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PROVISIONAL SPECIFICATION

IMPROVEMENTS IN OR RELATING TO THE ELECTROLYTIC REDUCTION OF NITROBENZENE TO ANILINE

. L]
COUNCIE, OF SCIENTIFIC AND INDUSTRIAC l{ESEARCH, Hoars Mara, New Deniul, Ixpra, an [@u.)‘ihh' RiGisTeRED Boby
IscouporRATKD UNDER THE REctstraroN or Socieriis Aot (Act XKL or 18605,

The followin; Specification describes the nature of Mus invention -

This is an invention by HANDADY VENKATAKRISHNA UDUPA, Dircoior GOBICHETTIPALAYAM  SRINIVASAN
SUBRAMANIAN, Scientist, PAYYALLUR NARAYANA ANAMTHARAMAM, Sciendst, ANNAMALAI POURASSAMY,
Seidor Laboratory  Assistant, All Tndians working at Ceatral l-lleclrocht:pical Research Institute, Karaikudi-3.

This tnventiow celiates to the improvenments e or relating
to the electrobvlic reduction of nitrobenrene o aniiine.

Hitherle it has been proposed to reduce nitrobenicne o
aniline using stationary cathwde using alcohol, sulphuric acid
and nitrobeisene ar a temperaiure of 407 o 60° at a zinc or
tead cathode with 4 corrent density of 1015 amps per
dm?. The vield obtained was 80-909 (EIbs & Siibermann. Z.
FElektrochem 7,589, (19011, Latet the vie of solvent like alcohol
was avoided by developing a new addition agent TV + ++
ion which by »irtue of its 1wo valency siates act as an mer-
mediary ot in reducing niteobenzene whose solubility is sery
poor m agueons medinm.  Itowas thonght that titanous ien
m combimtiton with a volating cathode can work well and
results wore cncencgging in that hine. Accordingly a paient
was fled (Patonr No. 1284123,

But Iatey exverinems proved ahad even a stationary cathode
can work with smne current efficiency and vield For the same
current density osed for a rofsting caihade. Thas is hecanse
"of the fact tha the main reduction of sitrobensene to ani-
tine otcurs ai the btk of fhe elecivalsie and Bol an e
double iaver adieining tlic cathode surface. Hence the rediu-
tion is independont of the double Tayer thickness. Mulk reduc.
tion depends on the availabilily of titanous imns. The more
the presence of titanous ions the move cfficent is the reduc-
tion. Since Ti+ ++F
virtae ofF it charged nature # can réach the sweface oven
when the cathode is stationary and can get-reduced to Ti +++

Although rolating cathode satishes the above readirements
major aovantages of stationary cathode over votating cathode
can be summarised as follows —

{i) Iis casc of construction,
{if} Its case of maintenance.

{iii} Since the conrainer itself acts as a cathode for con-
tainer can be selved for the above conditions.

(vi} Since the cell must be provided with evoling coils cop-
per cooling coils can be wsed which itself will acr as
cathode and give better heat conductance,

To obviate these disadvaptages a process which would yield
high currenc efficiency by using suitable hydrogen carrier and
@ stationary cafhode has been developed,

By this technique, the design of high amperage cell is wade
caser, The reduction proceeds smoothly even at high current
density ranges cmploved. Same electrolvee is used any num-
ber of (mes but not less than four times to make il more
economicat.

To these ends, Lhe invention broadly consists in reducing a
siapension of nitrobenzenc in a catholyte of sulphuric -acid
upto a concentration of 259 (v/v) with abent 0.19% copper
sniphate uwsing a statjonary cathode of copper or zine or tin

iorr can reach the cathode surface by.

but preferably between 50-60°C using a range of current den-
gty upio 40 amp/dm?* but preferably at 20 amp? The anolyte
15 sulphuric acid solution uplo 309, strengdi but preferably
25%, {v/v). As diaphragm ceramic or biuc asbestos but prefer-
ably ceramic is used. Lead is used as anode material. Addi-
tion zgenis like titapic s titanous sulphate of concentration
upto 10 ams Ti0, in one litrc is added o the catholvte.

