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This invention relates to the dmprovemant in or relsting to tha
elsctrolytic reduction of 2-nitro-m-xylone t2 F-amivo.u-~xvlona,

Hitherto it has baen proposed LG reduce P-nlirv-m-xviens to
2-gmino~-m~-xylene with iron and hydreoehlovic acld, Since aniline hag
got a tendency to complsx with iron the product may neot be isolated
quantitatively with high parity. Moreover disposal of iron oxide
sludge causes s problem. The yileld in this process is reported to be
between 34 and 13, percent.

Electrochemlcal method can give high purity product with good
Yield. Many nitro compounds have baen reducad succeszfully and products
of high purity have been igolated with good yield. Yiclds over ¢0%
have been reported in the case of aniline, p-aminophencl, o-aminophenol,
m-phenylene diamine, p-chloro aniline and 2,% disminc tolune in this
lahoratory from thelr respective nitro compounds. Same procedure vas
adopted for ithe reduction of 2-nlirg-m-xylens io 2-amino-m-xylene,In
this case, undar similar conditlions the vield was less than 50% and the
currant sfiiciency was less than 20f. Hence a surface active agent
cetyl trimethyl ammonium bromide (CTAS) was added and it was found that it
improves both the yield efficlency. 79% yield end 73%
currant effiency vwers obtaluned for 2 amino-m-xylens,

The invention broadly consists in reducing s suspension of 2 nitro-
m-xylens in a catholyte of sulphuric scld uplc & cencentration of 20%
(V/¥)with about G.1% copper suiphate using stationsry or rotating
cathode of copper between 30-60°C but orefsrably betwaen 50-60°C uging
a range of current density upto QE'Afﬁmg but ﬁraférably Skafdma. The
anolyts ig sulphuric acid solution upte 80E Wt proferably 207 (V/V),

As diaphragm caramic or blue asbestcs butb praferably ceramic is used.
Load in the pure form or alloy {drs either az leed aniimony or Read Jfad.
sllver is used as the ancde. Addition agends like tltanidc sulphate
or titanous sulphate of concentration sguivalent o 10 9 Ti0, in éne
1itre catholyte is used, CTAB 1s also ussd as addition agent of con-
centration equivalent to 0.0If w/v of the satholyte. Sopper wulphald

_ - _iﬁqmwﬁﬁm&ééq@ﬂgﬁw%&ﬂwﬂﬁghﬁaﬁxﬁnCOpper sulphate
upte 0.1% (W/V) of catholyte s added o the satholyts and slectrolysis
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is ‘carri a out prior to addition of 2-nitro-m-zylene so that the copper
gets depositcd on the eathide snd hence increases the surfarce area,
Experiments were carrisd cut on both stationary and rotating
cathodes. Since lovwer current density {5A/dm?) leads to bhatter
efficlency stationary catinodes which 1s simpler to use must be sufficient.
In this cases as indicated in the examples stationary cathode glves |
better yield (79%} comparsed to the rotating cathode(f+.8%}.
The reduction is csrried out for thedretical tima(é Faradays for
1 gram mole) and afterwards 10% extra quantity 1is passed if needed to
gsas that no smelil of nitro compound is laeft afterwards. Later the
solution 1s either neutralised with ammonia or ammonium bicarbonate
till the pH is seven. If the electrolyte is to be reused the solution
is cooled to room temperature when 2-amino-m-xylene sulphate separates
out as solid. The solution is estimated for total sulphuric acid by
egtimation with gtandard sodium hydroxide with phenolphthalein indicator.
2-Amino-m-xylene in solutlon 1s estimated with standard sodium nitrite
with staréh icdide paper as indicator. Sulphuric acid taken by 2 amino-
m-xylene is thus estimated. For the next use of electrolyte sulphuric
acid 1s added to make the free acld conten§ 20% (V/V), Thus the reduction
is continued for the u@xt charge salso in the same manner as above. In
this way the catholyte may be reused, thua bringing down ths cost of
production. After neutralising the golution or 2 amino-m-xylene
sulphate solution with ammonia or ammdnium bicarbonate it is filtered so
that all solid matter 1like hydrolysed titanium salts or copper powder
will be removed and the solution will contain only agueous solution and
0il, the 2 amino-m-xylene.The oil can thus be separated out dsing
5 separating funnsi. The isolated ¢il can be distilled to remove water
which is present as impurity. After remcval of oil the aqueous solution
is saturated with sodium chlarid@ and the o0il is sxtracted with benzene.
The bengzene layer is removed snd subjected to evaporation over a vater bath
when the 2 amino m-xylens remains behind. Afterwards the 2 aninc-m-xylene
can be purified by distillstion ss mentioned eariier.
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Conditiong = Exampis 1
Catholyte s 400 ml 20% H,8 (V/V)contain
1% Ti0, as titadic sulphate + 0.1%
oopper gulphate + 0,01% CTAB
Anolyte : 100 ml 20% H,80, (V/V)
Cathode :Rotating copper of area"0.85 am®
Current t 5A
c.D. : 5.8 A/dnm’
Anode s Lead
Diaphragm : Ceramic porous pot
Temperature : 40 - 50%
Voltage s 3. 5 LW
Wt of 2 nitro m-xyléne added : 68 h
Wt of 2 nitro m-xylene recove-: Nil
red
Wt.of 2 amino m-xylene recove-: 31l.2 g
red
Yield : 64.8%
No.of amp hrs passed : 55
Current efficiency : 51.5%

