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I 31037 .
“nis 1s an invention by Handady Venkatakrishna Udupa,
Director; Payyallur Marayanan Anantharaman, Scientist and
Michael Neel, Junior Scientific Assistant all of Central

Klectrochemical Regearch lustitute, Karaikudi 623 006, India-
all Inidian citizens. '

T-is invention relates tv the improvemenis in or relating

t0o the electrolytic reductlion of m-nitrotoluene (mNP) to
m-toluidins (m-T)

Eitherto 1% has besn proposed to reduce mNT by Bechamp
reduction using iron and Lydrochloric acid,

Flectro reduction
of mNT is also reported

in 2cid medium using copper cathode,
With relating cathodes current efficiency(C.5.) upto 84.0% is
reported at a curreant density(C.D) of BA/dmg,

These metnods are open to the followini objections. In
the Bechamp mebthod use of metal powder is invelved and disposal
of large quantity of Fe-gludge remains a problem, In the
eleotr nchemical method as mNT to catholyte volume ratio in-
creases the current efficiency is lowered and hence sufficient
quaﬁtity of mNT csnnot be reduced by this method to recover
the mt as its solid sulphate from the gcatholyte. Hence the
cathol.yte cannot be reused in this method.

""ne object of this invention is to obviate these dis~
advan:ages by reducing mNT electrochemicelly using en addition
agent which allows the reduction at higher density with high
ourrent efficiency. 30 to 35 gas of mNT ls reduced per 100 ml
of catholyte. The m-T formed is converted to it's salt and at
higher concentrations and lower temperatures it separates out
ag 8 solid. This allows the economie recovery of n-T and
reuse of catholyte. With this addition sgent, with stationary
cathode a current density of 5-10 A/dn2 and with a rotating
cathode a current density of 15-25 A/dm2 is applied with 8
current sfficiency of T0%

Po these ends the invention broadly consists in reducing &
suspeasion of mNT in 30-40% H,50, conteining 2-3% titanic
gulptate and 0.05 - 0.:% copper sulphate &s the catholyt;. tvor
304 (ffo E2804 ims used as the anolytef a lead strip or lea d:a ::!m
alloy is used as the anode, & ceramic pot 1is used ag the zhoa.
and copper in the form of & vegsel or sheet serves as the of
for stationary elegtrode conditions. For rotating electrode
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conditions & oylindrical Cu red ia used. The aleectro reduction iy carried

out in a clossd vessel with provigions for stirrar, themometar, porous pot

and zondenser. A cathods current desnsity ranging from % to 10 Mﬁz for

stationaty cathods and 1525 A/dm® fop rotating cathods Sa spplisd. =T
ie added in small quantitims ai regular intervals. Ths tempersturs during

electrolysis 1e maintailned betwsan 40-60°C, 10X excess of the cherge

required to reduce the ANT complstely ie pesesd, The m-T formed i then

sstimated by hromination method, Yisld upto 97% and currunt sfficienay

uptc 86,1% 1s obtained {Example 1).

vhen the electrolysis 1a carried cut adding aNT in emailer ingtaiments
tily 25-35 gme of WNT par 100 al of catholyte is reduced, mT Formed
sepnrates out sa m=toluidine sulphate (aTS). The catholyts 1e coolad to
20-359C and filtersd., The K50, content of the catholyts ie mads up to
35X by addition of fresh stl)‘ and reused Por reducing more mNT. 13-17 gme
of wNT per 100 ml of satholyta sey be ceducaed at asch reuse. Exmsuple 2
gives the d.t'd.i. of the reuss of datholyte three times. Howevexr the

oatnolyte may be z'-cund ten timsw in the sama way,

mY may bs recoverad from m7S by danolving it in watsr neutralising
with liquor “Of;il. The free bess libersted ie steaw uistilled to gat
pare =T, with 98% LR grsds WNT used during the slsctrolyals the mY
obtained by thia method is 99% pure, The wecovery afficiency frowm aT§

toc T fe found to be betwsen 80-85%

Tha Poliowing ars the main advantages of ths procesat
1) 1In comparison with the chenicel method use of wmetal powder ad the
difriculty of dealing with Fe aludgs is complately evoided. This 1s the
acuantege over ths chemical method.
2!  Use of addition agents snablss uge of stationary csthades and higher
currsnt densitiss. These factors respectively snabisy o the use of

sispler and swaller cell design.
3
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The recovery of aT es aT8 and reves of satholyte meny tisss enalileg

lower Gost of produstion to bs achieved.

