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Periodic actd was first introduced as & reagent for
the oxidation of 1,2-glycols by Malaprade in 1928 but its
application tor industrial purposes was limited by its
bigh cost. The clectrolytic preparation of dialdehyds
starch was studied later by C.L. Mebltrefter using jodic
acid 10 the electrolytic cell 1tseli wherein the periodate
was conbinuously regenerated in sifu.

It has now been established by us that single step
process gives very paor current efliciency for comtrnuoue
piocesses and two-Stage process s more economical for
electro-organic oxidations in gencral using 1norganic Ye-
agents. Recently, Pleifer and his co-workers have deve-
loped such a two-stage process for the production of
dialdehyde starch, employing  periedic acid (periodate)
prepaied electrolytically from erude iodine.  Hewever,
Pleifer’s process suffers from the following defects:

1) The proper cheice of the diaphragm and the
petiodic replacement, of the diaphragm.

2} The loss of 10date ion due to the inflwence of
of Electro-osmosis.

8 The ueutralisation of the iodic acid with NaOH
solution before reacting with starch.

4) The corrosion of anocde during oxidation leading
to the need for subsequent replacement of
anodes.

The abovementioned difficuities and obstacles are easily
avoided by the modifications and improvements now effec-
ted by us in the process by the technique of using swit-
ably shaped mickel plated metal (iron or copper) cathodes
covered by sshestos fibre only or any other siritable mate-
rial and by using electrodeposited lead dioxide or lead dis
eade electrodeposited over graphite er earbon {as in Indian
Patent Na, 66,195} as anodes or lead or suitable lead alloy
as anodes, Henhce the present process is superior te the
process hitherto described im literature, since it net only
minimises the anode corrosion when electrodeposited lead
dioxide anode is employed but also eliminates the addi-
tional expenses incurred in meintaining a separste czthode
chamber and then of neutralising the anolyte with
godium hydroxide soltiion from catholyte before reacting
with starch.

By cmploying & closely fitting diaphragm on #he
enthode as Jescribed above only build up of hydroxyl ion
concentration in the pores of the diaphragm oceuwrs which
readily mizes with the anolyte. Adverse polential gradi-
ent in the pores of the Jiaphragm is thus sufficient to
prevent the reduction of fedate ion. DHaphragm used in
this way iz very effective and does not cause an excessive
IR drop or polarization potential

Pfeifer’s process employs cornstareh as the raw mate-
rial whereas we utilise indigencus tapioca starch as the
raw material which is svailable in plenty in XIndia. The
process has alse been tried for maize starch.

The process now developed corsists in, first preparing
a concentrated solution of lodic acid by olectrolytic oxida-
tion of lodine or sodium iodide, using either graphile
or electrodeposited load diexide {over graphite or carbon
subsirates) as ancodes and secondly owidising the iodig
acid to periodic acid at a lesd dioxide anode (firat stage).
The periodic acid solution thus obtained was then veacted
(second stage) with tapioca starch outside the cell to be
exidized to polymeric dialdehyde starch. After the reac-
tion was complete, dialdehyde starch was removed from
the electrolyie and washed thoreughly so thet the spent
eloctlolyte (containing fodic acid)y was recyoled through

the electrolysers for the regeneration of periodic acid.
The process 1s deseribed in detall in the following pars.
graphs.

Ozidation of iodee o pertedie aeid:

Todic acid was oxidized to perindic acid in an electro-
Iytic cell fitted with lead dioxide anodes and nickel-plated
iron cathodeg covered with asbestos cloth or ropes. When
lead droxide formed over lead was used as anode, the
anode loss was about 2 to 2.5 g for 100 amp-hr and 1.62
g for 19 silver-lead alloy, whereas the anode loss was
about 02 io 0.3 g for 100 amp-hr by using lead dioxide
eloctrodeposited on graphite as anode. The anodes and
cathodes were mounted on a wooden suppert using a glase
container as cell. Pre-eleciroiysis wsing the anode mas
been found toc be important hefore the commencement of
electrolysis, The eloctrolyte was agitated occasiomally by
sn air-blower device. The concentration of iodic acid was
kept between 2.5 to 10 percent hut a solution of 10% eon-
centration could give the raaximum current efficiency and
yield. The temperature of oxidation could vary from 24-
45°C. but a temperature of 35°C. was employed for most
of the experiments. A onrrent density of 25 amp/dm® to
5.0 amp/dm? could be employed. A cnrrent efficiency of
80% and an yield of 949 periodate was obtained by using
& prepolarised lead dioxide formed over lead as anede and
a pretransformed deposited lead dioxide ancde (with gra-
phite substrate) was found to give as good current effi-
biency as lead dioxide formed on lead itself, A guantita-
tive conversion of iodic acid 1o periodic acid was obtained.
After removimg the suspended impurities, the periodia
acid in the electrolyte was estimated and the solution
pumped fo the oxidation tank.

