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- PROVISIONAL SPECIFICATION
“ ' ( Section No. 4)
« IMPROVEMENTS IN AND OR RELATING TO THE MANUFACTURE OF BENZIDINE AND
SUBSTITUTED BENZIDINES, »
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The following Specfication describes the nature of this Invention :—

Tats 18 AN NvENTioN 8Y HANDADY VENKATAKRISHNA UDUPA, GOBICHETTIPALAYAM SRINIVASAN SUBRAMANIAN
AND KO]%PTHOOR ExH.RIVARA UDU’PA aLn OF THE CENPRAL Ermovgo-cEEmMIcal RESEARCH INSTITU‘IE
Iypia, avy Ivpraws,

Benzidines ars an imporiant class of intermediates in the
dyestaff industries and eve larpgely used in the synthesia of azo
dyes, the most important membker of which is Congo Red.
In combination with heptaldehyde benzidine iz used as an
ageclergtor in rubber vuleanization, Benzidine also finds some
application for detection of sulphates in water and the identi-
Beation of bloed.

The preparation of benzidine by the electrolytic reduetion
of @ suspension of njtrobenzene in hot alkeli hae already been
covered by an Indian Patent No. 32486 (1945}, The conditions
described therein are the use of stationsry clectrodes and low
current densities with dissolved [vad monoxide in the alicali.
The present investigation bas been directsd to improve on the
provess and {he improvements made pow ave () the use of a
rotating ¢athode end (b) consequent employment of high cur-
rotit dengities, mainteining high efficlency of veduction and slso
(¢) lowering the total time of slectrolysis using the ssme cathode
area. The use of rotating cethode simplifies the design of kigh
capacity eells, Tt is established that oven high current densities
are beneficial for good yiolds, The reduction ia sm.é?ot.h snd
almest theoretical yields of hydvaze benzene is obtained, For ihe
same amperage as could ba passed in the previous patent (No.
32486), the present Improvement rade uses a more compach
cell thereby leading e savings in floor space, We claim the
rotation of the cathodo as a novel femture of the invention
leading to atdvantages enumerated above.

Prooedure ;

Oa & laboratory scale, the reduction was studied using a

. dise-type mild steel, nickel or nickel plated, metal {copper)
cathode and 109, sodium hydroxide solution ag eatholyte and
anolyte being 309 WaOH. A diaphragm of asbestos oloth weas

used in the form of & cyiinder wound on a mild steel or mickel

plated mild steel cege. The temperature oF electrolysis was
80.85° and 100 g of nitrchenzene was added for every 400 co
of the eatholyte and the rednction was earried out to the
theoretical time based on nitrobenzene taken. When $0%, of
the curtent was passed, xylene was added snd the reduction
was completed when the coloar of the xylene layer becomes
almost of constant (light yellow) shade. The xylene layer was
soparated and converted te benzidine by standard methods of
reacting with acids.

Experimental :

The c¢ell congiste of one litre spoutless pyrex beaker with
a tight-fitting sover made of asbestos cement sheet (1737 thick)
with proper holes for ashostos diaphragm, (27 diam. “%X 8 long),
rotating cathode =nd condenser, 400 oe of 109, {by weight)
godium hydroxide was taken and to it was added 19 {(weight :
volume) of lead monoxids and the alksi heated ill the tem-
perature wad 85°C. Lesad monoxide dissolves while heating and
the clear solution is taken inko the cell, 100 ¢e of 309 sodium
hydroxide (by weight) is also prepared as anclyte and soparate
iy hemted to 85°C and faken in the anode compertment. The
cathode is made of siz mild steel dises 1" diam. with 5
spacers mounted on & phaft &nd the total cathode area is
nearly 0.8 sgq. dm® Xt is rotated by a frastionsl horse power
motor through a glass bush at 1800-2000 B®.P.M. ‘The anode
is 8 sirip of mild steel plate or of nivkel plated copper, 178"

’

efﬁﬁ)@

214, LOWER CIRCULAR ROAD, CALCUTTA-11.

thick. Current density of the erder of 15 to 25 amp{dm? wag
etnployed. Niirobenzene in the rtatio of 100 g: 400 ec of
catholyte was added, When 909, of the theovetival ocumrrent
wag passed, xylens is added (100 ce for every 100'g of nifro-
benzene) and the eleotrolysis oarried to the theorotical time
when it iz found that the xylene I&yar sssumes & oolour of,
constant shade.