L is already known that a rotating cathode wilt bring shear
over the layer adjoining the cathode surface. This is mecessary
tm compounds which are wot iomic in nature. They will
move towards the double layer from the bulk of the solution
by fius movement ol cathode and get reduced. Similarly those
witde have been reduced will be removed from that layer
by same mechanism, The bulk of the sotution is relatively
staiic to the layer adjoining the cathode surface. H the solu-
tion is stirred by kecping the cathode stationary the mecha-
wisiy 8 reversed. The layer adjoining the cathode is static
refaiive fo the hulk of the solution where it is stirred. Due
tu the simplicity of the stationary cathode it is preferred to the
rating cathode. Moreover, Ti+++ ion acts as intermediary
fon in reducing nitfobenzene to aniline and Ti +++ can get
reduced to Ti+++ even at a stationary cathode by virtue
of its ionic nagure,

Alter the reduction, the <olution is cooled 1o remove aniline
sulphate and the solution is used again for the next charge.
After removal of each crop of aniline sulphate, the solution
is replenished with sufficient sulphuric acid, water and ttam-
ous or titanic suiphale before runmping the next reduction.
Sulphuric acid must be added in the molar ratio of 1 : 1 to
the aniline formed, hanous or titanic sulphate upto 1%
of the initial charge and water o the required volume it
necessavy. After four reductions total aniline sulphate along

with the final Jiquor after fourth reduction is treated with
sada ash, ealcium carbonate or ammonia but preferably soda
ash until the pH is above 7. Aniline thus liberated is steam
distilled and recovered. Water containing aniline sulphate is
saturated with sodium chloride and solvent exiraction of ani-
line is done with solvents like benzene. The solvent is recavered
by  fractional distillation and used for further extraction.
Moisture from aniline is removed by sgaking with sodium
chlovide when water separates out dlong with sodium chloride,
Aniline is made colourless by distilling with rinc duse.
X

The following tvpical examples are given o illustrate the

mnvention:-—

EXAMPLE-T
Cathiolyie . 900 m of 25% sulphuric acid {oiv)
Cathode Stationary copper cathode of area
1.5 dm*
Mitro compown] talen || 1020 g £3604-240 -1 1202 24
Temperalure 50-60°C -
Anolyte 180 ml 2.5% sulphuric acid i)
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Anode Lead of area 0.5 dm?
Diaphragm Ceramic porous pot
Current 36 amp,
Current density (cathode). 20 amp,dm?
Cell Voliage 5t66V
Weight of iitanocus or .. i3 g
titanic sulphate
added to catholyte
Weight of copper sul- .. lg
phate added to
catholyte
Nitro compound - Nit
recovered
Aniline recovered 968 g
p-Aminophenol recovered. 6g
Current efficiency 86.6%,
Assay yield 87.3%

Energy consumption 12 kWh/kg of aniline

EXAMPLE-IT

Conditions same a5 Exomple 1
Nitrocompowd taken, FT10.6 g (360 1 120 | 120 + 110.6)
Nitrocompowd recovered., . Nil

Aniline riecovired .. 437.5 ¢
p-Aminophenol recovered . 4g
Chzrrent efficicncy §1.4°%;
Assay yield .. 829,

LEnergy consumpiion 12.8 kWh/kg of aniline

The following are the main advantages of (he invention:

L. The use of titanous sulphare in the electinbhic mercases
the 1educiion clieney.

2, The wse of stztionary cathode enables design of high
amperage colls casier as the  comaing iself acls as the
cathode.

%, The use of sohient has been avoided wisib saome corrend
chhiciency as was oblained by ecarlier workers.

Dated this ¥1th day of Aogust, 1972,
PATENTS OFFICER,
Council of Scientific and Inaustsial Reseaich

THE PATENT ACGT OF 1970
COMPLETE SPECIFICATION
(See Sect an 10)

TMPROVEMENTS IN OR RELATING TO THE ELECTROLYTIC REDUCTION OF NIFROBENZENE TO ANILINE

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rart Make, New DELmi-110001, Txiois, A~ INDIAN
RacisTeRED Booy IncorporaTEL Unnir THE RicisTRaTiow Or Socierins Act {Acv XXI or 1869)

The following specification particularly describes and ascertains the nature of this insention and ths manngy in whizh it is to be performed

This it an invention by HANDADY VENKATAKRISHNA UDUPA, DIRECTOR, GOBICHETTIPALAYAM SRINIVASAN