Oridation of Tapivcea stareh by periodic acid:

Hard rubber buckets provided with glass cooling esils
and air-blower deviee for agitation was uszed as oxidstion
tank, Oxidation could be carried out at 20°C. to 35°C.
the duration of oxidation heimg reduced at higher tempe-~
ratures. The mole ratie of periodic acid to tapioea starch
was varied frem 1.0 to 1.25 and & mole ratic of 1.10 was
found quite suwitable for the purpose. The pH of the
oxidant could be varied in the range T to 3.5, but a pIR
of 2.0 to 2.5 was found to be optimum. Keeping the mole
ratio of periodic acid o starch as mentioned above, the
concentration of periodic acid conld be varied from 2.5 to
10% but a 9% solution at a temperature of 35°C, was
found v be advantageous. The required quantity of
%apiota sterch was added and agitated by blowing sir into
%he reactor. After the reaction was over, the oxidised
starch was sllowed to settle for about 2 hours and the
cloar supernatant liquid was syphoned to the electrolyser.
The remaining slurry was filiered under guction or eentri-
fuged and washed well with water, The filtrate was collect-
ed and returned to the electrolyser for regenerstion and
the disldehyde starch was dried in air. An overall eurremt
efficiency of T5% was obtained with a dialdehyde content
of 82% in the product and am energy consumpiion of 5.1
kw-hr per kilogram of dialdehyde starch.

The prosence of organic impurities in the spent electro-
Ivte decreases the current efficiency for the regemeratiom
of periodic scid. The spent purified electrolyte only i=
reciroulated for regeneration of periodio scid.

Exzaseree
€2} Jodine to iodis acid (lodide to Yodate) .

150 g of sodium iodide or 127 g of iodine slong with:
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40 g of godium hydroxide was dissolved in 750 co of dis
tilled water containing 1.5 g of sodium or putassium chro-
mate. When lead dioside formed on lead was used as
anode, 25 g of sodium sulphate was added to the above
eolution, Either lead dioxide on lead or elsetrodeposited
lead dioxide over graphite could be employed as anode.
Btainless stee! was used as cathode. During the oxidation,
the temperature was kept between 40-45°C. and the pH
was in the range of 89.5. A current density of 7.3
amp/dm? (in the case of lead dioxide on graphiie, 25
amp/dm?® was employed aund after passing 85% of the
theoretical current required (136 amp-hrs) the whole solu-
tion was ocooled to the room temperature (30°C.) and the
separated needle shaped erystals washed well with distilled
water and dried. 97 g of sodium iodate crystallised out:
and 85 g wes obtained in the mother liguor and thereby
a comversion efficiency of 82% was obtained. The mother
liquor was preserved for subsequent runs.

(b Todic acid to Perwdic acid (Fodate to Perindate):

(i) 200 g of sodium iodate was dissolved in 2 1 of dis-
tilled water containing 23 g of sulphurie acid. The pH
of the electrolyte was 2.5 to 3.0 and the temperature was
kept at 35-40°C, Lead dioxide was used as anode snd
mekel plated iron cathode covered hy ashestos Tope was
used as cathodes. No catholyte was used, The ancdic
current deusity was 5 amp{dm2. 180 g of periodie acid
was obtained with s.current efficiency of 50% for a 90%
Field. i