The xylene layer iz then separated and converted to benzi.
dine with hydrochloric acid and ice and the benzidine hydro-

ehloride ¢ orystalliced and the yield is calculat&d as hydrazo-
benzene,

The yields obtained are 88 to 309%, of hydrazo-benzene and
the results. were confirmed by & number of laboratory experi-
ments. .

EXAMPLE T
Catholyta R 400 ec of 109, NaOGH
Phlr ’ + 4 gmg
ﬁnolyte / 100 ec of 309 NaOH
Weight “of nitrobenzena
taken } 100 g
Cathods : Dise type iron
Arca 0.8 2¢q. dm 3
Current density : 25 amp/dm? ’
Tirr}e ' Theoratical eurrent
TFemperatura 30 to §85°C
Benzidine bydrochloride
obtained } 78.7 gms
Theoretical yield 29,43 grns
> 0, yisld 78.7
°° x 100
89.43
=889,

EXAMPLE T

Catholyte 400 ec of 109, NaOH
PuO 4 gma

Anolyte 100 oc of 30% NaQH
W::a&ga};; of Q-pitretoluene } 100 g

Cathode Diso iype iron

Area 0.8 8q. dm

Current density 23 arepfdm?

Time Theoretical current
Temperature : 80 to 85°C
o-Tolidine galphate bo42s2 g

- Theoveilcel yield 103.04

2% yield 37.419,

afyicld of Azo toliuene _23.75%

oyield of o-Toludine 159

Price: TWOQ RUPEES.



2 68869,

According to our invention, the rotating cathode is used
for the reduction and is best made by mild sgeel in the form
of dises wilh a coaiing of spongy lJead oBtained in sibu by
addition of 1%, ({weight: volume) of lead monoxide to the
catholyte, so that spongy lead deposited amounts to above
0.014 mole/dm? The eatbode employed could be salso eylindri-
cal sheped wmild stesl, or made of nickel or niokel plated eopper
or other metals.

The results chisined on & large scale laboratory unit will
be reported in the complete specification to be filed later.

The following are the cntstanding festures of the present
invention :

{1 A process for the olectrelyiic reduction of nitrobenzene

and substituted nitrobenzenes iz characterised by the use of

& rotating cethode enabling nse of a wide range of surrent

density of the corder of 3 to 30 ampfdme, but preferably high
current density of the order of 15 to 25 amp/dmZ.

{2) A process as in (1} wherein, either mild steel, niskel
or nickel plated metal {eopper) are used as ¢athodes and mild

&teel, nickel or nickel plated metals (copper) are uged as
anodes,

(3) A procoss as in (1) wherein reduction is carvied out
by keeping nitrobenzene in suspension in ocsustic alkali solution
of & to 15%, strength but proferably in alkali of 109, strength,

{4) A process as in (1} wherein lead monoxide is added
to the catholyte so as to give a spongy oathodie deposit of
lond, not less than 0.014 mole/dm?,

(B} A process as above wherein the elecirolysis iz ocarried
out at a temperature of 70°C to 95°C but preferably at 80°
to 83°C,

(6] A procesa as above whereln a solvent such as xyleno,
toluene elc., is added when 90% of tho theoreticel current has
been passed to help keep the hydrazo.honzene in eolufion.

{1} A procoss as above wherein a diaphragm of asbestos
cloth over a mild sieel, nickel or nickel plated metal cage 1a
ompolyed to from tho anode chamber.

{8) A process as in {1) whersin tho use of rotating cathode
porroits easy design of high vapacity colls requiring less floor
spaca, abc,

F. BHABKAR PAT
Patents Officer,
COUNULL OF SCIENTIFIC & INDUSTRIATL
RESEARCH.

Daied this 20th day of August, [959.
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The following Specifioation particularly describes and  ascertaing Ihe nature of s imention and i mamner

in whick # ir fo be potformed 1 —

THIS I8 AN INVENTION By HANDADY VENKATAKRISHNA UDUPA, GOBICHETTIPALAYAM SRINIVASAN SUBRAMANIAN
AND EODETHOOR SHRIVARA UDUPA, axr or tag CesTesl ELECIRO-CHEMICAL RESEaARCH INSTITUTE, INDIA, LT FNDIANS.

