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This is an invention by NANDADY VENFATAKRISHNA UDUPA,

POYYALUR RARAYANAN ANANTBARAMAN and MICHARL, NOE,, Soientists
a1l of Central Rlectrochemical Research Instituie, Karaikudie
623006, a1l Indiwn citizens,

This inventiion relates to an slectrolytic process fer
the production of p.smin:cphenol from phencl through the
intermediate penitrosc phenol,

Hitherte it bas been proposed to produce p-aminophenol
from phanol by nitrosation of phencl to obtain p-nitro phenol
and chemically reducing the p-nitroso phenoi cbtained using
" spdium polysulfids in alksline madis,

This method is open te the following objections,

In the polysulfide reduction process many side reastions
ocour de to the instability of the p-nitrose phanol as well
as the produot pe-aminophenol in alksline madia, Henas reoovery
of the pure f-sminophenol dn-siksiine wedia- from the reduced
black reagtion mixture is a Alflicult task in this yrocess,
In sddition, the yield reported (around &0,0% based on p-nitroso
phenol) is also very low.

™he object of the present invention is to abviste these
disadvantages by electrolytically reducing the intermediate
p=nitroso phenol using some sddltion agents which enables the
reduction at & gathode current density in the rangs of 1»5&/«2
with 75-85€ yield with SW=£62% current efficiency, The elegtro-
1ysis i3 carried out in sulphuric acid wedium and sulfiolent
qantity of p-nitroso phencl 1is reduced to separate the p=-
aminophencl formed as ite solld sulphate, The pe-aminophenocl is
41s0lated from the sulphate by neutrslising the sslt with scdium
blcarbeaate,

‘me other main objectives of the processes as to achieve

1) a clean and simpler rediction when compared to the

chemically method, The electrochemical process prooesds
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. 1957724
without any side reactions in the gatholyte sveces meliinm

saployed, The product peaminophencl is fixed ss its sulphate
sxlt as seon as it {3 formed snd hence it 1s slso quite stalle
in the medium employed;

2) the racovery of p-aminophenol formed ss its solid
sulphate from the c¢atholyte medium, thus enabling the reuse
of oatholyte meny times to reduce further nitroso compounds,

The main advantage of the prooess are a3 fAIlowsse

1) The use of electrochemical reduction produces higher
yield with very sizple and clear un:lt’operations vhen
compared to the chenicsal method,

2) The recovery of peaminophencl as 1its solid sulphate
enables the reuse of catholyte many times for reducing
nitroso compound,

3) The side reastions of p-nitrosoc phenol snd peaminophendl’
are avolded thus enabling the proaiction of purs
proaot,

%) The copper cathode employed mey itself be used ss the
oell container,

Accordingly this invend on provides an improved slectre=
1lytio process for tha prodiction of peanminophenocl from phenol
by preparing p-nitroso phenol from phencl by nitrosation and
eleoctrochemically reducing the p-nitroso phenol in an electrolys
te t;ontaining 8-10% titaniec sulphate and 0,05+0,2% hydrated coe
pper sulphate as additives, cooling end isolating the produot.
as p-aminophenol sulphate formed snd reusing the electrolyte
for further reductlion,

To these ends the invention broadly conglsts in prepar-
ing p-nitroso phenol chemically bty the conventional method and
electrochemically reducing it to p-aminophenol,

The p-nitrogso phenol 1s prepared from phenol by dissol-
ving the rewisite quantity of phenol in alkaline media, adding
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157724
Fequisite amount of sodium nitrats, ocooling the whole gonteuats:

to a temperaturs rangs of 5-10°¢, adding requisite amount of
soddum-nitrate 30-40% sulrhuric acid selution of the same
temperature range slowly while mechanically stirring the
solution and isolating the product p-nitroso phenol formed
by filtering through & centrifuge, The resulting cake msy be
a8 such used in the slectrochemical reduction or may be dried
in vacuum and then & used, The product obtained by this methed
13 98 ¢ 1% pure based on estimation using titanous sulphate
method, The yield of penitroso phenol in such preparations
vary from 75 to 804, The method of preparation of p-nitroso
phenol from phencl 1s further 1llustiated in Bxample 1,

