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ABSTRACT

?his work presents liguid~liquid equilibria data
on a system sultable for continuous chlorosulfonation of
benzens, Complete Information is presented for the
ternary, chlorosulfonic acid - sulfuric uecid - carbon
tetrachloride., A partial investigation of the bternary
systems, chlorosulfonic acid - sulfuric acid - benzene-
sulfonyl chloride; chlorosulfonic acid - carbon tetra-
chloride - benzenesulfonyl chloride; and the guaternary
system, carbon tetrachloride - benzenesulfonyl chloride -

sulfuric acid - chlorosulfonlec acid is also presented,.
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INTRODUCTION

A, Purpose and Scope

Chlorosulfonation is a common organlec reaction,
Industrially it finds application in the preparation of
dyes and drugs through organic syntheses (e.g. chloroe
sulfonstlion of acetanilide for sulfa drugs, o-toluene-
sulfonyl chloride for saccharin), Commerclal processes
are batchwise, the economics of which require efficlent
recovery and utilization of hydrochloric acid from spent,

excess chlorosulfonie aeid.

This work was Iinitlated to develop a process for
gontinuous chlorosulfonatlion, It was envisioned that
the technique would involve continuous reaction and ex-
traction of the organic product with recyele of the ex-
cess chlorosulfonic acid. Such a procsss may have econom-

le¢ advantages over the bateh method,

Benzene to benzenesulfonyl chloride was chosen for
study because of the availability of process information
and the relative simplielty of the reaction. The problenm
herein is concerned primarily with the phase relationships
between chlorosulfonic acid, benzenesulfonyl chloride,
sulfurlec acid and carbon tetrachloride at 25°C., It is
planned that further work will utilize the information
obtalned here to develop the process kinetles and reaction

scheme,



B. Historicecal and Theoretical

Chlorosulfonation of benzene (7}, (11}, (15) toluene
{12), naphthalene (10) and related compounds (3), (6),
(8), (10), (13), (19), have been reported in the liter-
ature. The classical laboratory procedure for the prepa-
ration of benzenesulfonyl chlorlde is described by Gilman
and Blatt (7). Industrial methods do not differ much
from the laboratory procedure. The German patent (12)
describes a process calling for the slow continuous in-
troduction of the hydrocarbons Into chlorosulfonic asecid
at ~10°C, The common practice 1s to carry out the reaection
of benzene and toluene at 20-25°C, Use of an inert sol=-
vent in chlorosulfonation has also been reported (10},
(18), The latter reference 1ls a report of a German
technique, discussed below. Data on continuous chloro-
sulfonation is noticeably lacklng. Discussions on con-
tinuous sulfonations are avallable (9), (23) which may

gerve as a gulde to equipment design.

Chlorosulfonation. Chlorosulfonic zacld reascts with

both aliphatic and aromatic compounds. The reactlion may

be represented:
R*H 4 C1S03H ==-=» RSO0p0H + HC1 (1)
R+* 80,01 ] STz 5
020H + ClSO3H Ruoesl - Hgsoa (2)
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To drive the reaction of the second step as far as pos-
sible to the right, an excess (50-150%) of chlorosulfonic
acld over the two theoretlcal moles 1s always required
(10). Por chlorosulfonation of benzene, the reaction
may be carried out by adding the benzene to the acld, a
three to five molar excess of the acid being employed at
temperaturses of 20-259C, Hydrochloric acid is liberated
throughout the reaction. The addition usually requires
two to three hours., At completion, the mixture 1s quench-
ed on ice and the organic materlal 1is extracted from the
aqueous acid by carbon tetrachloride or another inert
golvent, Recovery of the sulfonyl chloride can bs accom-
plished by distillation. Under 10 mm pressure the sule-
fonyl chloride boils at 112°9C, FProperties of this com-
pound are given in Table I, Yields vary from 75~77%
based on the benzene charged (7). The excess of chloro=-
sulfonic aeld is important, sinece with small excesses,
diphenyl sulfone formation becomes nmors favorable, The
German report (18) shows that increased yields of benw
zenesulfonyl chloride may be obtained by the addition
of sodium chloride to the reaction, The salt removes
sulfuric acid as the sodium acld sulfate, driving the
reaction to completlion, With carbon tetrachloride present,
this salt concentration may be reduced, The data are

summarized below, (Table II)



TABLE T

Physical Properties of Benzenesulfonyl Chlopride

Holecular Welght 176.6
lelting Point 1.5%cC.
Bolling Poilnt 251.5°¢C.
15 .38
dlS 1.3842

Colorless, oily liquid, with penetrating odor.
Insoluble and stable in cold water.
Soluble 1n ether and alcohol.

Vapor Pressure Data (1)

£0C, p_(mm Hg)

65.9 1

96,5 5
112,0 10
1?%.5 100
198,0 200
22l.0 Loo
251.5 760

The rate of hydrolysis has been determined (16) at
25°¢, with:
0,053 N HpS0y - 0.0
0.136 W Hps0) - 0,014
0,26l N HpSO, - 0.013



TABLE II

Effect of Additives in Chlorosulfonation of Bengene

Chlorosul~
Hethod Benzene fonic Aeid Nall @30,C1
lols Crams Nols Crams Grams Grams %
Gilman and
Blatt (7) 2 156 6 700 none 272 T6-T77
NaCl added 2 156  10.7 1,250 120 318 90
NaCl - CCY 2 156 6 700 120 318 90
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Solvents., To develop a contimuous chlorosulfonation
process, 1t is desirable to perform the reaction in the
presence of an inert solvent. The role of the solvent 1s
to extraet the product from the reaction nmedium as it is
formed., The solvent should have a high affinity for the
organie product and should separate from spent acids
without diffleulty. Mubual solubilities of acids and sol-
vent must be low, Recovery of the product should be pos-
sible by simple means (e.g. solvent evaporation) with
recycle of the inert solvent to the reaction, The 1it-
erature discusses carbon tetrachloride, carbon disulfilde

and chloroform as solvents for chlorosulfonation (10),

Liquid-~liquid equilibria. Some knowledge of the

ligquid-liquid equilibria in this system is necessary.

The kinetics and subsequent process development depend,
to a8 large extent, on the extraction operation, Ience,
attention must be glven to liquid-~liquid relationshlips.
For this work, interest centers on the termary and qua-
ternary systems, The ternary formed from two pairs of
partially miseible liquids 1s of special concern. Theo~
retical consideration of both the ternary and quabternary
liquid systems are discussed by Treybal (21). Various
methods for obtaining and presenting datas are also given,

Data on four component systems are relatively limited.
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A recent review of liguid-liquid extraction (22) cited
nine references on four component systems, Brancker,
et al, (1), (2) presented data on chloroform-water-acetic
acid-acetone st 25°C, A tetrahedral representation was
employed to represent the four component equilibriun
condition, Chang and HMoulton presented data on the sys~
tem, benzene-ethyl lsovalerate-sthyl alcochol-water (l.).
Other methods of representation have been preassnted.
Crulkshank, et al. (5) described a graphical method using
carteslan coordinates where a ternary of three completely
miscible liquids is treated with a solvent which is im-
miseclble with one of them, A method that may have appli-
catlon to the four components econcerned with herein was
published by Prince, et al, (17). The paper 1is concerned
with the correlation of phase compositions in systems
where one component 1s partially miscible with two others
and completely miseible with the third, The corrslations
may have application to the four cormponent system under
consideration here namely, ecarbon tetrachloride, chloro-

sulfonic gecid, sulfuric acid, benzenesulfonyl chloride,



BEXPERINENTAL

A. Apparatus

Extraction and separation of each mixture was
carried out in a cylindrical, graduated all-glass sep-
aratory funnel. The furmel was graduated to 25 milli-
liters in half milliliter divisions, Both the top and
bottom of the ¢ylinder contained 2l1/25 tapered joints.
The outlet terminated in a fine capillary tip, giving
excellent control when separations were made, An air
sscape line was provided from the top of the funnel (be
low the point of the stopper) to the tapered joint below
the outlet cock, The apparatus was similar to the equip-
ment desecribed in Selentific Glass Company eatalogue
(1tem number J 1867),

Addlitlons of the materials to the extractor were
made Irom miecroplpettes, These were graduated in tenths
of & milliliter to a total of 10 milliliters.

