accompanying drawing I have illustratesl diagrammatically, one
apparatus for carrying out my invention; namely, an electrolytic cell 2, such
as is used for the prodyction of caustic dlkdll and chlofine and avhich may: be

"6f thé mercury, diaphragm-or other ‘type. 1-find, however, that the type of

‘cell *described in Specifications Nos: 27,830 of 1907 “and 28,147 of 1908,

partic ular]y efficient for tliis work by reason of the large space for anode hquor
as compared with the volume ocoupled by the anodes. Furthermore, the dia-
phragm ‘used in:‘this cell prévents contamination of the. chlorate w ith carbon-
aceous- matter resultlng from breaking. down or dlSlnteglatmn of the anodes.
1 have accordingly illustrated a cell of- thls type at 2 in the accompanying
diawing, which' 1s o diagy ammatic * v1c“ of“one form of apparatus suitable for
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Improved Manufacture of Chlorates of Alkali Meials.

carrying out the invention. 3 designates the anodes, 4 the perforated sheet
metal cathode and 5 the diaphragm. - 6 is the elevated cup conuected with

the interior of the anode chamber by the feed pipe 7.

" The outlet pipe 8 from the cathode compartment of the cell leads through
a suilable pump 9 into a tank 10 provided with a suitable agitator 11. The
tank 10 has an overflow connection at 12 into a settling tank 13. The tank 10
is also preferably provided with a bottom draw-off 14, and the tank 13 is shown
as having a similar bottom draw-off 15. The upper portion of the setiling tank
is connected by a pipe 16 with the upper portion of an absorption tower 17.

18 is an off-take connection from said tower leading to an exhaust fan at 19.
" The tower 17 discharges at the bottom into-a solution iank 20 which is con-
nected by a pipe 20a with another solution tank.206 having a syphon connec-
tion 21 with the feed cup 6. 22 is an overflow pipe for the cup 6 leading into
a tank 23 which is connected back to the tank 20/ through a pump 24 and
pipe 25. 26 is a pipe leading from the top of the anode chamber of the cell 2
into the lower portion of the tower 17. : L BT

When sodium chlorate is the product desired, the method may be started
and carried out as follows:— : :

A solution of sodiumn chloride is supplied to the feed cup 6 from whence
it passes into the anode compartment of the cell 2 and is electrolysed. The
caustic or cathode liguor is drawn from the cathode compartment of the
cell by means of the pump 9 and flows into the tank 10, from which it over-
flows into the tank 13, and thence to the tower 17. In passing through this
tower it meets an ascending current of chlorine gas delivered from the pipe 26
from the anode compartment. Hypochlorite of soda is formed and this is con-
verted into chlorate by the excess of chlorine which exists near the bottom
of the tower. If the conversion to chlorate is not otherwise complete, artificial
heat may be supplied in any suitable manner. In the event of any wuncon-
verted hypochlorite passing into the tank 200 and thence to the cell 2, it is
immediately oxidized in the anode compartment of the cell. The overflow
from the feed cup 6 falls into the tank 25 and is returned by the pump 24
to the tank 2006. During the operation sedium chloride is supplied to the
tank 10 to keep the solution saturated to as high a degree as is practicable
with that salt. After the liquors have circulated through the system a number
of times, the chlorate gradually increases in amount and the liquor is then
removed and concentrated for the recovery of the chlorate. The salt which
separates out can be returned to the system. - N

The alkaline liquor coming from the cathode compartment of the cell con-
tains, in solution, sodium chloride, sodium chlorate, caustic soda and some. car-
bonate of soda. The electrolyte in its passage through the cell has been
depleted of some of its sodium chloride and this loss is made up by the addition
of more sodium chloride to the tank 10, as before described. A convenient way
of getting this sodium chloride into the solution is by means of the agitator 11I.
The grade of salt usually employed for this work does not dissolve to a clear
solution. It also usually contains some calcium, and magnesium salts.. This
is precipitated in the tank 10 by the caustic and carbonated alkali. Some of
this sediment or precipitate settles out at the bottom of the tank 10 and the
remainder passes on to tank 13, in which it settles. These precipitates are
drawn off at 14 and 15.

