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IMPROVEMENTS IN OR RELATING TO THE ELECTROCHEMICAL PRODUCTION OF SUCCINIC ACID FROM
: EI{THER MALEIC ACID OR FUMARIC ACID.
PROVISIONAL SPECIFICATION
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rarr Mare, New Drimi-1, INDIA, AN INDIAN
REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF Socierms Acr (Acr XXI or 1860).
The following specification describes the nature of this invention.
This is an invention by HANDADY VENKATAKRISHNA UDUPA, Scientist, MYSORE SEZHAIYER VEN-
KATACHALAPATHY, Scientist and RAMANUJA IYENGAR KANAKAM, Senior Laboratory Assistant,
al. of the Central Electrochemical Research Institute, Karaikudi, all Indian citizens.

This invention relates to improvements in or
relating to the electrochemical production of succinie
acid from either maleic acid or fumaric acid.

Hither'o it has been propoused to reduce eleciro-
lytically either fumaric acid or maleic acid using a
solution of either maleic or fumaric in dilute sul-
phuric acid at either mercury or amalgamsted lead
cathode (stationary) by employing separate cathode
and anode chambers which are separated by means
of a diaphragm.

This is open to the objection in that the process
reported in literature suffers firom the following draw-
backs: (1) the choice of a praoper gnode chamber
complicates the process and (2) only low current
density can be employed at a stationary cathode.

The object. of this invention is to obviate these
Mdisadvantages by the medifications and improvements
now effected by us. Accordirg to the present in-
vention, separate anode chamber and anolyie are
avoided by using an anode closely wrapped with
.asbestos fibre, yarn or cloth and using a rotating lead
cathode. Th: present process is superior to the pro-
cesses hitherto described in literature since it not
only overcories use of the troublesome and costly
anode chamber suggested earlier but uses instead
of an anode closely fitted by modern diaphragm
materials lik» asbestos and takes into account the
drawback of .ow current density and thereby renders
the process mare easy to operate without any economic
drawbacks. Additional advantage in the process now
established by us is-.that by rofating the cathode,
high current density and high gonceniration of either
maleic or, furiaric ‘acid could be employed without
adversely affecting the energy economics of the pro-
cess.

To these eads, the invention broadly consists in

- reducing cathcdically either maleic or fumaric acid
to give succinic acid in an electrolytic cell, fitted with

(la rolating lead cathode and lead lined copper anodes,
cluscly covered with asbestos thread. The concentra-
tion of maleic ucid or fumaric acid was kept between
10 and 30 per cent but a solution of 22 per cent
could give the maximum current efficiency and yield.
A current density of 2:5-5 amp|din® in the casc of
stalionary cathode and 10-30 ampidm® with a rotating
cathode could be emploved. The temperature of
electrolysis could vary from 50-80°C bul a tempera-
ture of 70-72°C was employed for most of the experi-
ments. . A current efficiency of 98% and an yield of
05% was obtained,

EXAMPLE 1

Electrolytic reduction. of maleic acid using a station-
ary lead cathode :

80 g of maleic acid was dissolved in 350 ml of
5% sulphuric acid. Lead was employed as cathode.
Copper rod lined with lead and covered closely with
asbostos’ thread was used. as anodes. During the
electrolysis the t:mperature of the . electrolyte was
kept between 70 and.72°C by means of a water bath.
A current densify of 2-5 amp;dm® was employed.
After passing 37 amp-hrs, 73 g of succinic acid was
obtained with a current efficiency of 100% and an
vield of 91-25%.

EXAMPLE 2

Electrolytic reduction of maleic acid using a rotat-
ing lead cathode: i

21 g of maleic acid was taken in 230 ml of 5%
sulphuric acid. A rolating cylinder of lead was em-
ployed as cathode. The r.p.m. was kept between 1000
and 1200. During the electrolysis, the temperature
of the elecirolyte was kept between 70 and 72°C. A
current density of 20 ampjdm® wag employed and
after passing 9-6 amp-hr, 2¢ g of succinic acid was
obtained. No unreduced maleic acid could be detect-
ed polarographically. A current efficiency of 100%
and an yield of 95% was obtained. The anode em-
ployed was the same as given in Example 1.