7.05 kwh/kg amine produced.

. Example 2

Conditiongs

Catholyte : 2% ml 20% (V/V)containing 1%

. d T10, titanigasqiphate ¥ 0.1%
copper sulphate + 0.1%CTAB

Anolyte : 100 ml 20% BZS(')l+ (V/V)

Cathode : Stationary copper of area 2.26 an
(Copper vessel of 9 cm diameter and
9 cm height).

Current :t 10 A

Current density s Yol A/dme

Anode $ ‘Lead

Diaphragn : Ceramic porous pot

Tempera ture s 50 - 60°C

Voltage $ 3.5 ~ 4,5V

wt of 2 nitro m-xylene added : 136.8 g

Wt of 2 nitro m-xylene recovered : NIL
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Wt of 2 amino m-xylene sulphate $ 10 g
recovered as, solid

Totzl 2 amino m- xqune recovered s 85 g

as oil
Yield s 79%
No.of amp hrs passed : 155
Current efficiency s 73%
Bnergy consumption - $ 8.2 kwh/kg amine produced

Analysis was done by estimation with standard sodium nitrite in

th§ usual manner (Vide Laboratory Manual of Organic Chemistry - B.B.Dey
and M,V.S8itaraman) Purity was confimmed by B.P.also. Redistilled
2 amino m-xylene has a B.P.216°C. The product was found to be m
than 99% pure. |

The following are the main advantages of the inventions
1) The reduction proceeds smoothly with high efficiency so that
‘repeated reuse can be made : |
2) No other product other than 2 amino m-xylene is formed during the
course of reduction |
3) Uge of addition agents like copper sulphate, titanic sulphate and
CTAB have made the electrolytic reduction simpler as this reduction
‘can be carried out even under the stationary electrodes.
u) Isolated product is extremely pure. Froduct of purity over 99§
vas obtained.

Dated the 22nd day of February 19708.

. 84/~
Asstt.Patents Officer :
Council of Scientific & Indu;trul Researeh
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THE PATENTS ACT. 1970

COMPLETE SPECIFICATION
( Section—10)

AN ELECTROCHEMICAL PROCESS FOR THE PREPARATION OF
2 AMINO m - XYLENE FROM 2 - NITRO = - XYLENE

COUNCII, OF SCIENTIFIC 4 INDUSTRIAL RESEARCH, Rafi Marg,
New Delhi -« 1, India ~ an Indiam Registered bedy imcerperated
under the registratien of Secleties Act { Act XXI of 1860)

The following specification particularly describes and ascertains the nature of this invention
and the manner in which it is to be performed
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T™is is am inveation by Handady Venkatakrishma Udupa, Directer; Payya-
1lur Naraygnan Anantharaman, Sclentist and MWichasl Noel, Juntor Sclentific
Assistant all of Centra) Electrechemical Regsearch Ingtitute, Karaikudi -

623 006, Tndia - all Indian citizens.

This invention relates te the improvement in er relating to the elect-
rolyttic reduction of 2 nitrc m-xylene te 2 amino m-xylene,

Hitherts it has been proposed to‘reduce ? nitre m-xylene to 2 amino m-
x7lene with iren and hydrochloric acid. This is open to the following objec- .
tiong,. Since the amine has zot a tendency to complex with iron the product tg
not isolated quantitatively with high purity. Moreover dispssal ef irca eoxide
sludge causes a problem, The yleld efficlency in the chemical method is alse
low (35-407%).