Titrations required the use of standard 25 or 50
milliliter burettes.

Chloride titrations were carried ocut using a Beck-
man Instruments Inc. automatic titrator (described in
Bulletin 239A of the Beckman Instruments Ine,). A ti-
trating accuracy in the range of 10.5% was obtainable

with the instrument.



B. Materilals

The materials employed were:

Carbon Tetrachloride Nerck Lerck & Co., Inec,, Rahway,

Ne Jde

C, P, grade

Sulfuric Acid Yerck ~ lierek & Co., Inec.,, Rahway,
He dJe
Reagent grade 95-98%

Fuming Sulfuric Acid llerck Nerck & Co,, Inec,, Rahway,

1

N. J.
Free 80, - 20.0% - 23.0%

Benzenesulfonyl Chloride -~ Matheson Co. Inc., East
Rutherford, N, J.
B,P, 102-103°%/5 mm

Chlorosulfonie Acid ~ DuPont and Coe¢ Inc.,
Wilmington, Del,
9852

100% Sulfuric Acid was prepared from reagent sul-

furie acid and fuming sulfuric aecid.
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C. Praoceduret

All materlsls employed in the sxperiments were kept
in a constant temperature bath at 23-25°C. Prior to mix-
ing, carbon tetrachloride and sulfurlc acid were trans-
ferred to microburettes and it was assumed that no change
in temperature took place. Grest care was used to keep
the sulfuric acid from contacting the atmosphere, Chloro-
sulfonie acld and benzenesulfonyl chloride were taken
directly from the constant temperature storage by pipettes.
The first component added to the extractor in each case
was the least dense one, AB an sxample, when working
with carbon tetrachloride, chlorosulfenic acid, sulfuriec
acid, the solvent carbon tetrachlorlde was added first,
The welght of the firat component was accurately recorded
on an analytleal balance, The second component was added
in a similar manner and the mixture well shaken. (In the
example above, chlorosulfonic geild would have been added
next). When proceeding from the one phase system to the
two phase system, a technique similar to the cloud point
methed was used (21), The third, or fourth component
was added dropwise with continuous shaking until a
3 The chemicals smployed here are very corrosive and

the utmost care was required in handling them.
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cloudiness appesred. At this cloud polint, one or two
drops more of the component was added to bring about the
phase separation, The point of phase change was selected
as the equillibrium condition rather than the cloud point
because 1t was more reproduclible, The welight of this
component was recorded accurately. At the egquilibrium
point, the mixture was shaken for flve to ten mlnutes
then allowed to come to rest. EBquilibrium appeared to
be reached within a matter of minutes. VWhen obtaining
tie line data, the mixture was allowed to settle for
fifteen to thirty minutes. After settling, the bottom
layer was dralned into a weighed twenty-five milliliter,
stoppered flask, The top layer was drained into a simie
lar flaski#, The welght of both layers was then accurately
determined on the analytlcal balance, Analysis of elther

layer could bs made.

i The interface was readily observed because the
chlorosulfonic acld imparted a slight straw color to

the aeld layer.



12
D. Anslytical lethods

Analytlcal technigues were essentlally the same
regardless of the system under investigation. To ana-
lyze the bottom, or predomlnately acld layesr, a one or
two gram aliquot was talken, This aliquot was carefully
added dropwise to a known amount of standard 1 normal
caustice, DBack titration of the excess alkall with
standard 1 normal sulfurle acld provided data on total
acidity due to both acids, A Volhard analysis using
the titrator gave the aceurate estimate of chlorosulfonic
acld present., with the three component system, chloro-
sulfonie acid, sulfurie acid and carbon tetrachlorlde,
the welght percentage of each component in the entire
bottom layer could be calculated. The upper solvent
layer was analyzed in the same manner but the entire
layer was used {0,5~15 grams). Carbon tetrachloride was

always determined by difference.

The analytical methods for the four component system
differed from the above. Here only the top solvent layer
was analyzed, The entire layer (0,5-2.0 grams), after
welghing, was cooled in an ice bath, then drowned with
fifteen to twenty milliliters of deionized water. The

total acld content was rapidly determined by titration
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with standard 1 normal caustle, using a phenolphthalein
indicator, Following the titration, fifteen to thirty
milliliters of standard 1 normal slkall was added and the
mixture heated to reflux for half an hour. This caused
the carbon tetrachloride to boil off and the benzene-
sulfonyl chloride to react with the alkall., Back titra-
tion of the excess caustie at room temperature with sul-
furic acid provided the data on increased acidity due to
the sulfonyl chloride, A Volhard titration with the ti-
trator gave total chloride due to the sulfonyl chlorilde
and to chlorosulfonic acid., Quantities of all materlals
could then be determined with carbon tetrachloride found
by difference, Xnowledge of one layer provides the esti-

mate for the other layer.

In the vast majorlty of runs, material balances were
better than ¢7%. Losses of material occurred when the
extractor was not rinsed down after the layers had been

cut,

In the titrations as employed above, the acid equi-~
valent of chlorosulfonic was one-third of the molecular
weight. The acid equivalent of the sulfonyl chloride was
half the molecular weight. The equation involved here

may be glven as follows:



+ Ha{)
i r — - -
Habol + Q'QOZC]. + C}.SOBL =5 >
- @ Na Ol
Hod }4‘ + HpS Z; + HCL « Q’ 0pCL colda

NapSOl, + NapSO) + NaCl + gsopcy 180,

I\I&ES% - N&ZS% + QfSOBNa + NaCl + NaOH



15

Ew Results

The experimental data are given in the following
tables. Information is presented on the termary systens
and the quaternary system, Graphical i1llustrations are

presented in Figures 1 - l.