SUBRAMANIAN, SCIENTIST, FPAYYALLUR NARAVNAN ANANTHARAMAN, SCIENI1SH

AND  ANNAMALAI

POURASSAMY SENIOR LARORATORY ASSISTANT, ALL OF THE CENTRAL ELECTROCHEMICAL RESEARCH
INSTITUTE, KARAIKUDI.G, INDIA—ALL INDIAN CITIZENS.
L]

‘Fhis invention relates to o process tor the elecrollic re-
duction of nitrobengene te aniline sulphate. This invention
relates more particularly o an amprosement o or modidi-
cation of the invention of our priet patent Noo 123412470
which claims a process comprising clectrolytically reducing a
suspension of nitrehewzene o aniline in a supporting electrolyle
of a mineral acid preferably sulphuric ackl uplo a concenira-
tion of 25%, v/v wsing rotating eclectiode of copper and em-
ploying titancous sulphate as addition ageni picierably upto
a congentration of 50g titaniim sulphate pa litke of cathole
and wsing cvrreni  densities uwpio 20A7am? bor picferaih
10A/dm? and toemperatures upto 50 deg, centigrade but pre-
ferably between 20 and 30 deg, cont. The paient also dis-
closes the use of stationary cathodes. Additon of 0.19, cop-
per suiphate (o the cathohte has heen rccommended. The
base aniline was recovered by meutralising and sicam  distid-
lation.

This iz open toc the objection thal the process involves

recovery of aniline which makes the clectrolyte unht for reuse.

We have now found: (§) that if the electrolvte is cooled alter

reduction of aniline snlphate the salt can be recovered by
filtration;

{ii} if aniine sulphate is recovered, the steps of pentralising
and steam distillation to obtain the base aniline are avoided:

{iiiy the salt aniline sulphate can be wsed divectly for the
manutfacture of sulphanilic acid hy known methods  whereas
an additional step vir. production of anilinc sulphate from

aniline In sulphuric acid ueatment wouid be invelved dov
comversion of aniline to sulphanitic acid.

Acwonding  to ihe present invenuon, thee is provided a
prowess for electrolyiically reducing a suspension of nitrobenzene
to aniline sulphate which consists, in reducing a saspension of
pitrobenisene as claimed in the claims of Imndian Patent No
128412770 in a supporting clectrolyle of mineral acid preferably
sulphuric acid upte a concentration of 259, V/V using station-
ary/rotating electrode of copper and' cmploying titanous swd-

©ophace as addition agent preferabls upte a concentration of 10y

tianium  dioxide per lire of catholite and uosing current
densitics upta 23A7dm? and temperatmes upto 60 deg. cent.
characterized in that, after the redection the catholyte is cool-
cd to room temperature (30-35 deg. cent) and filtered to re-
over aniline sulphate, It will be noted that according te
prior patent No. 128412770, the catholvte was neutralised and
steamn distilled to recover aniline base. According 1o the pre-
sent modification the catholvte is coolal 16 ruom temperature
{30-33 deg. cent) and filtered to obrain the <ah aniline sul-
phate. The merit of the paecsent invention §s that we are

divectty getting aniline sulphate without vaccum concentrating
the-catholste,

Titaneous sufphate tay be added up to a conceniration of
14 gms calculatzd as TiQ), per line of catholite. ‘The preferred
temperature is hetween 50 amt 55 deg. cent. 1.1 of copper
sulphate may be added 1o the c¢atholvte, After passing the
theoretical quantity of eclectticity and if no more nitrobenzene
is left behind, the solution is cooled and solid aniline sulphate
is separated and the clecirolyre is nsed again for another charge
by adjusting the acid strength to 259 by adding fresh acid.
The elecirolite mayv be used not less fhan four times before
it is neatsalized to vecover the aniline lefr after fourth wse.
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No complicated equipments are needed and the processes
-of isplation of aniline sulphate is cqually simple. The yield
of aniline sulphate is high and very fittte formation of p-ami-
nopheno! and practically no cyclohexylamine was observed.