The electrochemical rediction of p-nitrose phenol
is carried cut in an electrochemical cell with copper
oathode, lead or lead-silver alloy annde which are separated
by a ceramic porous pot dlaphragm, The cell is covered with
a wooden cover with provisions for a stirrer, The catholyte
conalsts of & 15-0% sulplmuric acid containing 8-40% tataniec
sulphate asid-seludien and 0,05-0,2% hydrated copper sulphate
and a 15-40% sulpmric aoid solution is used as the anolyte,
The electrolysis is carried out at 1-5A/du® cathode current
density and 10-20 Mctm2 anode ocurrent density at a temperature
within the range of 4%0-50°C, The nitroso phenol is added 1n
snpll instajuents into the catholyte such that titancus
sulphate is always in excess, After reducing 20-30 gms of
p-tnitroso phencl per 100 ml of catholyte in this manner,
the catholyte is cooled to 20-30°C and the p-aminophencl
sulphate that precipitates out is filtered at = the pump,
The catholyte may again be reused for reducing further
@antities of p-nitroso phenolsy

The p-aminophencl sulphate obtained by the above
wethod 1s dissolved in water and neutralised with ammonium
bicarbonate to pE 7-8 and cooled to izolate the p-aminophenol,

The yield of p-amingphenvl from peniltroso phenpl by the above
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157724
method ranges between-75-854, The product was found to be

98 + 1% pure after recryatsilisation, The process for the
Production of p-aminophenol froe p~nitrose phenol 1is further
fllustrated by Examples 2 and 3,

EXAMPLE 1

Preperation of p-nitroso phenol from phenmol

90 g of sodium hydroxide was dissolved in ¥ kg of ioe
vater, 200 g of phenol was 4issolved in this solution and 180
£ of sodiun nitrate was then added, The solution was cooled to
a temperature range of 5-106°c, 270 ». of 96§ sulphuric scid
dissolved in 1350 20 of water, Water was then added during
& period of two hours elways maintaining the reactor tenperaturol
between § and 10° C, The mixture was allowed to settle for two
hours snd the selid p-nitroso phencl formed was filtered at &
sentrifuge, The precipitate was washed with ocold dllute suiphuri.
¢ acld and the wet cake cbtained was employed in the electroe
reduction, The estimation of a saumple by titanous sulphate
method indicated that 195 g of p-nitroso phenol was obtained
which gorresponds to over ?75% yield,

EXAMFLE «2

Rectrolytio reduction of p-nitrgso phenol to p~aminophenol

Cell ] es 2000 ml Pyrex Glass beaker

Cathode 1 .o Beénioug&u coPper electrode
Anode s . Lotdesilver slloy, 0.5 ds?
Disphragm s e 4060 # Ceramic porods pot
Catholyte ] e 1000 ml of 36,04 sulpiurie

acid containing 9, 6% tatanie

sulphate and 0, 1% hydaratead
copper gulphats,

Anolyte : eo 200 Ml of 36% sulpimrio scid
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Current 3
Cathode ourrent densitys
Temperature s
Average oell voltage 3

LR

*e

Total amount of p-nitroso

phenol reduced @

Total amount of current
pasged s

Total wt, of p-aminoe
phenol obtained

] Iiﬂ.d  }
Current efficiencys
Baergy sonsumptions

. Oversl)

Amt, of p-aminophenol
obtained from catholyte

o.c Total amount of
petminophenol obtained

o s Ticla
Curyrent efficiency
Bnergy consumption

Dated this

|71k

L X J

L X 2

5 A
2,66 Aan?
40-45%¢

2.4 » 2,8V

190 ¢
240, A~brs
137.0 ¢

81,k4%
51.“’
¥, 1 Fwh/kg

74,8 ¢

$88.% g

?77. 0%
61.9%
54 Kuh/kg
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THE PATENTS ACY, i

COMPLETE SPRCIFICATION
( Section—10)

*AN ELECTROLYTIC PROCESS FOR THE PRODUCTION OF
P~AMINOPHENOL FROM P-NITRO3SO PHENOL"®,

COUMCIL OF SCLENTIFIC AND INDUSTRIAL RESEARCH Rafl Marg,
Nrw:De1h1-110001, Indls, an Indian registered body incorporated
under the Registration of Societies Act (Act XAL of 1B60)
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and the mavner in which it is to be performed :—
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This is an invention by Handady Venkatakrishna Udupa, Polyyalur
Narayanan Anantharaman and Michael Noel, scientists of Central
Electrochemical Research Institute, Karaikudi-623006, Tamil Radu,

India and all Indian citizens.

Thie invention relates to an improved electrolytic proceass for

the production of p-aminophenol from p-nitroso phenol.