TABLE ITI

J3olvent Selection

15

o
g§§63§ Solvent Added Vol. % Phases Corments
50.0  Chloroform 50.0 1
61.5 Chloroform 38.5 1
28,6  Chloroform 71 1
50.0 Skelly B 50.0 1 Reaction and
dariening of
mixture
50.0 Tetrachlorethane 50.0 1 Slow reaction
67,0 Ethylene Dichloride 33.0 1
50.0 EBthylene Dichloride 50,0 1
30.0 Ethylene Dichloride 70.0 1
75.0 Ethylens Dichloride 25,0 1
30,0 Cyclohexane 70.0 2 Slow reanction
30.0 Cyclohexane (pure) 70,0 2 No reaction
10,0  Carbon Tetrachloride 90,0 2
25.0 Carbon Tetrachloride 75,0 2

It appears as 1f carbon tetrachloride 1s the moat

sultable solvent.
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TABLEL IV

Chlorosulfonic Acid - Sulfuric Acid - Carbon Tetrachloride

Bun 1
Total Welght Actual Weipht Welght
62.0829 gms 0.7665 gms 10.00
61,315l gms 3. 1701 gms 1,25 § S03H
58,1463 gnms 3.7690 gms L18.80 CCly,
Sli. 3773 tare 7.7056 total
Produced a 2 phase system,
Run 2
Total Weilght Actual Weight Weight %

65,5@06 gns 1. 62@8 gms 1& Losq,
? -9158 gms 7.4677 gus 67, % 18031
.GL31 gms 2.0630 gms 173,50 cclh

5h.3851 tare 11,1555 total
Produced a 2 phase system.
Run 3
Total Weight Actual Weight Weight %
67 236? gms 0 7 33 gma 6.15 HpS0),
.h 7 gns g s 3,62 cC1 kL
1.9689 gms 7. 366 gnms 59.22 C1804H

5li. 3323 tare 12,8977 total

Produced a 2 phase systemn,
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Run I
Added more HgSOh to run 3.
Total Welght Actual Weight Welght %
e paples R B
7.6366 gus 37.35 C1504H
201 gms

Produced a 2 phase system,

Run 5
Total Welght Actual Welght Weight %
66,3903 gms 0.1539 gms 1.30 HoS0
66,236l gms i o8l gms 86'70 cC1 h
61,8280 gms 7.1187 gms 2,00 C1504H
5l 3793 tare 12,0110 total

Produced a 2 phase systen.

Run 6

Zmploying an acld mixture of 87.03 weight per cent
GlSO3H and 12.97 weight per cent HESOH'

Total Weight Actual Welpht Weleht %

10,9056 gms 12.916 gms 78.9 C130,H

103.3860 acid 1.925 gms 11,7 HoS0
mixture 1,519 gms 9,29 ¢Cy),

88.541i6 tare 16,360 total

Produced a 1 phase system.
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Added more Cclu to
Total Leight Actual
1061307 gms 12.916

1.925
3,005
17.809

Produced a 1 phase

Added more Cclh to
Tobtrl Welght Actual
107.951l. gms 12,916

1.925
L. 565
19,1106

Produced a 2 phase

Using acld mixture

Run
run 6.
Welpht Weight &
£ms T2.1 C1l504H
gns 10.7 HoS0
s 17.0L cCly,.

3 total
systenm,
Run 8
ran Te
Weight Weight &
gms 66.55 C1S0,I
gms 9.92 H%SG
gms 23,52 c
total

system., Top layer just visible.

Run 9

as in run 6,

Total weight Actual Weisht Welight %

110,839 gns 8 ,3851 gms 63,34 CClL

96,9545 gms 9053 gns 31.91 c1s
o2y gms 75 HoS0

88,166 tare 21,9229 total

Produced a 2 phase

systen,



Run 9 {continued)
Equilibrium Polnts

Acid Layer Actual Weight  Weight %

19,02
L gms 70,66
90 gns 10.32

9.3890 total

Solvent Layer 12 0 95 gms G7.31
2609 gms 1.77
O 0735 gms 0.82

12,1339 total

Run 10

Uslng aecid mixture as in run 6.

Total Weight Actual Welight Welpght %

106,346 gms 7.1767 gms Lo.95

gg «2579 gms 9.0055 gms 51.39
9103 tare 1.371 gms 7.05

17.5213 total
Produced a 2 phase system.

Tie Line Data

Acld Layer - 13.3547 gms
Solvent Layer - 3.9470 gms

20

cc1
C1805H
EoS0

CCL
C1504H
HgSOi

CcCl1
ClS0qH
HpS80

Assay of Solvent Layer = 2.6 meq total acid

29.68 mg Cl-
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Run 10 (continued)

BEquilibrium Points

Solvent Layer  Actual Welght Weight %

0,097 gms 2.4h6 C1S04H
0.0LL2 gms 1.0 IS0,
3,808 gms g6.18 Cﬁlu
3. 9&-‘7 total
Acid Layer 3.3687 gms 2l 72 cel,
v 8.,9580 gms 65,74 C1504H
1,3000 gms 9.50 HoS0

13.6267 total

Run 11

Using an acid mixture as in run b,

Total Welght Actual Welght Welght %

107.1845 gms 1L.6828 gms 2i.63 cCcl
102,5017 gms 11.8277 gms 6 .Zﬁ C150-H
88.9113 tare 1.7627 gms 9. HpS0)

18.2732 total
Produced a 2 phase system.

Equilibrium Points

Acid Layer Actual Weight Welght %
11,7947 gnms 68.60 C13804H
1.2027 gns 10.25 HoS80,
3.0361 gms 21.15 ey,

17.1335 total
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Run 12

A ——————

Using an aeid mixture 67.9% CLSOsH - 32,.50% IIpSO).

Total Weight Actual Weight Welght %

11 2622 gms 7.5622 gms 28,87 colé
. 7000 gms 12 5758 gms 118,00

88 0677 tare 6.05 2 gms 23,12 HoS

26,1945 total

Produced a 2 phase system.

Hgqullibrium Points

Solvent Layer  Actual Welght Welght %

6.0537 gms 95.7h cey)
0,2110 gms 3.3l C1803H
0.0583 gms 0.92 ngsou
6.3230 total
Acid Layer 1.5085 gms 7459 cCl
7 12,3648 225 62.22 €18
5.9979 gns 30.18 HpS0

19.8712 total

Run 13
Using ac¢id mixture as in run 12,
Total Weight Actual Welght Weipht %
103.6673 gns 8.11559 gms 52 C1804H
21 .13G90 gms L.0722 gms ,08 %so
8.05l0 tare 3.0850 gms 16.76 CC1),

15,6131 total

Produced a 2 phase systen,
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Run 13 (continued)

Equilibrium Points
Solvent Layer Actual Weight  Welght %

1.6193 gms 97.88 ccL
0,0300 gms 1.81 C180,1I
0.0050 gms 0.31 H-50)
1.6843 total
Acld Layer 1.1:657 10,50 cel
81250 222 60,36 C1S0-H
0672 gms 29.1L Hasoﬁ
13.9579 total
Run 1l

Total Weight Actual Welght Welpght E

111.7956 gna 2.6172 gms 11.03 1,80

109,178, gms 16,638l gms 70.10 05303

92,5400 gms L1800 gms 18.87 cey,

88,0600 tare 23.7356 total
Produced a 2 phase system, Jjust barely separating,

Run 15
Totgl Weight Actual Weight Weight %
1054060 gms 0.1912 gms 1,10 HpS0),
105,218 gma 11,1070 gms 6l .38 c%scBH
ol;.1078 gms 6,0516 gms 34.88 cC1),

88,0562 tare 17.3498 total
Bquilibrium point - appearance of 2 phases.



Run 16
Total Welght Actual Weight Welght %

116.9450 gas 6.9202 gms 23.9 Ho80
110,018 gms 18.2 18 gms 65,1 czso%a
91,1830 gms 3,107 gms 10.87 oy,

88,0423 tare 28,9017 total
Equilibrium point - appearances of 2 phases.
Run 17
Total Welght Actusl Weight Welght %

120,0300 gms 0.5886 gma 1,73 1,80
119.14,%12; gmsa 21,1807 gus 67.22 cfso%ﬂ
97.9607 gms 9.0207 gms 31.085 cely,

88,0100 tare 31.9555 total
Equilibrium point -~ appearance of 2 phases.
Run 18
Tobal Weight Actual Welght Welght %

13,1388 gns 37.2000 gnma 67,60 -8
105.2388 gms 16,312 gms 29,60 ¢ Sg%E
89.62l16 gns 1.5712 gms 2.70 ce1)

88.053l, tare 55,088l total
Produced a 2 phase system,
Run 19
Total Welght Actual Weight Weleght %
101.2800 gus 8.6085 gms %.02 CLSO3H
92,6715 gms L.630l gms .98 CCly,

88,0411 tare 13,2389 total
Borderline on 2 phases,



Run 20

Added to run 19.