Benzidines are an important class of intermediates in ihe
dyestuff industries and are largely used in the synthesis of azo
dyes, the most important member of which is Congo Red. In
combination with heptaldehyde benzidine is used as an accele-
rator in rubber vulcanization. Benzidine also finds same appli-
cation for detection of sulplwates in watar and she identi-
fication of blood. ) *

The preparation of benzidine by the sleetrolytic redustion
of & susponsion of nitrobenzene in hoi alkali has already been
covered by an Indisn Paient No. 32486 (1945). The conditions
deseribed therein are the use of staiionary elecirodes and low
current densities with dissolved lead monoxide in the alkal..

The invented process for the manufaciure of benzidines and
substitated henzidives by the eslectrolylic reduction of niire-
benzenes or nitrobenzenes substituted with ~0H,, -Cplly;, -OCH,,
-0CyH;, C1,-0H groups in ortho position to -NMOg group and
reacting the hydrasohenzencs and substituted hydrazeben.
zenes thus obtained with acid is characterized in thab the
clectrolytic reduction is ecarried cub in presence of a rolating
eathode at & current demsity of 3.50 mmpsfdin®, preferably,
15-40 amps/dm?, uuder alkaline c¢onditions st s temperature
above TO°C with deposition of spongy lead on the cathode.

'The present invesiigation has been directed to improve
on the process and the iraprovements made now are {a} the use of
a rotating cethode and (b} conseguent employment of high
current densities, mainbaining high efficiency of reduction and
also (¢} lowering the totel time of electrolysis using the same
cathode area. The use of robaiing cathode simp]iﬁes the
design of high capacity cells whereas for a corresponding
amperage lo be passed wunder stationary electrode condition,

tho cells will have to be bigger oecupying o larger space. For
example the cells deseribed in Indian Palent No. 32486 (1945)
will hendle 40 lifres of aikali and 10 kg of nitrobenzene and
can be opersted with 400-450 amps only. For the samse
amount of allkali and nitrobenzene with the cells of the pre-
fent patent, 1000 amps could be passed so that the reduction
is over 18 hours earlier ; or for the same duration of selectro-
lysis is possible in the previous cells (India Patent 32486 (1945),
24 timea the queniity of henzidine could be gbtained with the
rotating cathode c¢ell, 1ln other words, the capacity of the
present cells with rotating cathode iz two and a half times the
capacity of the corresponding sized cells described in Indian
Patont 32486, The use of rofating cathode, therefore, sim-
plides the design of high capacity eelis. It is established that
aven high current densities are beneficial for good yields. The
reduction is smocth and almost theoretical yields of hydraze-
benzene is obtained. For the same amperage as could he
passed in the previous Patent (No. 32486), tho present im-
provement enables the use of = more compact cell thereby
leadung t0 savings in floor space, Thus, the process enables the
wse of high eapacity cells {nearly 2% times the capacity of cells
ueing stetionary cathode), raguiring, therefore, less floor space
than what is reguired for the same capacity cells using sta-
tionaty cathode. We claim the rotation of the cathode as &

wovel feature of the invention leading to advantages enumera-
ted above.

Procedurs :
s ks B P T

©n o Inboratory scale, the reduction was studied naing a dise-
iype mild stoel, nickel or nickel platod motel (copper) cathode
buaving a deposit of spongy load as describoed in the examples given
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hercinbelow and 10% sodimm hydroxide colution a2s ecatholyte
and anolyte being 309% NaOH. A diaphragm of asbostos cloth was
used in the form of a eylinder wound on # mild ateel, stainless atesl
or nickal-plated mild steol cage. The témperature of slectralysis
was 80-85° and 100 g of npitrobenzene was added for every
400 cc of the catholyte and the reduction was carried out to
the theorotical time based on nitrobenzenc taken. When 809
of the current was passed, xylene was added and the reduction
was completed when the colour of the xylene layer becomes
almost of constant (hght yellow] shade. The xylene layer was
separated and oonverted to henzidine by standard methods of
reacting with acads.

Expearimsntal .