As ddescribed in our prior Indian Patent No. 128412/70, a
suspension of nitrobenzene is reduced in a catholyte, a mine-
ral acid, preferably sulpburic acid npto a concentration of
©5% by volume containing titanous sulphate preferaldy upto
4 concentration of 1 g TiQ, per 100 c¢c of catholyte. The
- «atholyte also contains 0.9, copper sulphale in order to give
a spongy deposit of copper on the cathode. The reduction
is carried out at a currenl densivy upte 20 Afdm? but pre-
ferably 10 Ajdm? and =2t (emperatures upto 60 deg. cent.
but preferably between 5055 deg. cent. The anoiyte is a
ditute mineral acid but preferably sulphuric acid upte a
concentration of 3094 bui preferably 239, V/V. Theorctical
quantity of cleciricity was -passed (viz 6 Faradays per gram
mole of nitrobenzene) uafier which the catholyte is steam

istilted to recover any unreduced nitrobenzene. In the modi- '

fication according to the present improvement, (he catholyre
is then cooled to recover aniline sulphate, which can be used
for the manufacture of sulfanilic acid by known meihods.
The sulphate is worked up by washing the acid by rcorystalli-
sation in water and adding the water used for vecrysialli-
sation 1o the mother liguor itself. Mother liquor iz again
used for further elecirolysis by adding nitrobenzene and re-
quired amount of acid. Nitrobenzene added was cqual to
the aniline sulphate separated out. Thus the same elecivo-
Iyte was used not less than 4 times and each time the aniline
sulphate recovered was vecrystatlised and dried in an oven.
The temperature of ihe oven way adjuted to BO deg. to
100 deg. cent.

The following examples are given to illustrate the inven-
tiom: :

Wt of nitrobenzene unreduced .. Nil
Wt. of p-aminophenol esti- Nil

mated
Wt. of anijline sulphate

recoyered . 1570 gm
Energy consumption . 12.3 kwhfkg of aniline sul-

phate
EXAMPLE.I!

Catholyie 1102559 HS0(VIV)
Anolyte 200 ml do
Wt of nitrobenzene taken (480-4-228+ 270 360) gm
Current 30 amp
Area of the cathode (Station- 1.5 dm?

ary)
Current density

Titancus sulphate

Driration

MNo. of amp hours passed

Nao. of amp hours theoretical ..
Cell voltage

Temperature
Anode

Diaphragm
Anode area

Wt ol copper sulphate added ..
to catholyte

Wt. of nitrobenzene recovered. .

Wt. of p.aminophenol esti-
mated

Wt. of aniline sulphate

We Clabm:

A process For  elecirolytically

20 ampsi:im‘

130 m} solution con.
taining 10 gm TiO,

64 hours (# batches)

1920 5

1750 »

4.56.5V

50-55 deg. cent.
Lead

Ceramijs porous pot
1 dm®

I gm

Nil
Nil

5331-+25343034 399 gm

reducing  a suspension of

EXAMPLET
Catholyte - . 5 1 of 23% HeSO, (VIV)
Anolyte . 21 do
Voulme of nitrebenzene taken. , 1.25 1 (purity 99.0%)
Current .. 130 amps
Area of cathode (stationary) 20 dm?

Current density

Titanous su!phate

7.5 ampsfdm?

625 ml solution containing
50 gin TiO,

Duration 14 Hours

No. of amp hours passed 2100

No. of amp kours itheoreuical .. 1961

Cell voliage 57V
Temperature o 45-50 deg. cent.
Anode ' .- Lead

Diaphragm .. Cerammic porous pot
Anode ared . 7.5 dm?

Wt. of copper sulphate added .. g

to catholyte

MGIPCBE—S3—384 DCP & D Calf76—-29-12-76-—130,

nitrolicnzene 1o aniline sulphate which consists in reducing
a suspension of nitrobenzene as clabmwed in the claims of
Indian patent No. 128412/70 in a supporting electrolyte of
mineral acid preferahly sulpharic acid upte a concentralion
of 25% V/V using stationary/rolating clectrode of copper and
employing titanous suiphate as addition agent preferably upio
a concenlration of 10 gm ‘titarium  dioxide per litre of
catholyte and using carrent densities upto 25Afdm® and
icmperatures upto 50 deg. cent. characterised in that, after
the reduction the catholvie is cooled to roown femperature
(30—33% deg. cent) and fillered to recover aniline sulphate.

Dated this 4th day of September, 1973,

PATENTS OFFICER,

Council of Scientific & Industrial Research,