Total Welght

103. 9218 gms
103 g 683 gms
715 gms

88.0&11 tare
Egquilibrium point ~ appearance

Total Welght

100, 3228 gms

86:8100 Ene

88.0L7l tare
Baquilibrium point - appearance

Total Welght

106,2820 gms
100,8810 gms
896660 gms

88,0410 tare

Eguilibrium point - appearance

Total Weight

11,2430 gms
105,828l gns
90;1&90 s

88,0508 tare

Equilibrium point - appearance of 2 phases.

Actunl Welght

0. kSg; gms
10 968
630 gms

15.8807 total

Run 21
Actual Welght

2,5318 gms
8. 1510 gus
1,5926 gms

12,275 total

Run 22
Actusl Velight

5.4010 gus
11. 2150 gms

1.6250 gms

12,8400 total

Run 21
Actual Welght

15.%79h gms
2.0082 gms

26,1922 total

Welght %

2.86

67.
09,26

of 2 phases.

of 2 phases.

Welght %

29.61
61,18
8.01

of 2 phases,

Welght %

32.1

59.8
8.01

25

ﬁzSO}_‘.

CISOBH
(Hes Ny

Ho 50,
ci505
co),

Hs3
CESO H

CCl),

H SQh
313033
CClu
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Run 2l
Total Weilght Actual Weight Weight %
103.5822 gms 1.6622 gms 10,70 %isqh
101.9200 gms 11,1570 gms 71.82 5030
90,7630 gms 2,716 gms 17.48 coyyy

88,018l tare 15.5338 total

Equllibrium point - appearance of 2 phases.

Run 25#
Total Weight Actual Welght Welght %
olL.3320 gus 0.11600 gms Lel2 cCl
3.82 0 gms 5577 gms ,0.18 Has%a
9.3063 gus .3181 gms 55.70 C1S04H

Equilibrium point -~ apvearance of 2 phases,

Run 26
Total Welght Actugl Welght Weight ﬁ
0.0860 pms 0.5600 gms 7.68 C150.H
29.5260 gms 6,560 gms 92,12 001&3
82,9800 tarse 7.1060 total

Produced a 2 phase systemn.

Run 27
Added C1503H to run 26.
Total Weight Actual Weight Welght %
92,1360 gms 2.9100 gms 0s77 GLS03H
6,51160 gms 9,23 ey,

9.4560 total
Produeed a 2 phase system,

3 Runs 25 - 38 employed 99+% 1IpS0).
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Run 28

Total Welght Actual Welght Weight %

90.8245 gms 0,209 gms 2.61 cel,
0.6196 gms «3320 gms 42.53 H s%hﬂ
7.2876 gms .2981 gnms 5h..86 CESO3

82,9895 tare 7.8350 total

Equilibrium point - appearance of 2 phases.

Run 29

Total Weight Actual Weight Welght %

92,3880 gnms 0.7120 gus 7.60 cC1
1,6760 gms 5.527l. gms 59.00 C180,H
8.5431 gus 3.1329 gms 33,50 HpS0

83,0157 tare Q, 3723 total

Equilibrium point - appearance of 2 phases.

Run 30
Total Weight Actual Weight Welght %
91.2810 gms 0.1860 gms 2,51 C1804H
91,0950 gms 7.2263 gms 97449 cely,
83,8687 tare 7.11123 total

Equilibrlum point - appearance of 2 phases,

Run 31
Total Weight Actual Weight Weirht %
ol 193l gms 0.1219 gms 1.1 Ho S0,
SlL. 3715 gms 10.5263 gus 98,9 C%lgL
83,8152 tare 10,6182 total

Equllibrium point - appearance of 2 phases, -



Run 32
Total Welght Actual Welght
107.4.300 gms 3.5150 gms
103.9150 gms 13.9130 gms
90,0020 gnms .1153 gms

83,8867 tare 23,5133 total
Produced a 2 phase system,

Run 33

Total Veight Aetugl Welpht
160, 0920 gms 5.0659 gms
25.02 1 gms 9*0231 ans
)mC)BBQ g:mg 55 £ma

83,8675 tare 16,2215 total
Produced a 2 phase syatem,

Bottom layer - 9.25 c.c.

Run 3L
Added more HESOA to run 33.
Total Welght Actual Welght
105.7200 gms 10,6939 gms
9-023% gms
0655 gms

21.8525 total
Produced a 2 phase system.
Bottom layer ~ 12 ¢.o0.

28

Welght %

éu,9g glgggﬂ
9.0

25.97 Gélh

Welght &

1.22

30 ol c§ 051

17.73 0014

Total volume 9.6 c.c,

Welpht %
.00 H
ﬁ%, C%Sghﬁ
9. Lo cc&u

Total volume 13 c.cC,
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Run 35
Added more HpSO) to run 3l
Total Weight Actual Welght Weight %
115.9712 gms 20,9451 gms 65.2l
9,0031 gms 28, 32 Cgbo 1
2.0055 gms GClh

32,1037 total
Produced a 2 phase system., Total volume 18,5 c.c.

Bottom 17.5 e¢.c, Bottom layer appears turbid.

Run 36
Added more lIpS0) to run 35.
Total Welsht Actual Weight Welpht %
125.7152 gms 30.6893 gns 73,34 f
$,0931 gms 21.73 SO3H
2.0055 gms .93 0011,

41,8479 total
Produced a 2 phase systen.

Run 37
Total Weight Actual Welght Welpht %
103,2603 gms o 221 1.10 cec1
103,0390 gms 2 9 15 C1s
101,2892 gns 17 3u 2 gms 9.75 HoS0

83,9130 tars 19,3173 total
Equilibrium point - appearance of 2 phases,



Run 38
Total Welght Actual Weight Welght %
102.259% gms 18,3152 gms 98.18

83,9413 tare 18,6503 total
Added CCl} dropwise.

Equilibrium point - appearance of 2 phases.

CC1),
o8

30
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IABLE V

Chlorosulfonle Acid - Sulfurlc Acid -~ Benzenesulfonyl

Chloride

Run 39
Total Welght Actual Weight Weight @
106,.8585 gus «1500 gms 118,70 HsS0
97.7085 gms 2. 16l gnis 33,72 C SOuH
ol .[1000 gns 3.3085 gms 17.58 g#80,T1

88,0536 tare 18,8049 total

Produced a 1 phase systeri.

Run QO
Added more HESOM to run 39.
Total Weight Actual Weight Weight &
13,9585 gms 46,2500 gms 79.13 oS0
6,346l gms 13.72 cTsotu
3.3085 gms 7.15 ¢30231

55.9049 total

Produced a 1 phase system.

Run gl
Total Welght Actual Weight Weight %
109.4.3013 gms 9.1513 gms li2.80 Ho80
100.2830 gms 7,857l gms 34,85 302%1
95.91L0 gms [,.3690 gms 20.35 C1503H

88,0566 tare 21,3777 total
Produced a 1 phase system,



Run QE

Added more HpS0), to run L.

Tobal Welght

127.7343 gms

Produced a 1 phase system.