EXAMPLE 3

Electrolytic reduction of fumarie
rotating lead cathode:

21 g of fumaric acid was dissolved in 200 ml of
5% sulphuric acid, A rotating cylinder of lead was
employed as cathode, The current density employed
was 10 ampidm’ and all the other details were the
same as given in Example 2. When the reaction was
over, the electrolyte wag filtersd while hot and eva-
porated to the point of its crestallisation, cocled and
the crystalline solid separated was filtered and air
dried. 20 g of succinic acid was obtained with an
yield of 95%.

The following are among the main advantages of
the invention :

(1) A process for the elecirochemical preparation
of succinic acid either from maleic or fumaric acid
using a lead cathode either stationary or rotating and
having an anode on which asbestos has been closcly
wrapped as diaphragm. )

(2) Copper rods lined with lead and closely cover-
ed with asbestes material are used as anodes.

(3) A separate anode chamber with dilute sulphu-
ric acid is avoided. :

(4) A current density of 2-5-5 amp!dm® but prefer-
ably 3 amp'dm® in the case of stationary cathode and
10-30 amp;dm® in the case of rotating cathode are
employed to obtain succinic acid and in good yield
(95-96%).

{5) The percentage of agueous solution either maleic
acid ar fumaric acid could be kept between 10 and 38
but preferably 22 per cent.

(6) The concentration of sulphuric acid in the
electrolyte could be varied between 5 and 10% but
preferably §5%.

(7) The temperature range could be 50-80°C but
preferably at 70-72°C.

{8) The cathode is stationary or rotating and while
stationary an auxiliary stirrer is employed,
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COMPLETE SPECIFICATION

. COUNCIL. OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rarr Mare, NEw DerBr-1, INpia, AN INpIAN
RECISTERED BODY INCOKPORATED UNDER THE REGISTRATION OF SOCIETIES Acr (Acr XXI oF 1860).
Th: jollowing specification particularly describes and ascer.uins the nature of this invention and the manner
in which it is to be performed.
This is an invention by HANDADY VENKATAKRISHNA UDUPA, Scientist, MYSQRE SESHAIYER YEN—
KATACHALAFA'THY, Scientist and RAMANUJA IYENGAR KANAKAM, Senior Laho_ratory Assistant,
all of the Central Electrochemical Research Institute, Karaikudi, all Indian citizens.

This invention relates to improvements in or relat-
ing to the electrochemical production of succinic acid
from either maleic acid or fumaric acid.

Hitherto it has been proposed to reduce electro-
iyticaily either fumarie acid or maleic acid using a
solutiom of either maleic or fumaric in dilute sulphu-
ric acid at either mercury or amalgamated lead
cathoée (stationary) by employing separate cathode
and anode chambers which are separated by means
ef a dianhragm. .

This is open to the objection in that the process
reporied in literature suffers from the following draw-
backs: (1) the choice of a proper anode chamber
complicates the process and (2} only low current
density can be empioved at a statiomary cathode.

The object of this invention is to obviate these dis-
advantages by the modifications and improvements
now eifected by us. We have found that separate
anode chamber and anolyte can be avoided by using
an anode closely wrapped with asbestos fibre, yarn
or cloth and using a rotating lead cathode. The
present procesg is superior to the processes hithertu
described in literature since it not only overcomes use
of the troublesome and costly anode chamber suggest-
ed earlier but uses instead an anede closely fitted
by modern diaphragm materials like asbestos and
takes into accgunt the drawback of low current den-
sity anc thereby renders the process more easy to
operate without any economic drawbacks. Additional
advantage in the process now established by us is
that by rotating the cathode, high current density
and high conceniration of either maleic or fumaric
acid could be employed without adversely affecting
the energy economics of the process.

According to the preseni invention, the process
for the =slectrochemical preparation of succinic acid
consists in the reduction of maleie or fumaric acid in
sulphuric acid elecirolyte using a lead or lead plated
cathode, either stationary or rotating, and a lead
anode on which asbestos has been closely wrapped
as diaphragm.

Thus, copper rods covered with lead and closely
wound w.th asbestos rope, fibre or cloth material are
used as anodes.

A cathodic current density of 2-5-5 amp|dm® but
preferably 3 ampldm® is used in the ecase of stationary
cathode and 10-30 ampidm’ but preferably 20 ampj
dm® is used when the cathode is rotating in order to
obtain suceinic acid with an yield of 95-96%.

The strength of aqueous solution eof maleic acid
or fumaric acid is kept between 10% and 30% but
preferably at 22%.