The precipitation of the lime or magnesia salts, which are usually present
in the chloride salts, added to the tank 10, is at the expense of some of the
caustic or carbonated alkali present in this tank. The result of this, together
with the removal of the chlorate from the solution at the bottom of the tanks 10
and 13 is a deficiency of the alkali with respect to the chlorine produced in
the cell, so that there is a sufficient excess of chlorine present in the absorp-
tion tawer 17 to effect the eonveision of hypochlorites to chlorates in said
tower. If a pure chloride should . be added in the tank 10, the excess of
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Improved Manufacture of Chlorates of Alkali Metals.

chlorine would be maintained by -withdrawing some alkaline liquor at either
14 or 15. S R IR ;

Potassium chlorate can be conveniently made by using a potassium chloride
electrolyte, or a mixture of potassium and sodium chloride 1n solution, or by
adding potassium chloride to the sodium chloride clectrolyte above described.’
Double decomposition between the sodium chlorate and potassinm chloride takes
place and the less soluble potassium chlorate separates out. C

The chlorate of potash may be removed either at 14 or 15. It is in the
form of a sludge, and may then be purified in any usual way, as by placing
it in a centrifuge to separate the caustic’ liquor from tihe.chlorate and from
the insoluble mud precipitated from the commercial chloride which is added -
at this poini. The sludge can then be puritied by re-dissolving, settling and
crystallizing or concentrating by well known methods. While drawing the
sludge off at 14, connections may be made so that the liquid from pump 9 will
go direct to tank 13. Similarly, when the sludge is drawn off at 15, the liquid
may be passed directly from the tank 13 to the tower 17 by any suitable con-
nection. The operations for either chlorate of soda or chlorate of potassium
are generally similar, except that-in the case of the former, it being very
soluble, does not crystallize in the vessels 10 or 13, but inust bé drawn off and
concentrated. The sodium .chloride which separates out first can be returned
to the system. By circulating the liquor through the cell a number of times,
the proportion of chlorate to chloride is greatly incrcased, and the solution
going to. the concentrators can thus be made to contain more chlorate than
chloride. As the reaction between, . caustic and chlorine to produce chlorate is
such that five molecules of chloride are produced-to one molecule of chlorate,
thiz feature is of great importance. The necessity of handling a large amount
of chloride for a small production of chlorate has caused the commercial .
abandonment of many other methods which have been tried. _

-+ It is' obvious that many changes can be made in the apparatus used and in
the details of the method- described, without departing from the spirit and

. scope of my invention, as defined 'in the appended claims. Thus, instead of

35

one absorption tower, several, may bc employed, and the chlorate may be
removed from the liquor atany desirable point in the systom. '

- If it is desirable to use the strong chlorine produced in the cell for purposes
other than chlorate such as for making liquid chlorine, I can replace the

. amount so used with chlorine from another source or produced by chemical

40

means. But whatever the source of the alkali and cklorine, I prefer to supply
these to the system outside of the cell in such propertions that the chlorine

"is in excess, the chlorate and chloride thus produced being returned tc the

electrolytic cell. 1f a mercury or gravity type of cell is used, I prefer to

_ filter or thoroughly settle the liquors contalning the chlorate, in order to avoid

the danger caused by-the presence of carbonaceous matter in the chlorate. If
a cell is used with a mercury cathode, some or all of the solution containing
chlorate and chloride is allowed to pans to the cathode compartment, prefer-
ably from the anode compartment, where it is decomposed by the sodium in
the mercury, forming caustic soda and hydrogen, the chlorate being substan-
tially unaltered.

Some of the advantages resulting from my invention are as follows:— :

The operation can be carried out at a temperature considerably in excess,
of 40° C: without causing undue corrosion of the electrodes. .

As the conductivity ¢f wet electrolytes increases with the increase of tem-
perature, the cell can be run at a lower voltage at the higher temperature. The
addition to the electrolyte of chronic acid or its salts can be dispensed with,
if desired. Power efficiency exceeding fifty-two per cent. of the theoretical
efficiency- can be obtained, assuming the decomposition voltage of sodium
chloride to be 2.02. volts. ‘ .

When carbon or graphite anodes are used in connection with a diaphragm
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cell cunfammatlon ot ‘the chlorute with caxbgngacemm mattgr is - prevented
'lhe gnndmg of chlorate is attended wifh considerable danger; and this dapger
is. gredtly increased if, carbonaceous -matter is, present.-  -Lhe d1aph1agm being
an excelient filier wmoves from the - v.vstem all of tlie carbrm or graplute whlch
disintegrates from, the electrodes.

