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Sulfochlorination end Sulfoxidation
The suliochlorination and sulfoxidation reactions accomplish the

introluction respectively of the ~SO,C1 and ~S0;H group in & molecule ~ generally
& hydrocarbon. The resulting prodﬁcta, viz., the sulfonyl chlorides or sulfonio
acids ap the cese may be, have commercislly :lmborta.nt ard ussful properties. Thus,
ths sodium alkane sulfonates with chain lengths from Cyp to (J16 have good detergent
propertiee and are at the same time biodegradable; T_his latter property is of
greet impartance in commection with provlems associmted with sewage and prevén-
tion of water pollution. Tha catioﬁ exchanges resins, widely used in the chsmioal
industry both for water purificﬁtion as well a3 for separation and purification of
natel compounds is nothing but sulfonsted polysiyrens. Another commercial product
ia stﬂ.fochlorinated‘polyetlwlene. known by the trade neme of 'Hypelon!., This is an
elastorerio (i.e. rubbery) meterial with several outstanding properties such as
weather, hoat and chemical reaistance, smd hence wsed for chemical resistant lining
for atorage tanks, acid hoses, hot conveyor belts, flexible steam pipes etc; In
sddition, the sulfonyl ochlorides snd sulfonic soids are useful intemmediates in the
synthesls of other industrially importent compoumis such as dyes and the sulfe drugs,
The conventional method of praparing the sulfonic acids and sulfonyl
chlorides is to treat the hydrocarbom with either fuming eulfuric acid, or with
sulfuryl ohloride in the presence of iight axd catalyst (e.g. pyridine). A novel
way of accomplishing these syntheses has now become feaéibie by employing ¥ -radia-:
tion to ‘catalyse' the direct sulfochlorination of hydrocarbons with a mixture of

eulfur dioxide end chlorine. For example, 1% has been founl(1'2) that on ¥ ~irra-
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diation of heptane or cyclohexane through which a stream of sulfur dioxide aml
chlorine is continuously passed, thc corresponiing sulfonyl chloride is formed in
high yleld. The overall reaction which can be written as:

RE + S0, + Ol ~~~~-> RSO,C1 + HOY .o (1)

2
prnceeds by a free radical chain mechanism, initiated by the free ra-dicélla formed

by the ection of radiation om the hydrocarbon: i
. ]

‘BH > R+ H ~ -+ (2)

The suggested mechanisa iss |

3 S0, —-» RSO, ee (3)
RSO, + c12 4 R30201 + C1 .o (4)
CL+RE —> R+ HC1 | .. (5)

with C1 atom es the chain carrier. Similarly ‘{ -radiation induced sulfoxidation
of hydrocarbons with a mixﬁlre of sulfur dioxde and oxygen is also possibie’, ihe;-

mechenism of which is represented by the following equationss

RSO, + 0, —-> RS0,=0-0 | s (6) ;-
RS0,-0-0 + RE —> R + RSO,00H e (1)
RSO,00H —> 'RS0,0 +OH -+ (8)
nsozb +BH >  RSO,0H + R -+ (9) ‘
RE + O - > R +‘1320 : .. (10) V(

with OH redical as the chain carrier. The advantage of these direct, radiation
induced methods over the conventional methods iz that t}\ie former require thé rola-
tively cheaper chemicals SOZ, (312 ( .or 02) as compai:ed to the syntfmatic chemicals ;
sulfuryl chloride (or fuming }12304) required by the latter method, Algo, as thess
radiaticn imduced reactions a.fe chain r?zaotiona anl therefore have high (‘IO2 to
104) G-values, the use of rediation becomes economical. Of the two processes, {
vize, rﬁdiation irduced sulforidation snd sulfochlorinstion, the former is 1ess (
attractive for the following reasons. First, the G-values for sulfoxidation la.re )

lower, being 250, as canpared to. --. 104 for sulfochlorinstion at tho same dose
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rateo of A3 x 105 rads/ln-. (Being chain reactions, the O-values for thesa pro-
cesses are dose rate dependent). Seoonily at a given level of conversion of the
hydrocarkon, the extent of di (end multi) sulfornation is much more in the sulfoxi-
dation mrocess, than in the silfochlorination process. Thus, for example, in the
casa Of culfoxidation at a total conversion of -~ 34% on ths hydrocarbon, the
}roduct conteins only -~505% of the npnosunoma acid, the rest being di- anl poly .
sulfonic aoids. On the other hani, in the case of sulfochlorination, the pro:luot.
contains about 80% of the monosubstituted produot at 34% conversion. Technically
it 15 wasteful getting a proinot oontaining fthe di~ anl multfsubstituted compound s,
since they are not surface active, and mareover they reduce the hﬁrfaoe.aotive
propexrty of the mono_smfonio eoid, ‘Henea we have choaeh the sulfochloxination
pfocess for our stuly.