The cell congists of one litre spoutless pyrex beaker with &
tight-fifiting cover made of ashestos cement sheet (167 thick)
withe propor holes for asbestos diaphragm (2" diam. X & long),
roteting cathodo and condenser. 400 co of 109, (by woight)
sodium hydroxide was taken and to it was added 19, ( weight:
volume) of lead monoxide and the alkeli heated till the tem-
peratire was BE°C.  Lead monoxide dissolves while heating
and the clear solution is taken into the cell. 100 co of 309,
sodinm hydroxide (by weight) is also prepared as anolyte and
separately heated to 85°C and taken in the anode compartment.
The cathode is made of six mild steel dises 1* diam. with &
apacers moutted on o shaft and the tofal cathode eres is nearly
0.8 aq. dm. It is rotated by a fractional horss power mokor
through a glass bush at 1800.2000 R.P.M. 'The anode is &
etrip of mild steel plate or of nickel plated copper or stainleas
stecl plate, 1/8" thick. Current density of thc order of 15 to
25 sanpf{dm® was employed. Nitrobenzene in the ratio of 100 g:
400 co of catholyte was added. When 90% of tho theoretical
current wes passed, xylene is added {10{} cc for every 100 g of
nitrobemzene) and the elecirolysis carried to the theorctical
time when it is fourd that the xylene layer assumes a colour of
constant shade,

The xylene layer is then geparated and cohverted to ben-
zidine with hydrochloric acid and ice and the benzidine hydro-
chloride is crystallized and the yield id csleutated as hydrazo-
henzensa,

The yields obtained are 88 to #09% of hydrezebenzene
and the results were confirmed by a number of laboratory
eperTimernts

EXAMPLE I
Proparation of hydrazobenzene and benzidine

Catholyte 400 cc of 10% NaOH
PbO : &g
Anolyte 100 e of 202, NaOH
*

Weight of nitrobengene ) |

taken g Woe
Cathode Disc type iron +
Area : 0.8 5q. dma,
Current density 25 amp.fsy dm.
Tume : Theoratical current
Temperaturs s 80 to 85° C
Benzidine hydrochloride

obtamed {: g
Theoretical yiold 804 g
o Sbyield : 88

EXAMPLE I
Preparation of Tolidine

Catholyte : 400 co of 109, NaOH
Pho : 4g
Anclyte 10 ce of 309, NaOH

Werght of O-utro-

tojuene taken % v 40 2

Cathode v Dise typs iron
Area : 0.8 gg. dm.
Current density 20 amp.jrq. dm,
Time : Thaoratical current
Temperature : 80 to 85°C,

O oride L imed jooisag

Thaoorstical yield 36.3 g

o Yoyicld : 308

Yyield of Azo tolune : 23,0

Y% yield O-Toludine : 129

' BEXAMPLE I

Proparation of dichlorobenzidine

Catholyte 400 e of 109 NaOH,
PbO : 4 g
Analyie 100 ec of 309, NaOH

Waeight ot O-nitrcchloro-s ;100 g

benzenc takon

i Cathode Disc typs iron
Area : 9.8 aq dm.
Current density 25 amp./sq, dm.
Time :  Theoretical current
Temperaturs i B0 to B3°CL
2.27 dichloro hydrazo.
benzene t 66 g,
Theoretical yield 80.3 g.
. Yoyield i 822
9,yield of o-chloraniline : 9.8
~EXAMPLR IT
R _ Preparation of Dianisidim; :
Catholyte / : 400 ce of 10% NaOH
PbO 4 og,
Anolyte 100 o of 30%, NaOH
Weight of 0-Nitro anisole : 100 g.
Cathode : Dise type iron
Area : 0.8 Bq. dm,
Curfent density 25 amp.fdm,
’I‘irt;o ¢ Theorstical Cuyrrent
Temperature 80 to 85°C.
Yield of Diams=idine 29.7 g
Theorstinal yield 8.9 g
9. ¥igld Dianisidine i 745
9, Yield of azoanisole ;205
% Yiold of Anisidine : B3

Large scale preparation of Benziding : The invention will

pow be desuibed with the help of asccompanying drawinga
wherein Fig. 1 shows the elevation and Fig. 2 the plan of the
large scale eell,

The cell congists of a concrets vessel (A) {6 inside diameter
and 1* thick and depth of 10°). It 15 fitted with & woodon
cover (B) heving the necessary openings for the rotating
cothodo (), Asbestos diaphragms (E}, Condenser (F) thermo-
meter (G}, The Diaphragm is made of a nicke! plated irom
cage in the form of & rectangle (1" x 4 x 127} on which 15
wonnd the ashestos cloth., The cathods is of m.e. congisting of
3 x 1/8” Ihses. The discs are welded at a distance of 1" on
an iron tube {C;) (3/4” dia steam pipe) inte which is jammed
a oapper rod (Cy) so thet lhe current is emrriad through the
copper. There are 6 disos welded on the cathode which is
rotated by a 1 H.P. motor at & specd of 1800 rp.m, Electrical
contacts ars given through a mercury cup. The anodes (D}
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consisi, of 1{2* copper rod ingerted tight into an iron tube to
which is welded two nickel-plated M.S. strips 17 x 107 x 1/87,
The csll is nlso provided with cold fingers (H]} made out of
glass tube of I1-1/2" outside diameter 3 12” long with a 127
dia., glass tube for the inlet and outlet (for cooling the cell}.

