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This is an invention by Handady Venkatakrishna Udupa, Gobichettipalayam Srinivasan Subramanian and
Payyalur Narayanan Anantharaman, all Indians, all of Central Electrochemical Research Institute, Karaikudi.

PROYISIONAL

The foliowing Speci fication describes the nature of this invention,

This invention relates to improvements in or relating to
‘the elecirolytic reduction of 3-nitro-p-cresol to 3-amino-p-
cresol.

Hitherto it has been proposed to reduce 3-nitre-p-cresol
‘by chemical mathods using iron and hydrochloric acid or by

- glectrochemical methods using stationary cathodes.

These are open to the objection in that the product
isolation is made more difficult and purity and yield of the
product ate low. Moreover, the electrochemical method

- using stationary cathodes necessitated the use of solvent like
ethyl alcohol to bring iato solution the pitro compound for
smooth reduction. The other disadvantage of this technique
is that only low curreat densities were employed. A maxi-
mum efficiency of 55.6%, is reported at a current density of
6 ampfdm?.

The object of this invention is to obviate these disadan-
tages by reducing 3-mitro-p-cresol ¢lectrochemically using
the rotating cathode technique. By this technique
the use of a solvent is avoided and the reduction iz
possible with good current efficiencies even at high current
densities. ’

To these ends, the invention broadly consists in reducing
. a suspension of 3-intro-p-cresol in a catholyte of sulphuric
acid or sodinm sulphate but preferably the former, up to a
concentration of 109 by volume, using a rotating cathode
of copper, zinc or tin but preferably copper in a divided cell.
The reduction is further carried out at temperatures up to 70°C
using a range of current density up to 40 amp/dm? but
preferably at 10 amp/dm®.  The anolyte is dilute sulphuric
acid up to 309% strength and a ceramic porous pot is used as
a diaphragm with lead anode. After the reduction is over,
the catholyte is steam distilled to recover any unreduced
nitro  compound and then neutralised with alkali such as
ammonia, caustic soda or washing soda up to pH 7 when the
3 amino-p-cresol separates out. It is filtered and recrystal-
tised from Ypoiling water. The puority was found to be
100%, and has been found saitable by a consumer firm.
Alternately, the catholyte is vacaum concentrated and
the product isolated as sutphate so that the balance free acid
along with make up sulphuric acid is reused as catholyte.

The following typical examples are given to illustrate the
invention :

EXAMPLE I

Cathoivte ; 300 ml of 109% sulphuric acid
Cathode : Rotating disc-type copper—

Area=0.7 dn®
Nitrocompound taken t 20 g.
Temperature of reduction : 60-70°C
Anolyte : 50 ml of 20%, sulpkuric acid
Anode : Lead
Diaphragm : Unglazed porous ceramic pot.
<Cathode current density : 10 amp/dm®
Current : 7 amps
Cell voltage : 5.0 volts

3.5 hours

~Duration :

Weight of 3-amino-p-cresol :

Niirocompound recovered :

127 g. Theoretical : 16.08 g.
1.2 g.

Current efficiency : T9%
% yield of 3-amino-p-cresol : 94%,
Energy consumption : 8.1 kwhfkg.
EXAMPLE II
Catholyte : 300 ml of 10%, sulphuric acid.
Cathode : Rotating disc-type copper-—

Nitrocompound taken :
Temperature of reduction :
Anolyte :

Anode :

Diaphragm :

Currant density :

Current :

Duration ;

Cell voltage :

Weight of 3-amino-p-cresol :
Nitrocompound recovered :
Current efficiency :

% vield of 3-amino-p-cresol :

Energy consumption @

Area=190.7 dm?

20 g,

50-60°C

50 ml of 30%, sulphuric acid.
Lead

Unglazed porous ceramic pot,
15 amp{dm?

10.5 amps

2.5 hours

5.0 voits

13.5 g. Theoretical : 16.08 g,
31,

83959,

85%

8.7 kwhikg,

The following are the main advantages of the invention 3

1} The reduction efficiency is high and the use of a sol-
vent is avoided as a result of rotating cathode technis
que and product isolation is thereby simplified.

2) The product of high purity is obtained without cone
tamination with iron compounds as in the case of
chemical reduction process using iron powder and

acid.

3} Design of high amperage cells for the process is possi=

ble on account of the successful results obtained by
the rotating cathode technique,

4) The pioduct can be isolated as a free base in the
present process by direct neutralization of the catho-
fyte, whereas if solvenis are used they would inter-
fere with the isolation of the product.

5y The product can be isolated as the sulphate by carry-
ing out a distillation of the catholyte under reduced
pressure and cooling and the free base liberated as -
usual from the sutphate.

6) The catholyte, after isolation of the product as sul-
phate, can be diluted and reused in the process by
making up the sulphuric acid content.