Hitherto it has been proposed to produce p-aminophenol from
phenol by nitrosation of phenol .to obtain p-nitroso phencl and
chemically reducing the p~nitrosophencl obtained using sodtum

polysulfide in alkaline media.

This method is open to the following objections. 1In the
polysulfide reduction process many side reactions occur due to
the instability of the p-nitroso phenol as well as the product p-
aminophenol in alkaline media. Hence recovery of the pure p-
aminophenol from the reduced black reaction mixture is a
difficult task in this process. 1In addition, the yield reported

(around 60.0% based on p-nitroso phenol) is also very low.

The object of the present invention is to obviate these
disadvantages by electrolytically reducing the p-nitroso phenol
ueing a redox system and other addition agents which enables the
reduction at 1-5 A/dm2 cathode curreni density with 75-85% yield
with 54-62% current efficiency. The electrolysis is carried out
in sulphuric acid medium and sufficient quantity of p-nitroso
phenol is reduced to separate the p-aminophenol formed as its
gsolid sulphate. The p-aminophenol is isolated from the sulphate

by neutralizing the salt with ammonium bicarbonate,
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The other main objectives of the process are to achieve i

{1) a clean dand simpler reduction when compared to the chemical
method. The electrochemical process proceeds without any side
reactione in the catholyte medium employed. The product p=-
. aminophenol is fixed as its sulphate salt as soon as it is formed

and hence it is also quite stable in the medium employed)

{2) the recovery of p-aminophenol formed as tts solid sulphate
from the catholyte medium, thus enabling the reuse of catholyte

many times to reduce further nitroso compounds.
The main advantages of the process are as follows:

(1) the use of electrochemgcal reduction producees higher yield
with very simple and clean unit operations when compared to the

chemical method.

{2) the recovery of p-aminophencl as its solid sulphate enables

the reuse of catholyte many times for reducing nitrosoc compound.

{3} the side reactions of p-nitroso phenol and p~aminophenol are

avolded thus enabling the production of pure product.

(4) the copper cathode employed may itself be used as the cell

contalner.

Accordingly, this invention provides an improved electrolytic
process for the production of p-aminophenol from p-nitroso phenol
which comprises electrochemically reducing the p-nitroso phenol

in a reusable electrolyte consisting of titanic sulphate and
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hydrate vper sulphate, dissolving the p~ aminophenol sulphate

a -
formed/ st water;, neutralising it withm carbenate at

pH 7-8 and cooling to obtain p-ammino phenol.

)q:ording to a feature of the invention the electrochemical
reduction is carried out in an electrolytic cell containing a
coppar cathode and lead or lead-silver alloy anode separated by a

ceramic porous pot diaphragm.

According ot another feature of the invention catholyte used
congigts of 15-40% w/w sulphuric acid, 8 to 108 titanlie sulphate
and 0.05-02% of hydrated copper sulphate and anolyte consists 15~

40% w/v of sulphuric acid,

chordimg to a still another feature of the invention the
electrolysis is carried out at 1-5 A/dm2 of cathode current
density of 10-20 A/dm2 anode current density at a temperature
range of 3¢° to 50°cC.

droosfvasl,

The p-amino phenol sulphate obtained is desemiivedt in hot water

and the insoluble ,empurities are filtered. The clear filtrate ia
dbmwuaﬂ;h .

treated wit%}fnﬂuun-bgagarbonate to a pH vallle of 7-8 and cooled

wherein p-amino phenol separates out. This is filtered anda

dried. The cooling temperature may be 10-15°C.

To these ends, the invention broadly consists in preparing\p-
nitreso phenol chemically by conventional method and
electrochemically reducing it to p-aminophenol. P-aminophenol is
mainly used as a photographic developer and as an intermediate in

dye manufacture,
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The p-nitrosophenol is prepared from phencl by dissolving the
req. isite guantity of phenol in alkaline media, adding requisite
amount of sodium nitrite, cooling the whole contents to a
temperature range of 5-10°C, adding requisite amount of 30-40%
sulphurie acid solution of the same temperature range slowly
~hile mechanically stirring the solutioﬁ and isolating the
product p-nitroso phenol formed by filtering through a
centrifuge. The resulting cake may as such be used in the
electrochemical reduction or may be dried in vacuum and then
used. The product obtained by this method is 98 + 1% pure based
on estimation using titanous sulphate method. The yield of p-
nitrosophenol in such preparations vary from 75 to 80%. The
nethod of preparation of p-nitrosophencl from phenol is turther

illustrated kin Example 1.