The object ef the present imvestigations 1s to abviate these digadvan-
tages by an electrochemical method which can give high purity product with

‘ good yleld and current efficiency. In the naw process developed for the
reduction of 2 nitre m-xylene to 2 amino m-xylens yield upte 80% and curren’
efficlency upto 73%¢ are obtained, !ﬂl'.‘!‘—éﬁ—

The 2-amino-m-xylens obtained by the process of thisLare important
hlterlediatm”in the production of aso-dyes, aviation gaseline additive, use

el
as,a rubber ‘ccglerqb°5 ¢ agent for textiles, antioxidant for paint

pigmwents and frothing agent in ore dressing,
According to the iavention an electrochemical process for the preparas
“\;ﬁm‘ of 2 amino m-zylene from 2 nitro n—nleua‘ comprises electrolytically
- reducing a suspensionr of 2 nitro m-xylene in a supporting electrolyte of
sulphuric acid using an electrolytic cell with electrodes of copper as
cathnde, a strip of lead as anode and a porous pot as diaphragn.'

The preocess consists in reducing a suspension of 2 nitre m-xyleme in

s catholyte eof sulphurio acid upte a comcentration of 20% (V/V) using

stationery or rotating cathode of copper between 30~50°C using a range of
curreat dencity 1-7 A/dn‘?. The anolyte is sulphuric acid selution upte

bof (V/V) As dlaphragm ceramic or blue ashastos is uged, Lead in the pure
forx or alley form elther lead antireny er lead silver is used, 2-39 titani.
sulphate, 0.01 - C.1% CTAB and 0.1 ~ C.5% DuSO, 5Ez0 are used as additien

agents in the cathelyte to impreve the ngg.tmchénical Precess,
- ‘07 P
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In this process both stationary and rotating copper mﬁy be uged4s
the cathode.But as shown in the examples (Examples 1 and 3) stationary
cttbbde gives better results. , .

The reduction is carried out for theoratical time(é farsdays for 1 g -
mole) and afterwards 108 extra quantity is j)assed if needed to see that no
smell of nitro compound is left afterwards.Reduction is carried out till
more than 20 gms of nitro compound for each 100 ml of catholyte is reduced
and the solution is cooled below the room temperature say 20°C vhen 2 amine
m-xylene sulphate separates out as solid. For recycling the electrolyte, sul-
phuric acid is added to make the free acid antent 20% (v/v). Thus the
reduction 1is continued for the next charge also in the same manner as above,

Aafter neutralising the 2 amino m-xylene sulphate solution with ammonia or
amonium bicarbonate till the pH is brought between 7 and 8 1t is filtered
g0 that the solid hydrolysed titanium salt will be removed and the solutiod
will contain only agusous solution and the oily 2 amino m-xylene. The o1l is
‘geparated out using a separating funnel. After removal of oil the aqueous
solution is saturated vith sodium chloride and the small amount of remaining
oil in aqueous layer is extracted with benzene., The benzene layer is mvud
and subjected to evaporation over a water bath when the 2 amino u-x;lmﬂ
mains hebind.Aftervards the whole sample of 2 amino m-xylene is p\n'itud
by steam distillation.

Example 1
Gonditiomss
t : hoo ml 20% (V/V) + 2,48 titaric
Catholyte ate + gzgg'cﬁppor 1 te +
0. o CTAB
Anolyte : 100 ml 20% E,80, (V/V)
Cathode s Rotating copper of area 0.85 h2
cwryewy L 5A.

-8-



Current density

Ainode

Diaphragm

Temperature

Voltage

Wt of 2 nitro m-xylene added

Wt of 2 nitrc m-xylene reco-
* vered

Wt of 2 nitro m-xylene reco-
vered

Yield
No.of amp hours passed
Current efficiency

E}‘lergy consumption

Conditions:
Catholyte

Anolyte

Cathode

Current density

Current

Anode

Diaphragm

Temperature

Voltage

WY of 2 nitro m-xylene added

Wt of 2 nitrc m-x7lene raco-
" veread

Wt of 2 amine m-xylens sule
phate recovered
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s 5.8 A/dm®

¢ Lead

¢ Ceramic porous pot
4o - 50°%

t 3.5 - LV

68,4 g

¢ Nil

[ 1]

*®

31l.2 g

s 64.8%

2 55

t 51.5%

s 7,05 kwh/kg amine produccd

Example 2

: 250 ml 20% gzelsgx,(vn) o 20 tf tande
gulphate + 0%1% copper sulipuniz +
0,01% CTAB