Price : TWO RUPEES.
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COMFPLETE

The following Speci fication particularly describes and ascertains the nature of this invention and the manner
in which it Is 10 be performed.

The invention telates to the electrolytic reduciion of
3.nitro-p-cresol  to  3-amino-p-cresol, the latter being
usefut as an intermediate in the dyestuff industry as the
intermediate.

Hitherio it has been proposed to reduce 3-nitro-p-cresol
by chemical methods using iron and hydrochloric acid or
sometimes by electrochemical methods using stationary
cathodes.

These are open to the objection in thai the product
isolation is made more difficult and ihe purity and yield
of the product are low. Moreover the electrochemical
method using stationary cathodes necessitated the use of &
solvent like ethyl alcohol to bring into solution the nitro
compound for smooth reduction and to aveid polarization,
The other disadvantage of this technigue is (hat only low
current densities were employed. A maximum efficiency of
55.69 is reported at a current density of 6 amp/dm?.

The main object of the invention; other objects if any :

The object of this invention is to obviate these dis-
advantages by reducing 3-nitro-p-creso! electrochemically
using the rotating cathode technigue, By this technique the
use of a solvent is avoided and the reduction is possible with
good current efficiencies even at high cwurent densities.
Scale-up of cell becomes easy and high amperage cells can
be readily designed for the reduction.

The main finding (the new principie} underlying the
invention :

The main finding of the invention is the electrolytic
reduction ¢f 3-nitro-p-cresol to 3-amino-p-cresol using the
rotating elecirode techmique and having a suspension of the
nitro compound thereby avoiding the use of a solvent.

The following are the main advantages of the invention :

(1) The reduction efficiency is high and the use of a
solvent is avoided as a result of rotating cathode

technique and product jsolation is hereby simplified.

{2) The product of high purity is obtained without con-
tamination with iron compounds as in the case of
chemical reduction process using iren powder and

acid.

Design of high amperage cells for the processis
posssible on account of the successful results obtain-
ed by the rotating cathode technique.

The product can be isolated as a free base in the
present process by direct neuatralisafion of the
catholyte, whereas if solvents are used they would
interfere with the isolation of the product.

The product can be isolated as the sulphate by
carrying out a distillation of the catholyte under
reduced pressure and cooling and 1he free base
liberated as usual from the sulphate.

The catholyte, after isolation of the product as
solphate, can be diluted and reused in the process
by making up the sulphuric acid content.

To these ends the invention broadly consists in reducing
a suspension of 3-nitro-p-creso! in a catholyte of sulph-
uric acid or sodium sulphate but preferably the former,
up to a conceniration of 109 by volume, using a rotating
cathode of copper zinc or tin but preferably copperin a
divided cell.  The reduction is further carried out at tem-
peratures up to 70°C using a range of current density up to
40 amp/dm?® but preferably at 10 amp/dm®—The anolyte is
dilute sulphuric acid up to 30%, strength and a ceramic porous
pot is used as a diaphragm with lead anode. After the
reduction is over the catholyte is steam distilled to recover
any vnreduced nitro compound and then neutralised with
alkali such as ammonia, caustic soda or washing soda when
the 3 amino p-cresol separates out, It is filtered and recry-

@

{5)

(6)

stallised from boiling water. The purity was found to be
1002, and has been found suitable by a consumer firm.

Alterpatively the catholyte is vacunm concenirated and
the prodact iselated as sulphate so that the balance of free
acid along with make up sulphuric acid is remsed as
caiholyte.

The following typical examples are given to iliustrate
the invention :

EXAMPLE

Experiment No. I.
Area of copper cathode 2,94 sq. dm.
Current ¢ 50 amps.
Current density : 17 amp/dm?
Yolume of catholyte 1 2.5 ljtres.
Strength of catholyte 10% H,30,
Volume of anolyte 100 ml.
Strength of anolyte Same sirength

as catholyte,
Temperature 60-63%,
Wit of CuSOy. 5 HgO added 2.5 gms.
Cell voltage 6 volts.
Wt of 3-nitro-p-cresol taken 200 gms.
Wit of 3-nitro-p-cresol unreduced 62 gms.
Wt of 3-amino-p-cresol obtained 124 gms.
Current efficiency based on 3 amino- @ 779

p-cresol obtained,

Energy consumption. t 6.75 kwhikg of 3
nitro-p-cresol.
Experiaent Ne., 2 :

Area of copper cathode 1 2.94 sq. dm.
Current : 50 amps.
Current density ¢ 17 amp/dm®
Volume of catholyte 2.5 liires.
Strength of catholyte 10% H,50,
Volume of anolyte 300 mi.
Streagth ol anolyte Same as catholyte,
Temperature 60-639,

Wt of CuS0,..5 HyO added : 2.5 gms.
Cell voltage I 6 voits.