The electroqhemical reduction of p-nitroso phenol is carried out
in an electrochemical cell with copper cathode, lead or lead-
silver alloy anode which are separated by & ceramic porous pot
diaphragm. The cell is covered with a wooden cover with
provisione for a stirrer. The catholyte consiéts of a 15-40%
gsulphuric acid (w/v) containing 8-10% titanic sulphate and (.05 -~
0.2 % hydrated copper sulphate and a 15-40% sulphuric acid (w/v)
gsolution is used as the anolyte. The electrolysis is carried out
at 1-5 A/dm2 cathode current density and 10-20 A/dm2 anode
current density at a temperature ranging between 30 and 50°C.
The nitrosophenol is added in small instalments into the
catholyte such that titancus sulphate is always in excess, After

reducing 20-30 g of p~nitroso phenol per 100 ml of catholyte in
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this manner, the catholyte is cooled to 20-30°9C and the p~
aminophenol aqlphate that precipitates out is filtered at the
pump, The catholyte may again be reused for reducing further
quantities of p-nitroso phenol, after making up the sulphurie

acfd loss., The same electrolyte may thus be reused 8-10 times.

The p-aminophenol sulphate obtained by the above method may be
dissolved in water and neutralized to pH 7-8 and cooled to
isolate the p~aminophenol. The yield of p-aminophenol from p-
nitéoso phenol by the above method ranges between 75~85%. The

product was found to be 98 +1% pure after recrystallization.

The production of p~aminophenol from phenol thus consists of two
stages 1+ preparation of é-nitroso phenol from phenol by chemical
method and the subsequent reduction of p-nitrosophenol to p~amino
phenol by an electrochemical method, The electrolytic reduction
of p~nitroso phenol is carried out in a cell containing copper
cathode, lead or lead-silver alloy anode, using preferably 15-40%
sulphuric acid as anolyte and the same solution containing 8«10%
titanic sulphate and 0.05 -0.2% hydrated copper sulphate &
anolyte employing 1--5A/dm2 cathode current density and 10-20 A
/dm2 anode current density at a temperature ranging between 3¢-
50°C. A sufficient amount of p~nitroso phenol is reduced in the
electrolyte and the product p-aminophenol is separated ocutsidw
the cell by cooling the electrolyte and filtering out the solid
p~aminophencl sulphate and reusing the filtrate for reducing
further gquantities of p-nitroso phenol. The copper contaiasey

itself may be used as an electrode.
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The new result achieved due to the process of the invention is to
avoid the use of polysulfide which results in pure product (98
+1% purity) with higher yield (75-80% compared to 60%) and
elimination of the formation of many side products (due to
blackening polymerization etc in presence of polysulfide and
alkali). Reuse of electrolyte many times results in a cost

effective process which also reduces pollution.

The prepared process involvest

(i) the electrolytic reduction of p-nitroso phenol may be carried
out in electrolytic cells with copper cathode, lead anode and
ceramic porous pot diaphragm using 15-40% sulphuric acid {w/w) as
anolyte and the same containing 2:-10% titanic sulphate and 0.05-
0.2 % hydrated copper sulphate as catholyte at a cathode current
density of 1~5 A/dm2 and the anode current density of 10-20 A/Bmz

between the temperature range of 30-50°cC,

(ii) the electrolytic reduction of p~amino phenol of p~nitroso
phenol may be carried out in the electrolytic cell mentioned
above, the catholyte may be preferably be 30-40 % sulphuric acid
. (w/w) containing 8-10 % titanic sulphate and 0.1 - 2.0 % hydrated
copper sulphate. " The cathode current density range may be

between 2-3 A/dm2 and the temperature range between 40-50°C.

The process for the production of p-aminophenol from p~nitroso

phenol is further illustrated by Examples 2 and 3.
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EXAMPLE -1

Preparation of p-nitroso phenol from phenol-Hitherto known

process

90 c; of sodium hydroxide was dissolved in 5 kg of ice water 200 g
of phenol was dissolved in this solution and 180 g of sodium
nitrite was then added. The solution was cooled to a temperature
range of 5-10° C. 270 ml of 96% sulphuric acid dissolved in 1350
ml of water was added during a period of two hours always
maintaining the reactor temperature between 5~16°C. The mixture
was allowed to settle for two hours and the solild p-nitroso
phenol formed was filtered at a centrifuge. The precipitate was
washed with cold dilute auléhuric acid and the wet cake obtained
was emploved in the electro-reduction. The estimation of a
sample by titanous sulphate method indicateed that 195 g of p-

nitrosophenol was obtained which corresponds to over 75% yleld.