: 100 ml 20% H,80,(V/V)

s Stationary copper of area 2,26 eﬁsag

(copper vessel of 9 cm diametsr and
9 cm height)

s Lol l,\/dm2

$t 10 A

$ Lead

s Ceramic porous pot

s 50-60°C

3 3.5 - b5V

$ 136.8 ¢

s Nil

L2

10 g

aQen.
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2 smino m-xylene recovered ]

Feipd 2

N ”)*L.l

yiet

#ir.uf amp hrs psssed

*e

vant efficlency

e

Y1y congumption

L2

85 g

79%
155
73%
8.2 kwh/kg amine produced

Egample 3

o

rLnnde
wathode current density
innade
iaphragm
Jemperatiure
21l voltage
¥irst electrolysigs
W% of 2 nitro m-xylene added H
Ho.of amp hrs passed 1

Temparature to which the catholytg,
was cooled

~mount of 2 amine m~xylene sulphate:
separated out as solid

'F}cz 8 s reus s‘u!

imount of HéSOLaddad $

‘it of 2 nitro m-xylene added 3

“o.0f amp hrs passed 3

remperature to which the catholyte 3
288 Cco0led

mount of 2 amino m-xylene sulphates
separated out as solid

-1

250 ml of 20¥ /) + 2,u%
titanic sulpha

23?08&5 CuS0), 5,0
051, CTARB .
100 ml of 20% 1,80, (V/V)
Cu cathode of ares 1.6 dmzstationary
6.25 A/dn”
Lead silver alloy (1% silver)
Ceramic porous pot
45 - 50vC
4,6 - 5.0V

56 gms
70 A hrs
20%C

L,k gms

l{'S'O gus

33.6 gms
L5 A hrs
20°¢C

13.1 gns

0-
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Overall resuit

Total amount of 2 amino m-xylene t 55.0 gms

isolated
Yield 3 76.6%
Current efficienay : 63.7%

Energy consumption

L

10.45 Kwh/kg

- Analysis was done by estimation with standard sodium nitrite in the
usual manner (Vide Laboratory Manual of Drganic chemistry - B.B.Dey and
M.V,Sitaraman) and found to be of 99% purity. Purity was confirmed by
B.F.also. Redistilled 2 amino m-xylens has a B.P. 216°C.

The following are the mailn advantages of the invention:
1) The reduction proceeds amoothly with high effiency so that reuse
~of catholyte can be made to the extent of about two,
2) No product other than 2 amino m-xylene is formed during the course
of reduction. ,
3) Use of addition agents like copper sulphate, titanic sulphate and
OTAB have made the electrolytic reduction simpler as this reduction can
be carried out even under the stationaly electrodes.
4) The yield and efficiency are comparatiyely higher than the

chemical method.,
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Mg Clainm 3

1. An electrochemical process for the preparation of 2 amino m-xylene
from 2 nitro m-xylene comprises electrolytically reducing a suspension of
2 nitro m-xylene in a supporting electrolyte of sulphuric acid using an
electrolytic cell with electrodes of copper as cathode, a strip of lead
as anode and a porous pot as a diaphragm.

24 Process as claimed in claims 1 wherein the 8lectrolyts when used

as catholyte has a sulphuric acid concentration of 20%(V/V) and a concen-
tration of upto LO%(V/V) when used as anolyte.

3. Process as claimed in claim 2 wherein the anolyte used has a concen-
tration of 20% H,80,(V/V).

L, Process as claimed in any of claims 1 to 3 wherein the stationary or
rotating cathode is used.
Se Process as claimed in any of the claims lel wherein the porous

diaphragm used is ceramic or blue asbestos,

6. Process as claimed in any of the preceding claims wherein there are
added 2-3% of titanic sulphate, 0,01 -0,1% cetyl trimethyl ammonium bromide
and 0.1-0, 5% of CuSO,5H,0 to W/V of the catholyte. ‘

7. Process as claimed in any of the preceding claims wherein the eleetro-
chemical reduction is carried out using a current density range of 1-7A/nn2
at a temperature between 30 to 90°C preferably at 40-60°C.

8. Process as claimed in any of the preceding clalms vwherein anode used
iu of pure lead or an alloy of lead-antimony or lead silver.
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9¢ An electrochemical process for the preparation of 2 amino
m-xylene from 2 nitro m-xylene substantially as herein described

and 1llustrated in examples 1, 2 and 3.

Dated this 7%h_ dayof __Maxch ____ 1979.

8d/=
(I.M.8.MAMAK)
Scientist-in-charge( Patents)
Council of Scientific and Industrial Regearch.