4)
994 purity,
EXALE 1
Csl)

Cathode
Cathode arsas
Cathode .de
Mnode

anods ares

Cathelyts

Anolyte

Averege csll voltage
Teapersfu e

Yotal charge peseed

Total walght of miT reduced

Tenpetesure o8 t0 vhish the
catholyte was ovoled

fotsl weight of eolid mT8
ssparsted out

Total a7 forwed
Yield

Cursent afficiensy
Energy consumptien
4.7 - 9 3

Gangl tionas

Cell

Cathode

Cathede sres

Isolation of the pradust is very sispls end the Lerleted preawt Lo

1000 =1 glage besker

Rotsting eylindrical sepper red
?

15 Wenl

Lead

0.9 &’

R T
100 =1 3% lxl. |

N

&-80°C

145 A hre

118 gme
20¢

9.8 ghe

| 67,25 gme

74.07%
0,025
15,74 Wiy aT prodused

1000 w1 glass besker

Capper plate

1.9 o’
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- Catheds n.d.
mnode
Made eres
Catholyte

Anolyle

Averege sell nlt;.n
Teouperature

Firat basehe

Mmount of aNT ADDED
Wo. of amp hrs pasesd

Temperaturs to which catholyte
wes coolsad

_ Weight of mTS isclated
fsuge

nount. of mNT added
No. of emp hrs pasesd

Temperature to whish catholyte
wes 0OOled

Weight of aTs ieolated

foupg 2
Mmount of aNT sdded
%o. of sap hre pasesd

Tempezature to whish catholyte
wes cooled

weight of uTS lsolated
Sougn 3

pmount of aiT sdded
o, of smp hre pasesd

Tespereture to whish esthelyte
wao ~

welght of aTS Leslsted

] v.’

. Load

0.9 &’

500 a1 of WY
n(w,), end

80, sontalning 2,44

% e, Sue

100 i of 3K Hy80,

S.0v
48-80°C

173.3 gme
270 A hee

20°C
110.0 gme

9.4 gne
97.8 A hre

32¢C

78.4 gme

81,0 gme
112.5 amp hre

20¢C
0,3 gne

81,0 gme
112.8 A hxe

20°C
116.0 ¢.
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Overall

Total waight of miT reduced s 40:,7 gme

Total wsight of mT eatimsted as

solid ] 44,9 gwe

Total welght of a7 in asolution 2 38,4 gme

Oversll yield -fé’ieiawy $ 89.1%

Overall current efficisncy | Y 71. 3%

Energy coneumption ) 11.8 kwh/kg m[ produced
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THE PATENTS ACY. N

COMPLETE SNRCIFICATION
( Section~—i0)

» AN IMPROVED ELECTROLYTIC PROCESS AND CELL FOR THE
PRODUCTION OF m-7OLUIDINE FROM m-NITROTGLUENE.®

COUNCIL OF SCIENTIFIC AND INTUSTRIAL RESEARCH,
Rafi Marg, New Delhi - 110001, India, an Indian
regiatered body incerporatad under the Uegistra-
tion of Socleties zet ( Aot XXI of 1860 ).

The follosing .pedﬁmﬁou pasticulariy describos and ssosziaing the nature of this invention
undxhemanwinwhkniﬂswwwimmd:m
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This 1s an invention by Hendady Venkeatakrishna Udupas,

D;rector; Payyallur Nerayanan Anantharamon, Soientisf and

Michael Noel, Junior Scientific Assistant, all of Centrsl

Electrochemical Research Institute, Karaikudi-623 006
Indian citizens.

, 01l

Tﬁi:‘inn:ntion relates to an 1iproved electrolytic
processl;oﬁgthe production of m-toluidine from m-nitrotoluene.

Hitherto it has been proposed to reduce m-nitrotoluene
by Eechamp reduction using iron and hydrochloric acid,
Electro-reduction of m-nitro tolpenc is also reported in
aciu mediwn using copper cathodes. With rotating céthodcl,
ocurrent efficiency upto 84,0% is reported at a current
density of 5 A/dma. At higher current densitlies, the
curcent efficiency is much lower.

Th.sp methods are open to the Iollowing obJjections.
In the Bechamp method use of metal powder is involved and
dispersal of large quantity of Fe-sludge remains a problea.
In the electrochemical method as m-nitro toluene to catholyte
volume retio increases the o -vent efficiency is lowered
and hence sufficient quantity of m—nitro'folunne cannot be
reduced by this method bo recover the m-toluidine as its
so*id sulphate from the catholyte. Hence the catholyte

cannot be rensed in this method.