(i) lodie acid to Periodic acid {use of :Nyhm dia-
phragm); 20 g of sodium iodate was dissalved in 200 cc of
distilled water contsining 2 g of sulphuric scid. The pH
of the electrolyte was 2.5-3.0 and the temperature waas
kept at 30-35°C. lLead diozide was used as anode and
stainless steel covered with nylon ¢loth was vsed as
exthodes. No scparate cathode chamber was used. The
anodic current density was 5 amp/dm? 17.9 g of sodium
periodate was obtained with a curtent efficiency of 38%
for a 83% yield. )

(iii) Todic acid to periodic acid (Use of nylon wilh
asbestos diaphragm): The eonditions are the same as des-
cribed in (ii}. The cathodes were first covered with aghes-
tas and then nylon cloth was tightly fitted over it. 184
g of sodium periodate was obtained with & current effi-
ciency of 42% for 859 yield.

(o) Ozidation of tapioea starch by periodic acid (Periodate):

276 g of periodic acid diluted to 3 litres was cooled to
30°C, and the pH adjusted to 2.5. Then 275 g of tapioca
etarch (10% moisture) was added in portions with agita-
tion. After the completion of the oxidation (4 hours), i%
was allowed to settle and the supernatani liqror was
pumped to the electrolyser. During oxidation, periodic
acid was converted to iodie acid. Then the sludge was
centrifuged and washed well with distilled water. The
dialdehyde starch wag dried in air and powdered. 230 2
of dialdehyde starch with a dialdehye content of 829 was
obieined. The wash water after concentration, was send
to the electrolyser for the regeneration of periodic acid and
ah overall current effiicency of 77% was obtained for
disldehyde starch formation. The experiments were con-
tinued with the same electrolyte and in the second, third
and fourth runs, 252 g, 250 g, and 220 g of dieldehyda
starch was obtained giving overall eurrent officiency of
75%, 74.8% and 65% respectively.
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The following sre the special foatares of the process:

1) A process for the preparation of dialdehyde staich
In two stages consisting of omdimsing the taploca starch
or other starch materials with periedic acid obtained in
the first stage by the electrolytic oxidation of rodic acid
in & cell containing essentially s cathode closely w:apped
with asbestos cloth or rope or any other suitable ma.erial
and an anode of lead dioxide either formed.on lesd or
lead alloys or electrodeposited to suitable sizes.

(2) A process ss above in which iodic acid for the
preparation of periodic acid is prepared by eleatralylic
oxidation of indine using graphite or lead dioxide formed
on lead or lead alloys or electrodeposited lead dicxide
as anodes and using stainless steel as cathode.

(3) A process as in (1) wherein the iodic scid is oxidized
to periodic acid using lead dioxide formed on lead ar
lead alloys or lead dioxide electrolytically deposited qn
graphite, carbon or any other suitable substrate or [éad
dioxide deposited to suitable sizes as anodes,

{# A process as in (1) wherein stainfess steel, irom,
copper, nickel or nickel-plated metals wrapped with ashbes.
tos rope or cloth as cathodes.

(5) A process as in (1) wherein a current density of
I to 10 amp/dm® hut preferably 5 amp/dn? and tempa-
rature range of 30-45°C., hut preferably 85 to 40°C. and
& pH of 1 to 4 but preferably 25 to 3 are employed s0 as
to obtain quantitative conversion of iodic acid to periodie
acid n the first stage.

(6} A protess as in (1) wharein the solution of periodio
acid obtained in the first stage from the olectrolytic cell
is allowed in the second stage to react with either tapi wa
starch or any other starch material by agitation in a
separate reactor.

{7} A process as in (6) wherein the oxidation of starch
is carried out at a temperature of 20 to 35°C. bui prefer-
bly at 25°C,

(8 A process as above wherein a mole ratio of starch
to periedic acid of 1 to 1.5 is used for the oxidation re-
action.