Wi of 3-nitro p cresol taken 200 gms.
Wit of 3-nitro p cresol urreduced 37.2 gms.
Wi of 3 amino-p-cresol obtained 110 gms.
Cell voliage 7.5 volis
Current efficiency based on 3

amino p cresol obtained 74.6%

Energy consumption 8.44 kwhikg of 3

nitro-p-cresol
Experiment No. 3 :

Area of copper cathode : 294 dg.dm.
Current : 50 amps.
Current density : 17 amp/dm?
Volume of catholyte 1 2.5 litres.
Strength of catholyie 1 10% H,S0,
Volume of anolyte + 300 ml.
Strength of anolyte +  Same strength as
catholyte.
Temperature 60-65°C
Wt of CuS0,.5H,0 added i 2.5 gms.
Cell vohiage T 9.5 volis,
Wi of 3-nitro p cresol taken : 200 gms.
Wt of 3-nitro p cresol unreduced ;25 gms.
Wt of 3-aming-p-cresol obtained 100 gms.
Current efficiency based on 3-amino
P cresol oblained T 62.29%,

Energy consumption 10.7 kwkikg of 3
nitro-p-cresol.
Overall yield of 3-amino-p-cresol : 73.49,
Other new findings :

Addition of 019 CuSO, increases the efficiency of

. reduction.
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'The present invention consists of a process for the
manufacture of 3-amino p cresol starting from 3 nitro p-
cresol which comprises electrolytic reduction of the latter to
the former wherein rotating cathode technigue is employed.

Detailed description with' reference to accompanying
drawings.

Fig. 1. shows the general arrangement for carcying out
the invention, The cell consists of a jacketted glass-lined
m.s. tank {6) in which rotates a disc type cathode (2). Two
ceramic porous pots (3) serve as diaphragms and lead is used
as anode material. A condenser (1) is provided through
which cold water is circulated. The temperature is measured
by the thermometer (3).

Summary (Critical discussion) :

The invention broadly consisis in reducing a suspension
of 3 nitro p cresol in a catholyte of sulphuric acid or sodium
sulphate bui preferably the former upto a concentration of
102, by volume using a rotating cathode of copper, zinc or
{in but preferably copper in a divided cell. The reduction
is further carried out at temperatures up to 70°C using a
range of current density up to 40 amp/dm?® but preferably at
10 amp/dm®. The anolyie is dilute sulphuric acid up to 309;
strength and a ceramic porous pot is used as a diaphragm
with lead or lead alloy anode.  After the reduction is over
the catholyie is steam distilled to recover any vnreduced nitro
compound and then nevwiralised with alkali such as ammonia,
caustic soda or washing soda when the 3 amino p cresol
separates out. It is filtered and recrystallised from boiling
water. The puority was found to be 100%; and has been
found suitable by a consumer firm.

Alternatively, the catholyte is vacuum concenirated and
the product isolated as sulphate so that the balance free
acid along with make up sulphuric acid is reused as
catholyte.

We claim :
1. A process for the electrochemical reduction of 3 nitro
p-cresol 10 3 amino p-cresol by taking the former as
a suspension in sulphuric acid or sodium sulphate
solution, preferably 109 strength and reducing at a
rotating cathode at elevated temperatures up to 80°C
using high current densities up to 40 amp/dm?® and
recovering the 3 amino p-cresol suiphate by concen-

Adarsh Bharat Printers, Meerut,

trating the electrolyte under reduced pressure and
cooling the same and re-using the mother liquor a.
number of times but not less than 3 times.

2. A process as claimed in claim {1} wherein when sulp--
huric acid bath is used, the 3 amino p cresol sulphate
is recovered by concentrating the electrolyte under
reduced pressure after removing the 3 mitro p cresol
by steam distilation and filtering and reusing the
filtrate for further electrolysis.

3. A process as in claim {I) wherein when sodium snlp-
hate bath is used the 3 amino p cresol is recovered by
neutralising the electrolyte wich dilute acid preferably
from anoclyte and recovering the free base.

4. A process as claimed in any of the above claims in
which the reduction is carried out using high current
densities preferably up to 20 amp/dm®.

5. A process as in any of the above claims in which reduc-
tion is carried out at elevated temperatures but pre-
fexably up to 50-60°C.

6. A process as claimed in any of the preceding claims
wherein reduction is carried out in any of the anolvte
but containing copper sulphate preferably 0,19 as
addition agent.

7. A process as claimed in any of the above claims in
which the reduction is carried out in a cell containing
a porous diaphragm in which sulphuric acid or sodium
sulphate solation, preferably 109, strength is taken

and having an anode preferably of lead, lead silver or
lead antimony alloy.

8. A process as claimed any of the above claims for
making 3 amino p cresol as substantially hereinbefore
described.

Dated this 16th day of March I568.

8d.
PATENTS OFFICER
Council of Scientific and Industrial Researc k.
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