The object of this invention is to obviate these
disadvantages by reducing p-nitro toluene electrochenically .
using an addition-a;ent which allows the reduction ’E

8



1 S1037
highsr current density with high ‘current etficiency.

30 to 35 g of u-nitro toluene is roduced per 100 ml of

' catholyte.  The m-toluidine rormed is convnrtod to its

salt and at higher concentrations and lover tenporaturoa

it separates out as a solid. Thia allnws ‘the economic

rbcov‘rv'of m-toluidine and reuse of catholyte. . With
»this addition sgent, with stationary cathoda a surrent -
density of 5~10,A/dm? and with a rotating cathode a
curreht density of 15-25 A/dn® is applied with a current
-efficiency of 70%.

The other main objectives of thh process are to.
jachieve:

" 1) in comparison with the chemical method to avoid
use of rietal powder and the difficulty in Gesling with ,
- Fe sludgd;
2) Use 6f addition sgents to. enable use of stationary.
'cdthodkaland higher current densities, Théue factors
Trespectively enables the use of sinplor and smaller call
fgosign; and

3) the recovery of m-toluidine as m-toluidine sulphats
and to reuse ot‘catholyto many times to ensble lower cost
or production to be achieved.,

Agcordingly this invention providea an 1nprov.d
slectrolytio process for the production of m-toluldine f!nm
‘m=pitro toluene in an acid nedium &8 an alcctrolyto that
is characterised in that m-nitro toiuene is electrochemicalily

9
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reduced as ‘a suspension in an electrolyte cenzutmg of
sulphuric acid and an exmkx admixture offe=B-of titanis
sulphate and 0,05 = 0.2% of hydrated copper sulphete ss
an additive, cooling and 1aqluting the m-toluidine sulphate
formed and reusing the elecsrulyte for further reduction.

Tc these enda tln invention broedly eonsista in
r.duc:lng s suspension of m-nitro tolusne in 30-40K Kﬁ
containing 2~ titanic sulphate and 0,05-0,2% copper
sulphate as the catholyte. ' 30-‘0096 H S0, 1s used as the
anolyte, & lead strip or lead silver alloy is used ‘as the
anode, a ceramic pot is used as the diaphragm and copper
in the form of a vessel of sheet serves as the cathode
for stationary electrode conditions. For rotating

slectrode conditions a cylindrical copper rod is used.

Th_'. electro~-reduction is carried out $n a closed vessel
with provisions for stirrer, thermometer, porous pot snd,
condenser. A cathode current density ranging from

5 to 10 A/da’ for stationary cathode and 15-25 A/dn® for
_rotating cathode is epplied. m-Nitro toluene is edded

in mll quantities at regular mumm The w
during tloctrolyais is mainuincd between hO—GO‘C. 100
exceas of the charge required 4o reduce the m-nitro talueme
completely is passed. The m-toluidine formed is then
estimated by bromination method. Yield upto 97% and
ourrent efficiency upto 86.1% is obtained (W" 1)
Vhen the olcetmlysu is wried out adding a~pitam
toluene in similer instalments till 25-35 § of A-uitre
lo
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toluene per 100 ml of catholyh is reduced,

m-toludine
formed separates out as w-to].uidinc sulphete, The
nthOIy'bo is mled 4o 20-3%°C and filtered. The nzpo,.
content of the catholyte is made up to 35% by addition of
fresh H SO, and reused for reducing more m-nitro tolusne.
13-17 g oi‘m-kitro toluene per 100 ml of catholyte may be
reduced at each reuse. Example 2 gives the details ..ot'
the reusé¢ of the catholyte three times. Ho'nver, the
catholyte may be reused ten. times in the same way.

s=Toluidine may be :ecovored from m-toluidine suylphate
by dissolving it in water neutralising with liguor asmonie.
The free bese liberated is stesm distilled to get puve
m-t0] luidine. ﬁith'98¥ LR grade m-nitro toluene used
auring the .loctro].ysis the m-toluidine ebtained by thu
pethod is 99% pure. The recovery efficiency from me
toluidine sulphate to m-toluidine is found o be betwsen
80-85%.

The invention is further illusted by following

exanples.
EXAMFLE 1
Cells “¢s . 1000 nl Glass besker
o Rohtigs'cy_mmm oopper
Cathodes s o
Cathods areal .o 66 om
: 15 A/dn’
Cathods. ourrent density: oo
aAncdes oo Lead
. . ‘ .
Anocde areas oe u,

Y
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gﬁzﬂ.