{3) A process as in (8) wherein the pH of the periodiag
acid during oxidation of starch is kept within the
of 1 to 35 but preferably at 25

(10) A process as above wherein the correspondiog dial-
dehyde starch formed is recovered by centrifuging or flira-
tion under suction and washed well with water to free
the product from electroiyte.,

{11) A process as referred to above wherein the process
of oxidation of iodine to periodic acid in the first

Tange

- . I cfage,
oxidation of tapicca ctareh or any other starch to dialde-
kyde starch in the second stage and the regeneration of

Periodie acid from jodie scid followed by
tion of further amount of
practical acale,

_ (12) Produstion of dialdehyde starch by oxidation of
either tapioca starch or any other starch by perindic acid
Eéepared according to the process as hereinbefore deserih-

. (S
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subsequent oxida-
starch is made eyelic on a
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This invention relates to improvements in or relating

to the two stage electrochemical production of dialdehyde
starch from starch.
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It has now been established by us that single atep pros
cess gives very poor current efficiency for contindious pro.
ceases and two-stage process is more econcmical for electro.
organte oxidations in general using inorganic reagents.
Recently, Pfeifer and his co-workers have developed such
s twostage process for the production of dialdehyda
starch, employing periodic acid (periodate) prepared elec.
trolytically from crude iodine. However, Pfeifer's process
sufiers from the following defects:

1) The proper choice of the diaphragm osnd the
periedic replacement of the diaphragm.

2) The loss of wedate ion due to the influenee of
electro-osmosis.

3) The neutralisation of the iodic acid with NaOH
solution before reacting with starch.

4) The corrosion of anede during oxidation leading
ta the need for subsequent replacement of
anodes,

The abovementioned difficulties and obstacles are easi-
1y avoided by the modifications and improvements now
effected by us.

Aceording to the present invention, the process for
the electrochemical production of dialdehyde starch by (i)
the electrolytic oxidation of iodic acid to periodic acid
{first stage), followed by (i) oxidation of tapioca starch or
like starch material by periodie acid (second stage) is
characterised in that the electrolytic oxidation of iodie
acid s carried gut in a cell in which lead or 1% lead-silver
alloy on which lead dioxide has been formed or electro-
deposited lead dioxide having graphite or carbon substrate
or without a substrate, are used as anodes, and cathodes
clozely wrapped with asbestos cloth or rope or nylon cloth
are used.

The iodic acid for the preparation of periodic acid
iz prepared by electrolytic oxidation of iodine using lead
dioxide formed on lead or lead alloys or electrodeposited
lead dioxide as anodes and using stainless eteel as cathode.
Alternatively. iodic acid is prepared by electrolytic oxida-
tion of jodine using graphite anode and using stainlesa
steel az eathode.

Thus iodic acid is oxidised to periodic acid using lead
dio cide formed on lead or lead alloy or lead dioxide electros
Irtically deposited on graphite or carbon substrates or
deposited lead dioxide from  which the substrates have
been removed, as  anodes; and stainless  steel, irom,
nickel or nickel-plated copper, nickel-plated iren or mickel-
plated brass wrapped with asbestos cleth or rope sre
nsed as cathodes.

A current density of 1 to 10 amp/{sq.dm. but preferably
& amp/=q.dm. and a temperature range of 30-45°C. hut
preferably 35-40°C. and a pH of 1 to 4 but preferably 2.5
to 3 are employed to obtain quantitative conversion of iodio
acid to periodic acid in the first stage.

The solution of periodic acid obtained in the first stage
from the electrolytie cell is allowed in the second stage to
teact with either tapioca starch or any other like starch
material by agiiation in a separate reactor. The oxidation
of starch is carried out at a temperatnre of 20 to 35°C,
but preferably ot 25°C. A mole ratio of starch to periodio
acid of 1 to 1.5 is used for the oxidation reaction., The
pH of the periodic acid during oxidation of starch is
kept within the range of 1 to 3.5 but preferably at 2.5.
Dialdehyde starch formed is recovered hy centrifuging or
filtration under suwetion and washed well with water to
free dialdehyde starch from electrolyte.

The proceds of oxidation of indine to periodic acid in
the first stage, oxidation of tapioca starch or any other
like starch material to dialedehyde starch in the second
stage and the regeneration of periedic acid from iodio
acid followed by subsequent oxidation of further amount
of starch can he made epclic.