The removal of the chlorate from the electmlyte is- 'xccompnshed wxﬂwut
dlsengagmg or-losing chlorine and ;without discomfort -te--the, workmen:. This
is because the chloxate is reimoved from the system ai a point, ‘between::the
e ectrolysmg apparatus and - the .ubsorptlon chamber where. there.is no chlorine
present- and ﬂle strong’ alkaline liguor .is free from odox .or corrosive. actum oD
1ron.

“‘I'he.. qoluhon contalnmg chforate bemg strongly alkalme and substantlally
frée from “hypochlorite, entails less.expense fon apparatuq and the problem.of
handhng voohng, heatmg and - concentratmg these hquom s s1mp11hed to -a
considerahle"extent. C ey
The usé of an alkali chlorine cell akes negllglble 1he loqs of- eﬂimc,ncv
caused by. the reducing action of the llydrogen, the c¢hlorate subjected. to. the
action' of nascent hydroo'en bemfr always in the. ca.thode (ompartment -and
stlongly alkaliné. ‘Chlorate is not reduced. to any dppreemble extent by naseent
hydrogen if the solution is alkaline. '

The loss of° eﬂicxency which occurs jn chlorate cells W1th secondary elee~

YRR,

trodes,_«lue to ‘the jumping of the current ar¢und some o;E the electwdes ig

avmded in ‘my ‘improved method.

Havmg now particularly described and" asoertamed the nature qf my émd
mventmn and:in' what manner the sanie ‘is to “be performed, I' declare that 'L

am aware -of Spec1ﬁcahons No. 6417/1887 and No. 2987/1.603 and I do not
. elaim anythmg claimed therein, but what I clalm is: —l L

.. 1. A process of making a chlorate- salt, wmch consmts 11} electmlysmg a
¢hloride solution, bringing the alkaline 11quor from the cathode compartment-of
the electrolysmg apparatus into, contact with an- excess of-chlorine, outside .of
the anode and cathode compaxtmentrs of ‘said apparatus,- returning: the .chlorate-
contaihing solution to ‘the said appatatus, and- ‘yemoyipg: chlorate from -the
alkali liquar at a point Letween toe- eleotxolysing apparatus and hhe absorp-
tion chamber.
2. A process as. elauned in. Llanxn 1 An wlu(,h a fresh supply of chlbrlde 1s
mlxed with_the solution during,the. reptated operations. ... .

- 8:.A process of making a-chlorate salt.‘as.claimed in Claim Ll i whlch the
quantlty of the produced alkali passing to the. combmmg chamber is diminished
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relatively to the amount of chlorine.. to. themby mamtam an excess of .chlerine -

in the combmmg chamber. .

4. A process of making a chlorate salt, (,onsu.tmg in ele_c.tmlyzmg a chlonde
solution to préduce chlorne and. an alkall discharging - the alkali solution from
the cathode compartment of the- electxoly/mg apparatus and the chlorine. froui
theé anode compartment of the electrolyzing apparatus, :adding fresh. chloride
to the alkali. solutwn, and then bringing the: solutlon into- contact W1t11 the
chlorine to produce a chlorate liquor.

5. A.process of making a chlorate salt, as claimed- in Cldim 1 in which a
diaphragm cell having carbon or gmplute anodes is used for electroly/mg the
chlonde solution.

A process of makmg a chlorate salt wh:tch cohisists in electrolymng a
solutlon containing ‘both a chloride : and  a ehlmate the major portion ¢f the
chlorate _passing to the cathode com. artment of the electrolyﬂng apparatus

without change, and. the chloride being electrolyzed tiherein to form chlorine .
and, a_caustic alkali, conducting the chlorine to an absorption chamber; .add- "

ing fresh chloride to the alkaline solution discharged from the cathode CHM-
Partment of the: electrolyzing apparatus, and then bringing. the alkaline: Jiquor
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into contact with the chlorine, and removing chlorate from the system at a
point between the electrolyzing apparatus and the absorption chamber.

7. The process of making a chlorate salt substantially as described with
reference to the accompanying drawings.

b] Dated this 21st day of September, 1915.

BOULT, WADE & TENNANT,
111 & 112, Hatton Garden, London, E.C.,
Chartered Patent Agents.

-

Redhill: Printed for His Majesty’s Stationery Office, by Tove & Malcomson, Ltd.—1916.
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