EXAMPLE V

Catholyte 4 litres of 109, NaODH
Bby : 40 g.
Anclyte i 1 litre of 309, NaOH
Weight of nitro. )
benzene taken ) 1000 g,
Cathode ! Dige-type iron,
Aroa : 589 dm?.
Current density 30 amps,fsq. dm,
Tempersturs 80 to 85°C.
07, Yiald of Benzidine : 80
% Yield of ezobenzone + 7.3
9. Yiald of aniline Gl

Reuse of alkali : Experiments were run using the same alkali
after making up to 10%. Thbe reaulis arve given below :-

Yield of Yield of azo Yield of
henzidine benzene sniline
(%} (%o} (%)
2nd use 824 12.7 2.1
3rd use 81.3 12.3 3.1
4th use 80.8 1L.7 3.4
fth use
bth se % av. Bl 10.4 4.5
dth use

Aceording to our anvention, the rotating cathode is used for
the reduction and ig best made by mild steel in the form of
disee with a coating of spongy lead obtained in situ by addition
of 19, (woight: volume) of Jead monoxade vo the catholyte, so
that spongy load deposited amounis to about 0.01# molefdm?,
The cathods employed could alte be oylindrical shaped mild
ateel, or made of nickel or fnckel-platued copper or other metals,

The results obtained on a large seale laborafory unit are
reporied above.

We Claim :

1. A process for the manufacture of benzidines and eubs-
tituted benzidines which coneists in the eleetrolytic reduction
of nitrobenzencs or nitrobenzenes substituted with -CRL,;, -CpH,
-OCH;g, -OCHy, CL-OF groupa in ortho position to -NO? group
and reacting the hydrazobenes and sobstituted hydrazobenzenes
thus obtained with acid which iz charactericed in thet the
glectrolytic reduction is carried out in presence of a rotating
cathoede at & curront demsity of 3-50 amps{dm?, preferably,
15-40 amps/dm? under alkaline conditions at a ternperaturs
above 70°C with deposition of spongy lead on the cathode.

2, A process a8 claimed in {1} wherair, either mild steel,
nickel or nickel plated metal are nsed ss cathodes and mild
etesl, stainless steel, nickel or nickel plated motals are used ag
anodes.

3. A process as claimed in claim (1} wherein reduction i
carried out by Leeping nitrobenzeme in suspension in caustic
alkali solution of 5 to 15% strength but preferably in alkali
of 109, strength,

4. A proceds as claimed above whersin, the same alkali is
rensed in subsequent reductions withoui affesting the efficiency
of reduction.

5. A proesss as clalmed In cleim (1) wherein lead
monoxide is added to the catholyte so ar to give a spongy
cathodic deposit of lead, on rotating ocsthode, not less than
0.014 molefdm?,

6. A procesa ms claimad sbove wherein the electrolysis ia
carried out &t a temperature of 70°C. to 95°0. but preferably
at 80°C. to 85°C.

7. A process a3 claimed in any of the above claims where-
in a sclvent such as xylene or toluene is added when 90%, of
the theorstical current has been passed to help Lkeep the
hydrazobenzens in eolution.

8. A process a3 claimed in any of the above claims where-
in & diaphragm of asbestos cloth over a mild steel, stainless
gteel, mickel or nickol plated metal cags iz employed to form
the anode chamber,

9. A process as claimed above wherein fthe dise-type
cathode consists of a copper Tod fitted into & m.=. pipe carrying
the dises sg that the currcnt carrying eapacity of the cathode
is increased,

10. A procese as claimed in claim {1) wherein high capa-
city cells (meerly 24 times the capacity of cells using stationsry
cathode), requiring, thgrefore, less floor space than what is
roquired” for the samls eapacity cells using stationary cathode
are employed,

tl. A process for the manufacture of benzidine and subs-
tituted benzidines as deseribed sbove and clsimed in  the
preceding claima.

R. Bhaskar Pai,
Paients Officer,
Council of Scientifio & Indusirial Research.

Dated tus 24th day of Fune, 13060,
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