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Sulfochlorination and Sulfoxidation 

The sulfochlorination end sulfoxidation reactions accomplish the 

introduction respectively of the -SOgCl and -SQ,H group In a molecule - generally 

a hydrocarbon,. The result ing products* v i z . , the sulfonyl chlorides or sulfonic 

acids as the case way be, have commercially important and useful properties. Thus, 

the sodiuza alkan© sulfonates with chain lengths frost C^2 to C>g have good detergent 

properties and are at the same time biodegradable. This l a t t er property i s of 

great importance in connection with problems associated with sewage and preven­

tion of water pollution. The cation exchange res ins , widely used in the chaaioal 

industry both for water purification as well as for separation and purification of 

aat&l compounds i s nothing but sulfonated polystyrene. Another commercial product 

i s sulfochlorinated polyethylene, known by the trade name of 'Hypalon'. This i s an 

elastoraerio ( i . e . rubbery) material with several outstanding properties suoh as 

weather, heat and chemical resistance, end hence used for chemical resistant l ining 

for storage tanks, acid hoses, hot conveyor b e l t s , f l ex ib le steam pipes etc. In 

addition, the sulfonyl chlorides and sulfonio acids are useful intermediates in the 

synthesis o f other industrial ly important compounds such as dyea and the sulfa drugs* 

The conventional method of preparing the sulfonic acids and sulfonyl 

chlorides i s to treat the hydrocarbon with either fuming sulfurlo acid , or with 

eulfuryl chloride in the presence of l i ght and catalyst (e .g . pyridine). A novel 

way of accomplishing these syntheses has now become feasible by employing V - r a d i a - : 

tion to ^catalyse* the d irect sulfochlorination of hydrocarbons with a mixture of 

sulfur dioxide and chlorine. For example, i t has been found^ • ' that on V - i r r a -
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dia t lon of heptane or cyclohexane through which a stream of sulfur dioxide and 

chlorine l a continuously passed* the corresponding sulfonyl chloride i s formed i n 

high y ie ld . The overall reaotion which can he written ast 

HH -!- S00 + Cl2 .-^v-..— > HS02C1 + HC1 SL (1) 

proceeds by a free radical chain mechanism, i n i t i a t ed by the free radicals formed 

by the action of radiation on the hydrocarbont \ 

RH ^WA-^-> H + H ..; (2) 

The suggested mechanise 1st 

R + S02 ^ 7 RS02 . . (3) 

RS02 + Clg ~> RSOgCl + Cl . . (4) 

Cl + RH •-* R + HC1 ••" (5) 

with Cl atom as the chain ca r r i e r . Sitnilarly 7 - radia t ion induced sulfoxidation 

of hydrocarbons with a mixture of sulfur dioxide and oxygen i s also possible , the 

mechanism of which i s represented by the following equations! 

RSO2 + o2 —.-> RSO2-O-6 . , (6) 

RS02-0-6 + RH — -7 R + RSOgOOH . . (7) 

ESOgOOH —* RSOgO + OH . . (8) 

RS026 + RH —> RS02OH + R . . (9) I 

RH + OH - > R + HgO . . (10) 

with OH radical as the chain carrier* The advantage of these d i r e c t , radiat ion 

induoed methods over the conventional methods 13 that the former require the r e l a ­

t ive ly cheaper chemicals SO-, Cl ( or 0«) as compared to the synthetic chemicals 

sulfuryl chloride (or fuming H-SO.) required by the l a t t e r method. Also, as these -
't 2 '< 

radiat ion induced reactions are chain reactions and therefore have high (10 to 

10 ) G-values, the use of radia t ion becomes economical. Of the two processes, [ 

v i z . , radia t ion induced sulfoxidation and sulfochlorination, the former i s less i 

a t t r ac t ive for the following reasons. F i r s t , the G-values for sulfoxidation are 

lower, being ""\ 250, as compared to.'-» 10 for sulfochlorination at the same dose 
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rat© of v-i J x 10 rads/hr. (Being chain react!one, the G-valuea for these pro­

cesses are dose rate dependent). Secondly at a glvsi level of conversion of the 

hydro cartoon, the extent of di (end roulti) aulfonation i s much more in the eulfoxi-

dation process, than in the sulfoohlorination process* Thug, for example, in the 

case of sulfoxidation at a, total conversion of ^ 34̂ S on ths hydrocarbon s th? 

jroduot contains only —»50# of the monosulfonio acid, tfc.e rest being d i - anl poly • 

sulfonic aoide. On the other hand, in the case of sulfochlorination, the product 

contains about 6C0& of the mono substituted produot at 34$ conversion. Technically 

i t i s wasteful gotting a produot oontaining ihe di- and multisubstituted compounds, 

since they are not surface active, and moreover they reduce the surface active 

property of the monosulfonic acid* Hence we have chosen the sulfochlorin&tion 

process for our study. 