The concentration of sulphuric acid in the electro-
Iyte is between 5% and 10%, preferably 5%.

The reduction is carried out at a temperature range
of 30°-80°, preferably at 70-72°C.

An auxiliary stirrer is employed when a stationary
cathode is used.

Either maleic or fumaric acid is reduced cathodical-
ly to give succimic acid in an electrolytic cell, fitted
with a rotating lead cathode and lead lined copper
anodes, closely covered with asbestos thread. The
concentraticn of maleic acid or fumaric acid was kept
between 10 and 30 per cent but a selution of 22 per
cent could give the maximum current efficiency and
yield. A current density of 2-5-5 amp|dm® in the
case of stationary cathode and 10-30 ampldm® with a
rotating cathode could be employed. The tempera-
ture of electrolvsis could vary from 50-80°C but a
temperature of 70-72°C wag employed for most of the

experiments. A current efficiency of 98% and an
yield of 95% was obtained.

EXAMPLE 1

Electrolytic reduction of maleic =acid using a
stationary lead cathode:

86 g of maleic acid was dissolved in 350 ml of
5% sulphuric acid.  Lead was employed as cathode.
Copper rod lined with lead and covered closely with
asbestos thread was used as anodes. During the
electrolysis the temperature of the electrolyte was
kept between 70 and 72°C hy means of a -water bath.
A current density of 2-5 amp]dm* was empioyed.
After passing 37 amp-hrs, 73 g of succinic acid was
obtained with a current efficiency of 100% and an
yield of 91-25%.

EXAMPLE 2

Electrolytic reduction of maleic acid using a rotat-
ing lead cathode:

21 g of maleic acid was taken in 230 ml of 5%
sulphuric acid. A rotating cylinder of lead was em-—
ployed as cathode. The r.pm. was kept Dbetween:
1000 and 1200, During the electrolysis, the tempera-
ture of the electrolyte was kept between. 70 and 72°C..
A current density of 20 amp|dm’ was employed and
after passing 9-6 amp-hr, 20 g of succinic acid was:
obtained. Ne unreduced maleic acid eoculd be detected
polarographically. A current efficiency of 100% and
an vield of 95% was obtained. The anode employed.
was the same as given in Example 1,

EXAMPLE 3

Electrolytic reduction of fumaric acid using a.
retating lead cathode:

21 g of fumaric acid was dissolved in 200: ml of
9% sulphuric acid. A rotating cylinder of lead was:
employed as cathede. The current density employed
was 10 amp|/dm® and afl the other details were the
same as given in Example 2. When the reaction was
over, the electrolyte was filtered while hot and eva-
porated to the point of its crystallisation, cooled and.
the crystalline solid separated was fillered and air
dried. 20 g of succinic acid was obtained with anf
yield of 85%.

We claim :

1. A process for the electrochemical preparation
of succinic acid which consists in the reduction of'
maleic or fumaric acid in sulphuric acid electrolyte
using a lead or lead plated cathode, either stationary
or rotating, and a lead anode on which asbestos has
been closely wrapped as diaphragm.

2. A process as claimed in Claim 1 wherein copper
rods covered with lead and closely wound with asbestos
rope, fibre or cloth material are used as anodes:

3. A process as claimed in Claim 1 wherein a
cathodic current density of 2-5-5 amp|dm? but prefer-
ably 3 amp|dm* is used in the case of stationary
cathode and 10-30 amp|dm® but preferably 20 amp)
dm* is used when the cathode is rotating in order to
obtain succinic acid with an yield of 95-96%.

4. A process as claimed in Claim 1 wherein the
strength of aqueous solution of maleic acid or fumaric
acid js kept between 10% and 30% but preferably
at 22%.

5. A process as claimed in Claim } wherein the
concentration of sulphuric acid in the electrolyte is
between 5% and 10%, preferably 5%, '
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€. A process as claimed in Claim 1 wherein the
reduction is carried out ai a temperature range of 50°-
80°C, preferably at 70-72°C.

7. A process as claimed in Claim 1 wherein an
auxiliary stirrer is employed when a stationary,
cathode is used.

8. Succinic acid whenever obtained by the
electrachemical reduction of fumaric or maleic acid

VAGIP Sant.—S3-48 Patent/e8—9-12-65—104;

according to the process substantially as hereinbefore
described.
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