Total Welght

Z 6358 grs
9215 gms
11700 zZma

88,0517 tare

Actugl Welghti Weight g
27,1513 gnms 69,18 1,80
% i 19o80 Efé()g 1
,3 90 gms 11,01 C1S03H
Run 3
Actual Welght Weight %
0,713 gms 745 C1l30qH
2 7515 gms 28,72 ngsoél
6.1153 gms 63,83 #3505

905811 total

#50,C1 and HpSO) produced a two phase system tin-

trated with C1S03H to 1 phase.

Run !
Total Weight Actual Welght
QZhoSES gms 0.5618 gnms
9 - 910 ams 0. 8778 gmﬂ
05.0132 gms 7.5286 gnm

808,086 tare 8,9682 total

Welght %

6,50
9,80
83.70

C150qH

g%gg 13

#3001 and Hp80) produced a 2 phase system ti-

trated with ClSOBE to 1 phase.



Run i
Total Weight Actual Welght
106.5208 gms 1.13) gms

105,688k gnms 1?.25&3 gms
02,1311 gma Le 3721 gms

88.0590 tare 18,7608 total
#S0oCl and HpSO) produced
trated with C1503l to 1 phase,

Run L6
Total Welght Actual Welght
102.7072 gus 0,110 gns
102.5662 gms 12,2876 gms
00,2756 gms 2.1978 gnms

68.0808 tare 1,626l total
#30,C1 and Hp30), produced
trated with CISO3H to 1 phase,

Run L7
Total Weight Actual Welpght
93.6200 gns 0.9290 gms
98.6910 gms L5522 gms
9li.1388 gms 0611 gms

88,0777 tave 11.5423 total
#80,C1 and p50), produced
trated with C1l303H to 1 phase.

Weight %

6,10 C1S0-H
70,60 Ha80
23.00 ¢§og

a 2 phase system ti-

Weight %

0.96 C1S0-H
83,90 HgSQ@l
15.0h #50,

g 2 phase system ti-

Weight %

8,25 01§g H
39,2 H %1
52.0:3 ¢§G2

a 2 phase system ti-



Total lelght

Pun 18
Actual Welpht

105.1L00 gnms
103.6035 gus
94- 8702 gmns

83,0390 tare

1:5365 gns
847333 gms
6.8312 gms

17.1010 total

g502C1 and HpS0) produced

trabed with ClSOBH to 1 phase,

Total welght

Run QQ

Actunl Weight

90,785 gns
99.24153 gms
98,3021 gms

88.0l8l tare

0.5392 gms
0.9032 gms
10,2937 gus

11.7361 total

#302C1 and HpS0Q) produced

trated with 018033 to 1 phase.

Total Welght

88.00?6 gms
88,0265 gms

36

Weilght &

8.97 C150-E
51,02 1I-80
39.91 450,61

a 2 phase system tl-

Welght §

I 60 C1804H
7«60 HoSO%
87.70 #5001

a 2 phase system tl-

Run 50+

Actual Welght

0.1006 gms
0.8805 gnms
5.0453 gms

Weipght %

1.67 C15031
1l.61 H, S0y,
83.72 ¢§02

#S0pC1L and ¥pSO), produced a 2 phase system ti-

trated with ClSO3H to 1 phase.

L I R . T S S L T T T T T T R R . T

& Runs 50 - 62 used 99+% HpSQ), all others used 98-

98,5 HpS0y,,



Total Welght

Run 51
Actusl Welght

g(};lglﬁ)‘} gus
90,3773 gms
87.5795 gus

83,0130 tare

0.0332 gms
o cdls s

6.3979 total

#30oCL and HpS0) produced
trated with CISOBH to 1 phase.

Total Weight

01.2330 gms
91,1616 gus
88,0585 gms

83.1078 tare

Run 52

Actual Welght

O-Ohm gns
3.1331 gms
5.0507 gms

8.2252 total

#50,C1L and HpS0), produced

trated with 01803H to 1 phase.

Total Welght

93,7810 gms
87.2800 gms

83.0100 tare

Produced a 1 phase system.

Total Weight

86,3171 gnms
85,3611 gns

83,2612 tare

Produced a 2 phase system.

Run 55

Actual Welght

6.,5330 gms
.2380 gms

10,7710 total

Run Sl

Actual Walght

0.9560 gms
2,0999 gms

3.0559 total

37

Weight %

0.52 C1S04H
28.10 H§SQ%1
71.37 g 02

a 2 phase system ti-

Weight %
B
.09 %

a 2 phase system ti-

Weight %

60.65 H
2% dogn

Welpht %
.25 E,S
8%,75 s



Run 55
Added more HpSO) to run 5l
Total Welght Actual Welght Welght %
87,1861 gms g‘éggg gms §2.25
.0909 pgms £9.05

L.2249 total

Produced a 2 phase syaten.

Run 56
Added more HpSO)y to run 5%.
Total Welght Actusl Welght Welght 4
90,3297 gms 1. G686 gms 70.40
2.0999 gms 29460

7.0685 total

Produced a 1 phase systen,

Run 51
Total Veight Actual Weilght Welght %
104..8210 gms 20,0878 gms Qg.SO
103,390 gnms 1.1.720 gms <50

83,2612 tare 21,5598 total

Produced a 1 phase system.

Run 58
Added more @SO0oCL to run 57.
Total Welght Actual Weight Weipht %
106,8550 gma 20,0878 gms 85,20
3.5000 gms 15.80

23.5938 total
Produced a 1 phase system,

38

HoS80
#3001

HoS80,
ﬁ!g()g 1

H5S50
#S0oC1

Rodk
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Bun 59
Total Weight Actual Weight Welght %
6140 gms 8.3327 gms 777 Ha80
B’gn 2813 gms 2#3238 gms 22053 ¢§02
83,8575 tare 10,7565 total

Produced a 1 phase system,

Run 60
Added more @S0pCl to run 59.
Total Welght Actual Welght Welpht %
99.14900 gms 7.2998 gms L6.70 gS001
843327 gms 53.30 HpS0),

15,6325 total

Produced g 1 phase system,

Run 61
Total Welght Actual Welght Welght %
105,8775 gas 1%.7893 gms 62.33 #S0o01
.3327 gms 37.67 HpS0),

22,1220 total
Produced a 2 phase systen,

Run 62

Added C1S03i to run 61,

Tobal Welght Actual Welght Welght %
105.9205 gms 0.0430 gms 0.19 C1S0,H
13.7895 gms 62,21 #30,T1
+3327 gms 37.60 Hp80),

22,1652 total

Produced a 1 phase system,
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TABLE VI

Chlorosulfonic Acid - Carbon Tetrachloride - Benzenesul~

fonvl Chlorlde

Run 63

Total Velght Actual Welght Welght %

02,9590 gms 2.5990 gms 28,60 ClSOéH
0.3600 gms 244527 gms 27.00  gs0ot1
7.0073 gms 4.0313 gms b ho ce1),

83.8760 tare 9.0830 total

Produced a 1 phase system.

Run 6l
Added more OCL) to run 63.
Total Welght Actual Weight Weight %
97.7391 gns 2.5990 gms 18.78 C1309H
2.§527 gus 17.71 #soot1
8,8115 gms 63.51 cely

13.8632 total

Produced & 1 phase system.

Run 65
Added more CCl), to run 6l,
Total Welpht Actual Weipht Welght %
100.1202 gms 2.5990 gms 16,01 C1805H
24527 gns 15.0l gaoaél
11,1926 gms 68,85 cely,

16.21413 total
Produced a 1 phase systen,



Run 66

Added more C1S03ll to run 05.