Applicability of th i s kind of study in India 
As already mentioned a one of the important uses of sulfonic acids i s in 

- « ; 

the detergent f ie ld . In India, the total production of soap was 2 x 10' tonnes in 

19̂ 8 of which 1.7 x 10^ tonnes were synthetic detergents. The use of synthetio 

detergents i s increasing as would be obvious from the faot thai in 1967 only 1.1x10 
4 tonnes were manufactured whereas in 1$)70 this i s expsoted to go up to 4c 5 x 10 

tonnes* Chlorine i s readily available in the country as there i s not enough demand 
5 

for i t at present. For example in 1967, 2.3 x 10 tonnes of caustio soda were 
5 

manufactured from eleotrolysis of sodium chloride, which would have yielded 2.1x10 
4 tonnes of chlorine. The actual production of chlorine was only about 8.10 tonnes 

ainoe the industry could not u t i l i s e more than this saounfc. Henoo any process like 

the present one which ut i l i ses chlorine should be weicose* The cost of chlorine is 

Rs, 540/- per tonne in Bombay. 

As for sulfur dioxide, sulfur i s to be Imported as there are no sulfur 

deposits in the country. The cost of sulfur dioxide i s about RMOOO/- per ton. 

Large radiation sources ore now available although the cost i s s t i l l high 
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Fig .1. SCHEMATIC DIAGRAM OF THE SET UP FOR Y~- RADIATION 
INDUCED SULFOCHLORINATION. 



in Ind ia . The pr ice i a expected to go down i n future a s the production of r ad io -

cobalt inoreaoea. The 'current pr ice i n Ind ia ia about Rs.10/- per ou r i e . 

The hydrcearbona such as kerosene, l iqu id paraff in , sol id paraffin e t c . 

are a l l avai lable from petroleum r e f i n e r i e s . Sui tab le cuts can be selected for 

production purposes. 

Experimental Set-up for Y-irradiation 

All Y - i r r a d i a t i o n s were performed i n a B.A.R.C. made Co y^-sourae t 

similar i n design to the •AECIi - o e l l 220 1 . The experimental aet-up i s shown 

schematical ly. in Fig»1. This se t up allows i n i t i a l f lushing w i * pure ni t rogen ( 

gas, followed by sa tu ra t ion of the hydrocarbon with a mixture-of SOg and Cl2 and 

i r r a d i a t i o n in a stream of these gases* The unreaoted gases are f i n a l l y swept out 

by a stream of ni t rogen gas . 

Results 

In a l l the react ion products, the IR spec t ra revealed the presence of 

-SOgCl groups character ised by the peaks^ ' i n the 1161-1165 cm"" an! 1570-1576 cm 

regions. The G-valuss ani percent conversion f igures for su l fochlor ina t ion of 

the d i f fe ren t hydrocarbons invest igated are given i n Table I . These r e s u l t s have 

(7) been discussed i n d e t a i l i n an e a r l i e r publication^ . I t i s seen tha t the G-

/ 3 4\ 
values for t h e sulfochlor inat ion a re qu i t e high (10 -1CP) with a l l 1he l i qu ids 

3 (1) " 

inves t igated , comparable to the value (4.36x10^) reported^ ' for cyclohexane a t 

about the same dose r a t e . At lower dose r a t e s they wi l l toe s t i l l higher a s there 

are fewer r ad i ca l s for chain terminat ion. In any oase, the G-values a re high enough 

to be worthy of consideration fo r commercial exp lo i t a t ion . 