Applicebility of this kind of stuly in Indie
As alreosdy mentioned, ong of the important usem of sulfonic acids is in

the detergent field—. In Indla, the t_om production of escap was 2 x 105 tonnes in
1968 of which 1.7 x 104 tonnes were synthetic detergenta. Tho use of synthetio
detergents is increeaing as would be obvious fmm ‘f.he faot that In 1967 only A1.1x10‘i
‘tornes were monufactured whereas in 1'970 this is expooted ¢o go up to 4.5 x 104 '
tormes. Chlozine is ‘readiiy avalleble in the country as thera is not enough demand
for it at yregent. For axa:ﬁple in 1967, 2.3 x 105 tonnes of caustic soda were
namafaciured from eleotrolysis of scdium chloride, which would have ylelded 2,11105
tonnes of chlorine. The doﬁxal ptoduqﬁbn bf chlorinq vas only about 8..104 tonnes
gince the industry could not utilise more than this mogm\:. 'Heuoo any process like
the present ons which utilises ,ch!lorine chould be wslcame, The cost of chlorine is
- R3340/~ per tc'{n_z‘ie'.\ in Bombay. | | - | | |

As for sulfur dioride, sulfur ie to be imported ss thore are no sulfur
deposits in the country. Taa cost of swlfur dioxide is about Ru4000/- per ton.

Large radiation sources are now available although the cost is etill high
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in India. The price is expected to go down in future as the production of radio-
cobalt increages. The current price in Ipdia is asbout Rs,‘lo/- per ourie.

The hydrccarbons such as kerosene, liquid paraffin, solid peraffin etc.
are all available from petroleum vefineries. Suliable cuts cen be selected for
production purposes. | |

Experimental Set-up for ;" ~irradiation

< A .
A1l Y ~irradiations were verformed in a B.A.R.C. mede 0060 {-—souroe,
ploilar in design to the 'AECL -cell 220', The experimental set-up is shown
schematically.in Fig.1. This gset up allows initial flushing with pure nitrogen

gas, followed by‘aaturatién of the hydrocarbon with a mixture of SO2 and C1, and

2
irrodiation in a atream of these gasses. The wunreacted gases are finally awept out
by a stream of nitrogen gas. | |
Results B | ’

In all the reactior produocts, the. IR speotra revealed the presence of

Van 1370-1376 el

~30,01 groups characterised be the pm(1) in the 1161-1165 om
regiona. The G-valuss ard perceﬁt conversion figures for aulfbchlorina‘doh ;>£

the different hydrocerbons investigated are given i‘n Table I. These results have
been discussed in detail in an earlier publication(7). It is geen that the G-
values for the snlfochlorination are quite high (103-1(54) with ell the liquids
invesﬁgatad, comparable to the value (‘4.36::103) repbrte“ﬂ i‘or cyclohexang at
sbout the same dose rate. At lower d«‘ose vates they will be still higher as there
are fewer radicals for chain temmination, In any case, the G-values' are high enough
vto be worthy of consideration for commg}rcial exploitation.

Baged on *‘tha experimentai data oﬁtained in the‘case of kerosene, we have
carried out calcﬁla.tiops for ihe pilot-plant .s'cale sulfocMorin#tion of this
material. The results are given in Table II. |

We ars Qtzrreni:ly working on the sulfochlorination of polymeric mgteriala

such se polythene, polystyrene, textile fibers etoc.
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Y ~Radintion Snduood snlfochlorination of hylrocarbones  Results (Do 4 . \7
padintion dmduond ‘ tud voar 2 (Dose =tz = 4.28 x 10 ' ev/m)/eins

Rua o.  Bydrooarbon Total Does  (Ap;: N 'y’ - e
nbm’;b: o .(ro;;n ~=l:::)lz 7«():‘3-3&)) ¢ .mqu) (Apmei:ream caa?;:sadoa hﬁi@
L pasoed paaned” -3~ fBriro e 2
(ewx 10 20) through throngh ‘ 10- ' ) ?
systea - ayntem ’
(molen) (moleo) -
1 Keroaens 1.029 0.9 0.2 6i4- . W03 10,8 %4
2 - 2.0% 0.2 04 75 2wo . 12 63
s - . 4630 045 09 %7 T0.0 . - 8.2
4 . 1,029 0.1% 0y 89 w3 s g
s " - 0.2 0.4 - 95 - 13,3 - e 4
6 - - 0.0 0t . Gi7 o4y . . 09 0.5
e Dakel in 1,149 . - M4 165 X 16.4
9 L.paraffia 1.120 . 3 R K BRI X 71 e 9
(sofs0 w/w) .

Tablo XL,

Results of calculations for pii§t~plimt sonle mulfochlorimtdion of kerosens
by +-radiation (besed on data of rum No.2, Fef.Tsble I.)

Vessel 5 om $.d4, 15 @ hpy & f1led ( v‘zzzﬁ):
Dose mte —w4e28 X 10°° 'erv/n]./-in.
Batch operation » ‘ .

~ Irredintion times 20 nin/bt‘\tvoh‘ E

Avorsge duration of batoh '24 min, 4.6, 60-batches. por day.

"Pec batch.(g) - Per day. (kg)

Kerosene employed a ' 176 - 10.6
" consumed . .',,'42 R '2.',52
. e, passed : ‘, - 105 o 63 ‘
" consumed S ama o 09
, 80, pasged Lo 190 o 1.4
"e conmimed R ¥ SR N
" NaOH  conuumed for hydrolysis . 15.0 0.9
R-50;Na proluced o 611.01 L 385 |
Nef1 -produced o S 109 0465
(by produot) IR S R
Xe1 profuced ... &8 . o1 ’

(by product)
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DISCUSSION
R.8. Mani t lave you evaluated the products for
detergent properties? ’
Answer ¢ Yes, only on qualitative basis so far.

P. Sudarsan

Are you awvare of any pilot scai# davelopmental
facilities for this process?

Answer

No, not in India,