The present process is superior to the processes hitherto
described in Iiterature, since it mot only minimises the
anode corrosion when electrodeposited lead dioxide ancde
is employed but also eliminates tha additional eXpenses
incurred in maintaining a separate cathode chamber and
then of neutralising the anolyte with sodium hydroxide
solution from catholyte hefore reaciing with etarch.
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By employing a closely fitting ashestos fibre or cloth or
nylon cloth as diaphragm on the cathode as described sbove
only bmid up of nydioxyl iwom concentration i the pores
of the dizphragm oeccurs which readily mixes with the
anolyte. Adverse polential gradient in the pores of the
diaphragm is thus suffiment to preveat the reduction of
jodate ion. IDiaphragm used 1a this way is very effeclive
snd does not ¢ause an excessive IR drop or polarization
potential,

Pieifer’s process employs cormstarch as the raw mate-
rial whereag we udilise indigenous tapioca starch as the
raw material wlich is available in plenty in India. The
process has also been tried for maiz starch.

Thus, a concentrated solution of iedic acid was prepar~
od by electrolytic oxidation of iodine or sodium iodide,
using either graphite or electrodeposited lead dioxide (over
graphite or carbon substrates) as anodes and using eathodes
wrapped with diaphragm as described above. Iodic acid
was oxidized to periodic acid at lead dioxide anodes and
cathodes wrapped with diaphragm maberiais as described
sbove (first stage). The pericdic acid sclution thus ob-
taintd was then reacted (second stage) with tapioca starch
outside the cell to be oxidized to polymeric dialdehyde
starch. After the reactibn was complets, dialdehyde
starch was removed from the electrolyte and washed tho-
roughly so that the spent electrolyte (containing iodia
aoid) was recycled through the electrolysers for the regene-
ration of periodic acid. The precess is described in detail
in the following paragraphs:

Ozidation of iodic to periedic acid: b :

Iodie acid was ovidized to periodic acid in an electro-
tytic cell fitted with lead dioxide anodes and nickel-plated
iron cathodes covered with asbestos cloth or ropes. When
{ead dio<ide formed over lead way used as anode, the anode
loss was about 2 to 2.5 g for 100 amp/hr and 1.62 g for
1 per cent silver-lead alloy, whereas the anode loss waa
sbout 02 to 0.8 g for 100 amp-hr by using lead dioxide
electrodeposited on graphite as anode. The anodes and
cathodes were mounted on 3 wonden support using a glass
container ag cell. Pre-electrolysis wsing the anode has
been found to be importani before the commencement of
electrolysis. The <lectrolyte was agitated occasionally hy
an air-hlower device. The concentration of iedie acid
was kept between 2,5 and 10 per cent bhut a solution of 10
per cent concentration eould give the maximum currents
efficiency and vield. The temperature of oxidstion could
vary from 25-45°C but a2 temperature of 35°C. was em-
ployed for most of the experiments. A current density of
2.5 amp/sq.dm. to 50 smp/sq.dm. could be emploved. A
current efficiency of 60 per cent and an yield of 34 per
cent perjodate way obtained by using a prepolarised lead
dioxide formed over lead as annde and a pretramsformed
feposited lead dioxide anode (with graphite substrate) was
found to give as zood current efficiency as lead dioxide
formed on lead itself. A quantitative conversion of iodie
acid to periodic acid was obtained. After removing the
puspended imvurities, the periodic acid in the electrolyte
was estimated and the aolution pumped to the oxidation
tank.

Oridation of Tapioea starch by perindic acid:

Hard rubber buckets provided with glass cooling coils
and sir-blower device for agitation was used as oxidation
tank, Oxidation could he carried ont at 20°C. to 35°C tha
duration of oxidation heing reduced at higher tempera-
tures. The mole ratio of pericdic acid to tapioca starch was
varied from 1.0 to 1.25 and a mole ratio of 110 was found
quite suitable for the purpose. The il of the oxidand
could be varied in the range 1 to 35, but 2 pH of 20 ta
2.5 was found to be optimum. Keeping the mole ratio of
pveriodic acid to starch as mentioned ahove, the cotren-
tration of periodic acid could be varied fram 2.5 to 10 per
cent but & 9 per cent solution at a temperature of 95°C,
wag found to be sdvantageous. The required auantitv of
tapioca starch was added and agitated by blowing air inta
the reactor. After the reaction was over, the nxidised
starch waaz allowed Yo settle for about 2 haurs ard the clear
supernatant ligeid was syphoned to the electrolyser The
remaining sterry was filtered under «uction or centrifuerod
and washed well with water. The filtrate was collected
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and returned to the electrolyser for regemeration and the
disldehyde starch was dried in air. An overall curreng
efficiency of 75 per cent was obtained with s dialdehyde
content of 82 per cent in the product and an energy con-
sumption of 5,1 kw-hr per kilogram of dialdehyde starch.