Based on the experimental da ta obtained in the case of kerosene, we have 

carr ied out ca l cu la t ions for the p i l o t -p l an t s ca l e sul fochlor inat ion of i&is 

mater ia l . The r e s u l t s are given i n Table I I . 
1 

We are currently working on the sulfochlorination of polymeric materials 

such ae polythene, polystyrene, textile fibers etc 



—28— 

T»U» z 

HUB B O . 

a 
9 

Y - R a d i a t i o n Indueod 
f r l c k o D o 4 n « t « r ) 

^ydrooarbon 

K«rOMM« 

• t 

p 

«• 

n 

m 

Bfeallsol 

D<*alin 

L .pnraf f la 

a o l f o c h l o r l n a 

Total Oow 
obuoxVcd l a 

30 • ! 
( • « i o - w ) 

1 .029 

2 .056 

4 . 6 3 0 

1.029 

-

m 

0 .975 

1.149 

1 .120 

(Ap;T=:) 
Total Cl^ 
passed * 
throogli 
• j a t e a 
(•tolas) 

0 . 1 

0 . 2 

0 . 4 5 

0 . 1 5 

O.t 

0 . 0 5 

0 . 1 

n 

m 

t lon o f hydrocarbowi Rwiulta ( D M * x t t * • 4 . 2 8 x 10 ' arr /a l / s la t 

i • . . . 

(Apprss) " ( • s o Cl'V ( * P * w s ) Foresaw oosBarsaMoa i s s s d ca 
7 ° S ^ x10-5 **»«*» ... d2 »2 

through 
• sjrstea> 

( a o l e o ) 

0 . 2 6 . 4 1 0 . J 10.8 

0 . 4 7 . 5 2 4 . 0 12 .6 

0 . 9 9 .7 7 0 . 0 16 .4 

0 . 3 8 . 9 1 4 . 5 10 

0 . 4 9 . 5 15»> t § 

O. i 0 . 2 7 • i . e . 4 j 0 . 9 

0 . 2 1 5 . 5 2 4 . 5 2 4 . 5 

" 17 .4 , 1 6 . 9 52 .7 

1.1 1 .74 I 

•fur*-*. TT 

5 .4 

6 . J 

9 . 2 

5 
4 

0 . 5 

1 » . 5 

1 6 . 4 

1 

Results of calculations for p i lo t plant scale sulfochlorimtion of keroaar» 
by -/-radiation (baaed on data of run Wo.2, Ref.Table I . ) 

Vessel 5 era l i d . , 15 cat h t r , t f i l l e d ( *"222 » l ) 

Dose sate _4*2B x 10M ev/u}/ain. 

Batch operation 

Irradiation timet ?0 nin/batah 

Average duration of batch* '24 Bin, i . e . 60-batches par day. 

Kerosene employed 

" censured 

C l ? passed 

" consumed 

SO. passed 

" • conauaed 

NaOH consumed for hjdro l y s i s 

R-SO-Ha produced 

HaCI produced 
(by produot) 

HC1 produced 
(by produot) 

Per hatch (g):•'• 

176 

•42 

105 

• •' 1 M • 

190 

1 2 . 0 

1 5 . 0 

6 1 . 0 

10;9 

6 . 8 . 

Per day (kg) 

10 ,6 

2 . 5 2 

6 . 3 

0 . 7 9 

11 .4 

0 . 7 ? 

0 . 9 

3 .55 

0 . 6 5 

0 i41 



- 2 9 -

Acknowledgements 

The authors wish to express their thanks to Dr J . Shankar, Head, 

Chemistry Division for h i s enccuragmont. 

Bibliography 

1 . A. Schneider* ANL.5865 (1958) 

2. A. Henglein and H. Urlj Z.Physik.Chem. (Frankfurt) , %, 285 (1956) 

5. A. Schneider and Su.Chin Chuj Ini.Engg.Chem. Process Design and Development, 
1» 164 (1964) 

4 . A. Schneider and Su Chin Chuj A. l .Ch.E.J l . 10, 930 (1964) 

5« O.D. Volkova, V.L. Kazan ski and Yu.M, Volkovf Neftepererabotka i . 
Neftekhim, Nauohn.Tekhn.Sb., 22 (1964) 

r 

6. R.V. Dzagatspanyan, L,M. Yakimenko, V.I . Simitsyn, Yu.G.Lyaskin, 'V.I. 
Zetkin and B.Ya.Ubmanj Khim.Prom. 4J,t 247 (1965) 

7. K.N. Rao and P.M. Moorthy, BARC-420, 1969 

DISCUSSION 

K.S. Maui : Have you evaluated the products for 
de te rgen t p r o p e r t i e s ? 

Answer : Yes, only on q u a l i t a t i v e b a s i s so f a r . 

P. Sudarsan : Are you aware of any p i l o t s ca l e developmental 
f a c i l i t i e s for t h i s process? 

Answer : No, not in I n d i a . 