EXAMPLE -2

Electrolytic reduction of p-nitroso phenol to p-aminophenol

Cell ¢ 2000 ml Pyrex glass beaker

Cathode. t Semicircular copper electrode, .25
8gq dm -

Anode s Lead-silver alloy, 0.5 dm2

Diaphragm t Ceramic porous pot

Catholyte t 1000 ml of 36.0% sulphuric acid

(w/w)} containing 9.6% titanic silphate
and 0.1 8 hydrated copper sulphate
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Anolyte ¢t 208 ml of 36% sulphuric acid (w/w)
Current t 6 A

Cathode current

density t 2.66 A/am?

Temperature 3  40-50°C

Average cell voltage 1 2.4 -2.8V

Tetel amount of p-
nitroso pherol reduced 3 190 g

Total amount of current
passed s 249 Ah

Total weight of p-
aminophenol obtained ¢ 137.0 g

Yield v, 8l.4%

Current efficiency t 51.4%
Energy consumption 1 ‘4.1 kwh/kg
EXAMPLE -3

f p-nitroso phenol with the reuse of

Electrolytic reduction

catholyte

Cells, cathode, anode, : As in Example 2
diaphragm, .current

density

Catholyte t 1000 ml 18% sulphuric acid (w/w)}
containing 10.3% titanic sulphate

Anolyte s+ 200 ml 18% sulphuric acid (w/w)

Temperature : 45-50°C

3.4V

| 5

Average cell voltage



First batch

Total weight of p- t 147.5
nitrosophenol reduced

Total amount of current t 166.5 Ah
passed

Catholyte cooling : 10°C
temperature

The amount of solid
sulphate isoclated st 43.0 g

Amount of p~aminophenol : 29.6 g
obtained

First reuse

Total weight of
p~nitrosophenol added t 106.0 g

Total amount of

current passed t 133.5 Ah
Temperature to which :+ 10°¢
the catholyte was
cooled
Total amount of amine
sulphate isolated t 154 g

" Amount of p-aminophenol s+ 84.0 g
obtained
Overall
Amount of p- 1 74.8 g
aminophenol obtained
from catholyte
Total amount of » 188.4 g
p-aminophenol obtained .
Yield s 77.4%
Current efficiency t 61.9%
Energy consumption s 5.4 kwh/kg
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EXAMPLE -4

Cell, cathode, anode, t As stated in Example 2
and diaphragm

Cathplyte t 1000 ml 98 sulphuric acid (w/w)
containing 2.4% titanic sulphatae
and 0.15 & hydrated copper sulphate

Anolyte t 200 ml 9% sulphuric acid (w/w)
Current t 9A

Cathode current

density t 4 A /amz

Temperature +  $50-55°¢C

Average cell voltage s 3.8V

Total amount of
p-nitrosophenol reduced » 40.0 g

Total amount of t 39.0 Ah
current passed

Total amount of
p-aminophenol obtained 31 16.3 g

Yield t 40.7 %
Current efficlency t 38.8 %
Energy consumption t 9.1 kwh/kg
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l. An improved electrolytic process for the production of p-
aminophenol from p-nitrosophenol comprising electrochemically
reducing p-nitroscphenol in reusable electrolyte consisting of
thianic sulphate and hydrated copper sulphate, dissolving the p-
aminophenpl sulphate formed in hot water neutralising it with
Wzﬁnate at pH.‘?-s and cooling to obtain p-~amino-
phenol.

2. Procea:;fclaimed in claim 1 wherein the electrochemical

reduction is carried out in an electrolytic cell containing a
copper cathode and lead or lead-silver alloy anode separated by a
ceramic porous pot diaphragm,

3. Process as claimed in claims 1 or 2 wherein catholyte used
consists of 15~40% w/w sulphuric acid, 8 to 10% titanic sulphate
and 0.,05-0.2 % of hydrated copper sulphate and anolyte consists
15~-40% w/v of sulphuric acid.

4. Process as claimed in any of the preceeding claims wherein
the electrolysis is carried out at 1-5 A/dm2 of cathode current
density of 10-20 A/dm2 of anode current density at a temperature
range of 30° to 50°C.

5. An improved electrolytic process for the production of p-

aminophenol from p-nitrosophenol substantially as described and

illustrated hereingm &Wc 2 /4.
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pated this ./%.. aay of ..[7EMAYT. 1983,
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JOINT ADVISER (PATENTS)
COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH
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