Total Welght Actual Weight
110.662l gms 13,1412 gms
2152
11.192

26,7865 total

Produced a 1 phase aystem,

Run 67

Total Welght Actual Weight
5012 fns 6.5399 gms
ér: 9573. 35,803 e

56.0960 tare 17,1052 total
Produced a 1 phase systen.

Run 68

Total Welght Aptual Vielght
110.2308 gms 6.9786 gms
103. 2522 gms 2.0277 gns
90.2245 gms 873l gms

53,361 tare 56.88l7 total
Produced a 1 phase systemn,

Welght &
I,9.15

15
h1.70

Weight &

13.80
19.00
67.20

Welpht &

12,27
22.89
6l .83

C1S809H
#s0,C1
ceLy,

C15041
¢302%1
cey),

#S0oC1
GlSOBH
ceyy



L3

Run 69
Added more C1SO3H to run 68,
Total Weight Actual Welght Weight
122.1.062 gnms 6.9786 gns 10,10 #S0o01
25.2031 gms 36.60 150511
36,878 gms 53,30 GGy,

69.1401 total

Froduced a 1 phase System.

Run 70
Total ¥elght Actual Welght Welsght &

96,0167 gms 0,758 gms 1,27 F50,C1
gs.s&oe gms 7.0282 gns 20.;5 CLs03l
7.9127 gms 29,3875 gnms 78,07 cey)y

58,5252 tare 37.11915 total
Produced a 2 phase system.
Run 71
Added @S50oCL to run 70.
Total Weight Actual Welght Weight 7
96,6667 gms 1.1258 gus 2.95 #S0,C1
7.6202 gus 20,00 C1S503H
29,3875 gus 77.05 ceCl,

38 . 1&15 total

Produced a 2 phase system.



Run 72

From li component data - run 82.

Actual Welght Weight 5
2,3150 gns 35.22 ccl@
243130 gms 35.20 #s05C1

6.5533 total

Produced a 1 phase systen,

Run

From li component data - run 83,

Actual Welght Weight 7

1,L082 gms 20,70 C15031

3. Zoza £ms shlio CC),
80l pms 2h.70 #505C1

6,791l total

Produced a 1 phase system.

Run zg

Prom |, eomponent data ~ run 8.

Actual Weight Welght %

1,0035 gms 1.4o C15031
5.1245 gms 73450 CC1),
0,845l gms 12,10 #50501

6,073l total
Produced a 1 phase system,



L5

Run 75
From |y component data - run 85.
Actual Weight Welght &
2.5175 gms 30,00 C1503H
2,6262 gnms 31'85 ccly),
3.2lL39 gns 38,65 #0501
8,3876 total
Produced a 1 phase system.
Run 76
Total Weight Actual Welght Welpht %
92,236q £ns 0.2985 gns 2.05 #35050C1
98,9375 gus 2,2300 gms 1,58 C1503H
96,7075 gms 12,7635 gns 83017 ceyy,
53,9410 tare 15,2920 total
Produced a 2 phase system.
Run
Added more @50201 to run 76,
Total Weipht Actusl Welght Welght %
9¢.1133 gms 0.4758 gms .08 #305C1
2.2300 gmas .02 C1S04H
12,7635 gms 82,51 ceyy,

15,1693 total

Bquilibrium point -~ apuvearance of 1 phase.



L6

Run 78
Added more CCl), to run 77.
Total Weirht Aetual Weipht Welght ¢
102, 3615 gms 0.1.758 gms 2.60 gso%cl
2, 2300 gms 12,17 01504H
15.)123 gms 85,23 CCly,

18,3181 total

Produced 2 phases near equilibrium point.

Bun 79
Added ¢505CL to run 78.
Total Welght Actual Welght Weirht
102, 3600 gms 0,863 gms 2.65% #s0oC1
2.2300 gms 12,17 C1S03iI
15,6123 gms 85,28 cCly,

18,3286 total
Hguilibrium point - appearance of 1 phase.

Run 80
Total Welght Actual Weight Welght &
9& 819 @Pa 0.0912 gms 0.8l 01503l
I Eo0d 027205 gms 6.01 450001
93.9&02 gma 10,0202 gms G2.25 ce1),
83,9200 tare 10.8619 total

Produced a 1 phase systen.



L7

Run 81
Added C1503H to run 80.
Total Weisht Actual Weight Weicht %
126.6202 gms 31.9295 gms 7h.78 C1S0qH
10.0202 gnms 23.h7 CC1),

12,7002 total
Remained a 1 phase system throughout addition.
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TABLE VIT

Carbon Tetrachloride ~ Bengenesulfonyl Chloride -

Sulfuric Aeclid =~ Chlorosulfonlc Acid

Run 82
Total Welght Actugl Weight Welght %
97 5660 gnms 2.9533 gms 31,00 2
9;.6133 ema 1.9253 gos 20.22 CIsS03H
62,6880 gms 2.3150 gms 2&.38 CCL),
90.3730 gms 2.3130 gns 2. 30 #0501
88,0600 tare 9,5066 total

Bottom three components gave a 1 phase system. All
four gave a 2 phase system., Total volume 6 e,c., bottom

layer li c.c.

Run 83
Total Weight Actual Veight Weight &
98,5120 gms 3.6626 gms 35,0l 1,5
Oly.. Bl;9ly gms L. 1,082 gms 13.47 cf
Z W12 gms gaza gms 35.20 h
9. 7306l gms 16,07 ¢30201
88,0580 tare 10,4540 total

Bottom three components gave a 1 phase systen.
Four components gave a 2 phase system, Total volume

6.7 e¢.c,, bottom 3.5 c.c.
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Run 8k
Total Weirht Actugl Weight Welght %
96.9L56 gms 1.9176 gus 21.57 HoS
05,0280 gns 1.0035 gma 11,28 c%sg%ﬂ
58,9000 gms 0.845] gus 9.50 g805C1
08.05l5 tare 8.8910 total

Bottom three components produced a 1 phase system.

All four gave a 2 phase system.

Extracted Lavers

Acid Laysr G ~ SS.g?B& gns
- 52,6655 gns

Solvent Layer G - 60.12L12 gnms
T

+3

| e

- 5&-06270 gms
N - 5.4972 gms

Agsay of Solvent Layer

Cold titration required 6.0 e¢.c. of 1 I NaOH,
Added 10 ec.c. of 1 N NaCll and heated to bolling for
half hour. Back titration - 3.l e.c, of 0,987 N Hp30),
Chloride assay required 149.0 c.c., of standard 3.59 ng
C1/ml solution.

Egquilibrium Phases

Solvent Layer  Actual Welght Welght %

0'025 gms 1.72 Hp30),
0,187 gms 3.40 cisoan
0.593 gusa 10,78 450,21
I .622 gms 81,00 cCl

5.4197 total



Run 8l (continued)

Aeid Layer Actual Weight Welpht
1. 82@36 gms 53#75
0.8%6 2&,?0
0.252 gms Tl
3.3940 total
Run 8
Total Welght Actual Weight Weight %
92.11096 gms 1.016l ggms 10.80
1 3935 gms .Slg 26,77
.87 7 gms 27.93
86.2405 gus 3.2139 gms 3L.h9
83,0056 tare 9.30l0 total

Produced a 1 phase system throughout,

Run 86
Added more IpSO) to run 85.