The presence of organic impurities in the spent elec-
trolyte decreases the current efficiency for the regemera-
tion of periodic acid. The spent purified electrolyte only
is recirculated for regeneration of periodic acid.

Exampies (Based on Swmall Scale Trials).
) Todine o iodic acd (Jodide to lodate):

150 g of sodium iodide or 127 g of iodine along with
40 g of sodium hydroxide was dissolved in 750 cc of dis-
tilled water containing 1.5 g. of sodium or potassium chre-
mute. When lead dioxide formed on lead was used as
anode, 25 g of sodium sulphate was added to the above
solution, Rither lead dio<ide on lead or electrodeposited
lead dioxide over graphite could be employed a3 anode.
Btainless steel was used as cathode. During the oxidation,
the temperature was kept between 40-45°C. and the pH
was in the range of 89.5. A current density of 7.5 amp/
sq.dm, (in the case of lead dioxide on graphite, 25 amp/
sg.dm.) was employed and afber passing 85 per cent of
the theoretical current rvequired (136 amp-hrs) the whole
solution was cooled to the room temperature (30°C.) and
the separated needle-shaped crystals washed well with
distilled and dried. 97 g of sodium iodate erystallised out
and 35 g was obtained in the mother liquor and thereby
a conversion efficiency of 82 percent was obtained. The
mother liquor was preserved for subsequent rums.

(b} Todic acid to Periodic acid (Iodate fo Periodate):

(i) 200 g of sodium iodate was dissolved in 2 litres
of distilled water containing 23 g of sulphuric acid. The
PH of the electrolyte was 2.5 to 3.0 and the temperature
was kept at 35-40°C. Lead dioxide was used as anode
and nickel-plated iron cathode covered by ashestos rope
was used as cathodes. No. catholyte was used. The anodie
current densily was 5 amp/sq.dm. 180 g of periodic scid
was obtained with a cutrrent efficiency of 50 per cent for
a 90 per cent yield.

(1i} Jodic acid to Periodic acid (use of Nylon diaphragm):
2 g of sedium fodate was dissolved in 200 ce of distilled
water containing 2 g of sulphuric acid. The pH of ihe
electrolyto was 2.5-3.0 and the temperature was kept at
30-35°C. Lead dioxide was used as anode and stainless
steol covered with nylon cloth was used as cathodes, No
separate cathode chamber was used. The anodic current
density was 5 amp/eq.dm. 17.9 g of sodium pericdate was
ohtained with a eurrent efficiency of 38 pereent for & 83
per cent yield.

(iit} Todic acid to periedic acid (Fse of nylon with
asbestos diaphragm): The conditions sre the same ae
described in (ii). The cathodes were first covered with
asbestos and then nylen cloth was tightly fitted over it.
184 g of sodium periodate was obtained with a current
efficiency of 42 per cent for 85 per cent yield.

(&) Ozidation of tapioca starch by periodic acid (Periodate):

275 g of periodic acid diluted fo 3 litres was cooled
to 30°C. and the pH was adjusted to 2.5. Then 275 g of
tapioca starch (109 moisture) was added in portion with
agitation, After the complesion of the oxidation (4 hours),
it was allowed to settle and the supernatant liquor was
pumped to the electrolyser. During oxidation, periodic
acid was converted fo iodic acid. Then the shudge wan
centrifuged and washed well with distilled water. Thae
dialdehyde starch was dried in air and powdered. 280 g
of dialdehyde starch with a dialdehyde content of 82 per
cent was cbtained. The wash water after concentration,
was sent to the electrolyser for the regeneration of perio-
dic acid and an overall current efficiency of 77 per cent
was obfaired for dialdebyde starch formation. The ex-
periments were continued with the same electrolyte and in
the second, third and fourth yuns, 252 g, 250 g, and 220 g
of diaidehyde starch was obtsined giving overall current
efficiency of 75 per cemt, 74.8 per cent and 65 per cent
respectively.