Catholytes oo 202%1%1 ng E.lgi 4, g;:‘n&%in
Anolytes s 100 21 35% H,80,,
Aworngo cell voltages oo 6.0V
U.‘em;)eraturet o 45=-50°C
Total charge passed? e 145 amp-hours
Total vi. 0of m-nitro : ,

.toluene reduced: , e 115 ¢
:l‘om erature to which the |

catholyte was cooleds oo 20°C

Total wt. of solid

m-toluidine sulphate S

separated outs oo 98 g
‘rotai m-toluidine formeds .. 67.25 g.
Yields e ThBTH
Current efﬁc_ienéyt .o 69.82"‘,
Energy consumptions .e 13.7hpx§:tduu§g¢?-to1umm.

w...a

Cells oo 1000 ml Gless beaker
Cathode: oo Copper plato,
Cathode areas ve 1.9 @2

c‘thod. ourrent dcmityl es B A/dnz'

‘Anodes oo Lead
Anode areat oo 0.9 d‘a
Anolytes ee- 100 ml of Bﬁ 52301,

. &verage oell voltages
" Temperature!

YR

. 5.0?

45-50°C
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ZArat batchi
Amt. of m-nitro toluene addeds
No. of amp-hrs passeds

Temperature to which catholyse
was cooledt

Wt. of m-toluidine sulphate
isolated:s

Bauae 1
amt. of m-nitro tolusne addeds
No. of amp-hrs passed

Temperature to which catholyte

was cooled:

Wt., of m-toluidine sulphate
isolateds

Reuse ¢
Ast. of m-nitro toluene added:
No. of amp-hrs passedt |

Temperatire to which catholyte
was cooleds

Wt., of m-toluidine sulphate
isolated:

Reuse 3
MAmt., of m=nitro.toluens addeds
No. of smp~hrs passeds

Temperature to which catholyte
“was cooleds

Wt. of m-toluidine sulphste
isolateds

/13

173.3 &
270 A-hrs

20°C

69.4 [ 4

97.5 emp~hrs
32¢C

78.4 g

81.0 g

112,5 amp~hrs
20°C

60.3 g

61.0 g

112,35 smp-hrs
20°C

410.0 g
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gverall

Total wt. of m-nitro toluene

Total yt. of m-toluidine
estimated as solid

Total wt. of m~toluidine in
solution

Overell yield efficiency:

Overall current efficiency:

Energy consumption:

' 4

404.7 &
244.9 g

36.4 &
89. 1%
71.3%
11.6 Kwn/kg
n-toluidine

produced.
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1} An improved electrolytic process for the
_production of m-toluidine from m~-nitro toluene in an
electrolytic cell having an acid medium &g an electro-~
1yt @& characterised in that m-nitro toluene is electro- -
chemically reduced as & gsuspension in an electrolyte
congisting of eulphuric acid and en admixture of 2-4%
of titanium sulphaxa and 0.05-0.2% of hydrated cépper
gu.phate as an additive, c001ing and igolating the
m-:0luidine sulphate formed amd reusing the electro-
" 1yte for further reduction.
2) Proéess aa claimed in oleim 1 wherein a atatiomary
cathode with 8 current densitf of upto 10 A/dn2 i; used.
3} Process &g claimed in claim 1 wherein a rotating
cei;hode with a curren%d density of uwpto 25 A/dn2 i; used.
4) froceea as claimed in any one of the prece.ding
claims wherein the electrolyte used consists of 30-40%
gulphuric acid snd an additive of an admixture of 2-3%
t-tapic sulphate and 0.1% of hydrated copper sulphate.
'5) An 1mproved electrolytic process for the
production of m-toluidine from m-nitro toluene

substantially as nerein described and illustratod.

15
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6) An elsctrolytic cell for carrying out the process
ag claimed in any of the preceeding claims which comprises
a stationary or rotating electrode of copper as cathede,
a strip of lead or load-iuvor alloy (1% gilver) as amode
and.c ceramic porous pot &s 8 diaphrags, separating the
_. sathode and anode compartment &% a temperature betwsen
40-60°C.

.7) 4 cell as claimed in claim 4 wherein the cathode
used is a stationary ocathode .,nd'th.e current dom_ity is
upto 10 A/dmz. ‘

8) A cell as claimed in claim 4 wherein the cathode
used is & rotating cathode and the current density is
upto 25 A/dm°.

imted tnis 19th day of April, 1980.

(Q. V. BATHAN)

OF RINFRY & SON
AGENT POR THR APPLICAMES
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