Total Welght Actual Welght
03,3138 gma 1. 9206 gms
2. Slg
2 gms
3 .2139 gns

10.3082 total

Produced a 1 phase system,

Welpght “fb
18.63
2l 2
25,18
31.17
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Runaz
Added more HpS0, to run 86,
Total Welsght Actual Welght Wieight %
ol 1015 gms 3.0083 gms 26,39 x§sqh
51g5 gms ve 10 C1SO3H
2,62 oé cel
3.24.39 gms 8.k @s02C1

11,3959 total

Produced 2 phases, Total volume 7, c.c., bottom

L{-v ?S CoCos

Extracted Layers

Acid Layer G - 61,2240 gms
T « 53,7705 gms
N - 7.4535 gns

Solvent Layer G - 57, 711 gma

T - 53&95
¥ - 3,7551 gms

Aggay of Solvent Laver

Cold titration regquired 25.8 c.c, of 1 N NaOH,
Added 30 c.c. of 1 N NaOl, Heated to bolling for
twenty minutes. Baek titration - 14,1 c.c. of 0,987
N HpSQ). OChloride assay 116.95 c,e. of standard 3.59
mg Cl/ml solution.

Equilibrium FPhases

Solvent Layer Actual Weight Weight %

0¢5 @’1’1’&3 lh-‘]-“
0.5%% gms 15,2@ C§ g%ﬁ
l.g2 gma 38.02 001

1,210 gms 32,22 0201

3,755 total




Run 87 (continued)

Acid Layer Actual Weight Welght %
2.4653 gms 32,27 HoS
1.9435 gnms 25,02 msg%ﬁ
1.1981 gms 1%.20 CCly,
2.,0339 gms 26,60 @#s05C1
7.6108 total
Run 88
Total Welpht Actual Welght Welght %
89,8855 gms 0,3860 gms 5.60 HgoS0),
§2.%995 gms 2,0773 gus K1.7h C§503H
86,6223 gms 2.8772 gms 30,1l ¢C1y,
8. 5450 gms 1.5520 gus 22.52 #so5c1
82.9G630 tare 6.8925 total
Produced a 1 phase systern.
Run 89
Added nore HpS0j, to run 88.
Total Weight Actual Welpht Welght %
00,215l gms 0.7159 gms 0.91 1230},
2,0773 gns Bg. CL503H
2.8772 gns .7 CCL),
1.5520 gus 21.49 F302C1
7.222 total
Produced a 1 phase systemn,
Run G0
Added more HpSO) to run 39,
Total Welght Actual Weight Welght %
90,6762 gms 1.1767 gms 15.31 1pS0],
290773 gua 37.1-!- CISOBEI
2.8772 gms 27.0l CCl1y,
1.5520 gns 20,20 #3001

7.6832 total

Produced a 1 phase systen.



Run 91
Added more HpSO) to run 89,
Total Weight Actual Weight Weight %
91,1300 gus 1.9305 grs 22,88 HpS80),
2.0773 gms 34,10 CI1S03H
2,8772 gms 2%¢62 CC1),

8.370 total
Produced a 2 phase systen,

Extracted Lavers

Acid Layer G - 62.80L7 gms

- 550553 gms
- ?02511 £ma

=3

Solvent Layer G - 55,1210 gms
T had 5 r lggo g,mﬂ
I@ had 0 - 9 O gﬁ'ls

Assay of Solvent Laver

Cold titration required L.l c.c. of 1 N NaCll, Added
15 c,c. 1 ¥ NaOH, Heated to boiling for half hour, Back
titration - 12.6 c,c, of 0,987 N HpSQ,. Chloride assay -
21l ml of 3.59 mg Cl/ml solution.

Equilibrium Phases

Solvent Layer Aetusl Welght Weight %

0,573 gms 59,19 CCL
SRR L
0.103 gms 10. C15048
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Run 91 (continued)
Acid Layer  Actual Weight Weight %

1.5043 gus 20,1 001

1.86L5 gms 29 %%l

1.3260 gms 1?.;&

2,77}4,2 s 37, C18 BH
Bun 92

Total Welght Agtugl Welght Welight %

10@ 1853 gus S. 1283 gma 19,20 C1S04H
950570 gus .38 3 #0501
ga «9142 gms %oéu gms 21,85 Hp80j),

1.5078 gms 52,25 CCL),

56,6598 tare A? 5255 total

Produced a 2 phase system.



DISCUSSION

In the inltial phases of this work, two batch
chlorosulfonations of benzene employing carbon tetra-
chloride as an inert solvent were made. The method of
Gilman and Blatt (7) was employed, In the first run,
the weight ratio of carbon tetrachloride to chlorosule
fonic aeld was 63%«37% respectively. The phase separa-
tion was rapld at the conclusion of the reaction period
but the carbon tetrachloride layer was the same as the
volume of solvent charged. It was suspected that, (a)
benzenesulfonyl chloride was not in the organic layer,
(b) the carbon tetrachloride had s high solubility in
the acids or (¢) a combination of both (a) and (b) ex-
lsted., The second run was performed using a ratio of
sh# chlorosulfonic acid to 6% carbon tetrachloride. In
this case, phase separstion was extremely slow and the
carbon tetrachloride layer was again the same volume as
that charged. These disturbing conditions prompted in-
vestigation into solvent systems and into an understanding
of phase relatlionships., Some knowledge of lliquid-liquid
equllibria was necessary prior to a study of continuous

operation.
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A, Solvent Systems

A prelimlinary screening of possible solvents was
undertaken, They were selected on the basis of density,
relative inertness, avallability and cost, However, the
relative Immiscibllity with chlorosulfonic acid was the
declding factor in adoption of the solvent., Table III
lists the solvent pairs in the ratios mixed and observed.
Only carbon tetrachloride and cyclohexane showed some
immiscibility. The commerecilal grade of cyclohexane which
conbaing from 1% - 5% benzene was not acceptable because
of the slow reaction with chlorosulfonic acid, Pure
cyclohexane, spsectrographic grade, bshaved as the com-
mercial grade but without the regetion., Due to the cost
of this material, it was not consldered further at this
time. Carbon tetraschloride was adopted for further study.

It 1a of interest to note that the 1list of possible
solvents 1s much larger than shown here, Selection of a
more favorable solvent, from the liquid equilibria stand-
point, may simplify any process, For a study in liquid-
liquid equilibria other solvents are worth investigatlon,
Trichloroethylene, perchloroethylene and fluorohydro-

carbons are worthy of investigation.
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B. Chlorosulfonic Acid « Sulfurlc Acld - Carbon Tetra-

c¢hlorlde System

The equilibrium relatlonships between chlorosulfonie
acid, sulfuric meld and ecarbon tetrachloride are 1llus-
trated In Figures 1 and 2, The experimental runs are

given in Table IV,

The data show that the ternary is binodsl, One
component i1s partlally miscible in the other two. That
is, cerbon tetrachloride is partlally miscible in sul~
furic acid and partially in chlorosulfonic acid.