LARGE LABORATORY SCALE TRIALS

The apparatus used for the latge laboratory scale pre-

pardtion of iodic acid is shown in the three sheets of the
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accompanying drawings. Fig. 1 is the cell for the prepara-
Slon of walc sad fivin fodtue (lodate from 1odide), A i
¥Fig. | 15 tne sectioual tront elevation of the cell tank
and i3 1o k1g. 1 18 the sectional end elevation ot the cell
tedia. A porcelain rectanguiar tank of dimensiong 59 cia
length, 45 cm bresdth abd 25 em height was used a8 &
cell. Four electioueposited lead dioxmde electrode on gra-
phite substrate of dimensions 31 cm lengtn, 16 cm breadih
and 1.6 cm thickness with an effective area of 15 sq.dm.
were used as anodes and the whole anode assembly is
shown in C, ¥ig, 2. The end elvation of anode is shown
in D, kig. 2. Ten stainless steel plates of dimensiosn 26
cm length, 3 cm breadth and 0.1 em thickness were firsh
covered witk asbestos fibre and finally covered with nyien
bags were used as cathodes. The whole cathode assembly
fs shown in ¢, Fig. 1. The end elevation of the cathede
ia shown in D, Fig. 1. The cell was provided with stainless
steel cooling coils to mammtain the temperature by the
circulation of cold water and suitable wooden lid as shown
in Fig. 3, carrying the necessary haoles for the anode
assembly, cathode assembly, cooling cois and thermometer.
A in Fig. 8 vepresents the front elcvation and B in Pig. &
ghows the plan of the lid.

The cell set-up for the preparation of pericdia acid
from iodic acid (periodate from jodate) iz shown in Fig.
2. A in Fig. 2 represents the sectional fromt elevation
of the cell tank and B in Fig 2 shows the sectional end
elevation. A porcelain rectangular tank of dimension
69 em length, 42 em breadth and 39 e¢m height was em-
ployed as the cell s0 as to handle 84 litres of the electro-
lyte. The anode assembly and cathode are quite similar
to those employed for the preparation of iodic acid from
iodine {iodate from iodide) as shown in C and D in Fig. 1
and (4 and D in Fig. II. A stainless steel egoling coil waa
used to maintain the temperature.

Examreres {Based on Large Laboratory Scale Trialsy.

4) lodine te iodic acid (Iodide fo Tedate): 635 kg
of erude iodine along with 2 kg of sodium hydroxide (Tech)
was dissolved in 20 litres of distilled water. During the
oxidation the temperature was kept between 45-55°C. and
the pH was in the range of 10-12. A current density of
15 amp/sq.dm. was employed and after passing 80 per
cent of the theoretical current required (6.4 kilo-amp-hrsy
the whale solution was cooled to room temperature (30°C.)
and the solid separated, washed well with distilled water
and dried. 4.74 kg of sodium iodate crystallised out and
1.472 kg was obtained in the mother liquor and thereby a
conversion efficiency of 85 per cent was obtained. The.
mother liguop was preserved for subsequent runs.

B) Indic acid to. Periodic acid (Iodate to Periodate):

1) 1.375 kg of sodium iodate was dissolved in 22 litres
of distilled water and the pH of the electrolyte was ad-
justed to 2.5-3.0 by means of dilute sulphuric acid. The
temperature was kept at 30-35°C. Lead dioxide (Fig.
2% was used as anodes and stainless steel covered with
esbestos-nylon cloth was used as cathodes (Fig. 1(). No
separate cathode chamber was used. The anodic currentt
density was 5 ampfsq.dm. Occasionslly the electroiyta.
was agitated by means of bubbling air. EIT¢ kg of sodium
periodate was obtained with a current efficiency of 47.2
per cent for a 88.7 per cent yield.

iiv 4,358 kg of sedium iodate was dissolved in 60 litres
of -distilled water and the pH was adjusted to 2.0 hy
means of sulphurie acid. AR' the other conditions were
the same as in (i). 2.172 kg of sodium iodate was obtain-
ed with 2 current efficiency of 38 per cent for an yisld
of 56 per cent.,

) Oridation of tapioca storeh by periodie aeid

{Periodate) :

i) 1,170 kg of sodium periodate diluted to 20 YNtres wae
cooled to 25°C. and the pH was adjusted to 2.5. Then
1.20 kg of tapioca starch (10% moisture) was added in
portion with agitation. After the completion of the-
oxidation (4 hours) it was allowed to settle and the super-
natant liquor was pumped to the electrolyser, During
oxidation, periedic acid was converted to iodic aeid. Then
the sludge was centrifuged and washed well with distilled
water. 1.20 kg of dialdehyde starch with a dialdehvds
content of 85 per cent was obtaived, The wash watep
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after concentvation, was sent to the electrolyser for the
regeneration of periodie aad.