The small one phase region at hilgh carbon tetra-
chloride concentrations was difficult to obtain with
high accuracy., It is known to exist because of repeated
experimental data showing some sulfuric acid and chloro=
sulfonliec present in carbon tetrachloride., Practically,
this region would be of llttle concern, Recovery of the
aclds from carbon tetrachloride would probably be unego-

nomical,

The large one phase reglon at high chlorosulfoniec
acld concentrations 1s very interesting. The shape of
the squilibrium line between the one phase and two phase
region is different from that usually observed for binodal

gystems. Of particular interest is the region between
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65 - 70 weight por cent chlorosulfonic acid and 10 - 25
welght per cent sulfuric aeid, Small changes in sulfuric
acid concentration have a large influence on the concen-~
tration of carbon tetrachloride necessary to maintain the
one phase reglion, Such a condition might be suspected
since sulfuric acid and carbon tetrachloride are practic-
ally rnmtually insoluble, The experimental data in this
reglon were carefully determined and checked., Three agp-
proaches were erployed, [Iixtures of carbon tetrachloride-
chlorosulfonic acid were prepared and titrated slowly with
sulfuriec acid till the first appearance of the £ phases.
In Figure 1, 1t can be seen how well these points line up
with the starting point and 100/ sulfuric acid., The
second approasch was to start with the one phase mixtures
of the aclids and tltrete wlth carbon tetrachlorlde.
Theae points lie on the line contacting the starting
point and 100¥% carbon tetrachloride. The final method
was to use the tie line technigue and analyze each phase

of a two phase nixture,

These points fitted the expected curve, The fact
thet the expsrimental points plotted so well also Indi-
cates the reliability of the data under these experimental
conditions., The amall part of the one phase reglon lying
along the 1% carbon tetrachloride line 1is to be expected

from the rest of the curve, It is known that 2 phase



é0
points in the high sulfurlec acid area must have an
squilibrium polnt to match with that in the high carbon
tetrachloride region, The squilibrium point at 537
chlorosulfonic acld, L5Y sulfuric acid and 15 carbon
tetrachloride indicates that the repgion above 1t wmay be
very small. 7The data show this very small region., It
is interesting to observe that runs 3l and 35 in Table
IV shiow that no increase in the volume of the carbon
tetrachloride was observed (in the hipgh sulfuric acld
area) as the sulfuric acid concentration was increased,
This is what would happen with the equilibrium line as

shown 1n Figure 2.

During the course of the experimental work, it was
found that some of the sulfuric acid used was less than
095; aeid. Fortunately no difference was observed in
equilibrium points as a result of 98 or 995 sulfuric acid,
{runs 25 ~ 38, Table IV)}. This may be due to the fact
that carbon tetrachloride is equally insoluble in water

or sulfurle acid-~water mixtures.



61

C. OChlorosulfonic Acld -~ Sulfuric Acid ~ Bengenesulfonyl

Chloride System

Table V and Fipgurs 3 summarize the data obtained
with this system. The first experiments (runs 39 - }9)
were made with 98-98,5% sulfuric scid, This was not in-
tentional and it was not discovered until the data shown
in Figure 3 was obtained, It can be seen that with this
small amount of water present a 2 phase reglon occurs,
Chaenging to acid of 99+% assay, the 2 phase region almost
disappeared (Figure 3). Actually 1t was found that the
2 vhase reglon occurred at high concentrations of benzene-
sulfonyl chloride and that small amounts of chlorosulfonie
acid (0,5~2,0% by weight) were sufficient to produce a 1

phase system.

The only apparent reason for the difference in the
equilibrium curves 18 in the acid strength. This may be
explained by the féct that bengzenssulfonyl chlorids is
insoluble In the sulfuric acld-water~hydrate and enough
was present to upset the normal equilibris or to act as
a fourth component., Vhen sulfuric acld and the benzene-
sulfonyl chloride are mixed prior to the addition of
chlorosulfoniec acld the presence of water tended toward

the immiscibility condition, However, 1f chlorosulfonle
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acid was added before the benzenesulfonyl chlarids, 1t
would react wlth the water and form sulfuric and hydro-
chloric acids. The data with 99+ acid tends toward a

completely miscible three component system.
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D. hlorosulfonic Acld - Carbon Tetrachloride - Benzene-

sulfonyl Chloride System

Table VI and Figure l. contain the data for this
ternary. Although the study is not extensive, some con-

clusions may be drawn.

It is known that benzenesulfonyl chloride is mis-
cible in carbon tetrachloride and in chlorosulfonic aecid.
However, 1t has been shown that carbon tetrachlorlide and
chlorosulfonic acid form a partially miseclble pair,
Hlence, 1t is anticipated that this ternary would contain
a 2 phase region., This is demonstrated (in part) by the
data, It is also concelvable that this two phase reglon
would lie near the high carbon tetrachloride concentra-
tions, This too 1g shown (in part) by the data. The 2
phase region cannot cover much of the area, high carbon
tetrachloride -~ low chloreosulfonic acid, Runs 80 and 81,
Table VI, llluatrate that a one phase region 1s malntained,
goling from 1 welght per cent acid to 75 weight per cent
along the line to 100% chlorosulfonic acid (Figure l).
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B, Corbon Tetrachloride -~ Benzenssulfonyl Chloride =

Sulfuric Acid - Chlorosulfonic Acid Systenm

Analysis of a four component system requlres exten-~
sive data., The data assembled here can serve only as a

first approxlimastion of the entire system.

The first factor that appears important is the sul-
furic acld conecentration. In all experiments where a 2
phase reglon was obtained, the sulfuric acld concentration
was over 20 welght per cent., The concentration was also
greater than that of chlorosulfonic acid (execept run 01,
Table VII)., Run 91, which had a higher chlorosulfonic
acld concentration than sulfuric acld, gave a phase sepa-
ration but an unfavorable distribution of sulfonyl chloride,
The solvent layer retained only 15 welght per cent of the
sulfonyl chloride charged.

The second factor ls the solvent concentration. No
direction is apparent from the limited number of runs
repar ted here, However, a high recovery of benzenesul-
fonyl chloride in the organic layer was obtalned In run
8l,, Table VII, Here the organic solvent retained 70%
welght of the inltial sulfonyl chloride. The Inltial
mixture econtained 58 weight per cent solvent, Conditions

of this experiment gave a more favorable distributlon of



65
sulfonyl chloride than run 87, Table VII, Under con-
ditions of the latter only a 37 welght per cent recovery
of the chloride compound was in the organlc stream. The
evlidence from these experiments 1s, that an Iinteraction
exiats between sulfuric acid and carbon tetrachloride
concentration for maximum chloride recovery, It is cone-
ceivable that conditions such as 50-60% carbon tetra-
chloride, 15-20% sulfuric acid, 10-15% chlorosulfonic
aclid and 5-10% sulfonyl chloride would give a favorable

dlatribution of all materials,



CONCLUSIONS

In an effort to develop a process for the continu-
ous chlorosulfonatlion of benzens, liguid-liquid equililbrig
data for a proposed system were studied, Ternary data for
echlorosulfonic acid - sulfuric acid - carbon tetrachloride
were developed at 23-250C., The system iz composed of
two single phase reglions and a two phase reglon. The
ternary chlorosulfonic acid - sulfuric acid - benzene-~
sulfonyl chloride 18 mostly a single phase system., A
very small two phase reglon was found, the size of which
is determined by the purity of sulfuric acid., The ternary,
chlorosulfonie acid - ecarbon tetrachloride - benzenesul-
fonyl chloride has a small two phase region, However,
this system was not completely developed. The gquaternary,
carbon tetrachloride ~ benzenesulfonyl chloride - sul-
furie acld - chlorosulfonic acid shows that high concen-
trations of sulfuric acld are necessary for a favorabls
distribution of benzenesulfonyl chloride in the solvent

layer,

The work herein can serve as a basis for the study

of continuous chlorosulfonation of benzene,



RECOMMENDATION

It 1s recommended that further work be carried out
to complete the gquaternary system study begun here and

to develop the contlnuous chlorosulfonation process.
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