) 2772 kg of penodic acid diluted to 60 hires waa
cooled to 30°C. and the pH was adjusted to 25. Then
207 kg of maze starch (10 per cent mowsture) was added
m portions and all the other procedures werg the same as
in (1) 2 kg of dwaldehyde starch with & disldehyds con-
teny of 85 per cent was obtained,

We claim

1. A prodess for the electrochemical production of
dizldehyde starch hy (1) the electrolytic oxidation of iodie
acd to peredic acid (first stage}, followed by (11) oxida-
tion of tapioca starch or Like starch material by periodic
acid (second stage) which 18 charscterised 1n that the
electrolytic oxidatton of 1odic acid 13 carried out in a cell
in which lead or 1% lead-siiver alloy on which lead dioside
has been formed or selectrodeposited lead dioxade having
graphite or carbon substiate or withont a subsirate, are
used as anodes, and cathodes closely wrapped with aghes-
tos cloth or rope or nylon cloth are used,

2 A process as claimed 1 Claim 1 wherein the iodic
soid for the preparation of pertodic acid 1s prepared by
electrolytic oxidation of iadine using lead diotude formed
on lead or lead alloys or electro-deposited lead diomide as
anodes and using stainless steel as eathode

3. A process as claimed 1n Claim 1 or 2 wherein iodic
acid = prepared by electrolytic oxnidation of iodine uéing
graphrte anode and using stainless steel as cathode.

4 A process as claimed m Claim I wheremn stainless
eteel, 1ron, mickel or nickel-plated copper, mickel-plated
fron or mickel-plated brass wrapped with asbestos cloth
or rope are used as cathodes

5. A process as in Claun 1 wherein a current density
of 1 to 10 amp/sq.dm but preferably 5 amp/sq dm. and
& temperatute range of 30-45°C bhut preferably 35-40°C.
and a pH of 1 to 4 but preferably 25 to 3 are employed
to oblain guantitative conversion of lodic acid o periodio
acid in the first stage,

MGIP Sant—SL—18 Patent]63—1 1-9-64— 100,

6 A process as :n Claim 1 wherein the solutwoa of
periodie acid obbtained 1n the first stage from the electro-
lytie cell 15 allowed in the second stage to react with cather
taploca starch or any other like starch matenal by agite-
fion 10 a separste reactor.

7. A process as 1 Clarm 6 wherein the omudation of
starch s carried out at a temperature of 20 to 35°C, but
preferably at 25°C

8 A process as 1n Claim 6 wheremn a mole ratic of
starch to pertodic acid of 1 to 1.5 15 used for the oxida-
fion reaction,

9 A process as 1n Claim 6 wherein the pH of the
periodic acid during emidation of starch i3 kept withim
the range of I to 35 but preferably at 25 *

10, A process as m Claim 8 wherein disldehyde starch
formed 1= recovered by centrifuging or fltiatior under
suction and washed weil with water to free disldshyda
starch from elecirolyte

11. A process as in Claims 1 to 10 whersn the process
of oxidation of 1sdine to periodic gerd m the first stage,
oxidation of taproca staveh or any other hike slarch mate-
ne! to dialdehyde starch 1n the second stage and the re-
generation of perwodic acid from iodie acid followed by
subsequent oxadation of further amount of starch iz mada
cyche.

12. Dialdehyde starch from either tapicca starch or
any other like starch matcrial whenever propared accord-
ing to the procsss subslantislly as heteinbefore desoribed.

E. BHASKAR PAT,
Patents Gfficer,
Counell of Sewentrfic and Industriol Research.

Dated this 55vd day of July 1962.
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