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ABSTRACT

This theslis remresents the investigations and

application of various chemical and engineering prin-

ciples that may prove useful in designing an efficient

and economical method for producing benzene sulfonyl
chloride from benzene-chlorosulfonic aclid sulfonation

mass.

Phase separation of the sulfonation mass with
water followed by countercurrent extraction of the aclds
from the sulfonation mass proved to be a more effi-
cient and epmonomical process than a batch drowning pro-

cess.

Centrifuging and low temperature vacuum dis-
tilla tion of the benzene sulfonyl chloride emulsion
appeered to be efficlent method of clarification.

In brief, the conclusion summary was outlined

as follows;

In the refinement of benzene chlorosulfonie
acid sulfoms tion mess, the continuous agitated-phase-

separation and counter-current extraction process with




clarification by centrifuging and vacuum distilla tion
appeared much more efficient than the batch-drowning

process for

I Hydrolysia losses
a) were not greatly increased by agitation

b) were reduced for use of smaller volumes
of drowning water,

¢) were repressed in agitated phase separation

d) were less when the wash water was more
efficiently used

e) were less when proper temperature control
was obtained

f) were reduced as the period of contact with
water was shortened
II Entrainment losses were reduced by
a) use of less water overflow

b) the action of the column packing

111 Clarification was made possible
a) by removal of water by centrifuging
b) by removal of water by vacuum distillation

IV Man-hours were more efficiently used by
a) reducing the process time
b) reducing reguirements for rigid control




STATEMENT OF PROBLEM

To devise en efficient and economicsl method
of producing a clear benzene sulfonyl chloride product
with minimum emounts of water, acids, and other objection-
able impurities from a benzene-chlorosulfonic acid sulfon-

ation mass.

SCOFE OF PROBLEM

The treatment of this problem involved the develop-
ment of a method for bhe refining of benzene-chlorosulfonie
gcid sulfonation mass into & clear benzene sulfonyl chloride
product by removing the contained acids and introduced
water. The refining method devised had low hydrolysis
losses, low entrainment losses, an improved overall effi-
ciency and industrial zpplication. These factors were
investigated on a laboratory scale with emphasis on in-
creasing yield and reducing operation cycle time. No
attempt was made to remove the diphenyl sulfone by-product.



CHAPTER I
INTRODUCTION

Although the compound was known for many years,
benzene sulfonyl chloride did not become listed as a com-
mercially produced chemical until recently. The full
comnercial possibllities have not been fully explored as
yet, but it was expected that this chemical would find wide
use in symthesis of orgenic compounds and prepesration of

dyestuffs, pharmaceuticals and plasticizers.

Benzene sulfonyl chloride had been prepared by
the following methods: by the action of phosphorus penta-
ehloride or phosphorus oxychloride on sodium benzenesulfonate;
by the sction of phosphorus pentachloride on diphenyl sulf one;
by the sction of chlorine on benzenesulfonic acid; by the
action of chloride on diphenyl sulfoxide; by the action
of sulfonyl chloride on benzene; and by the action of

benzene on chlorosulfonic acid.

In the reaction of benzene on chlorosulfonic acid '
the follaring reactions mey teke place simultaneously;
CgHg + HSOzC1 — CgHgS0gH + HC1
CeHgS0zH + HS0zC1 — CgHgSO,C1 + HoSO4

CgHg + HSOzC1 — CgHgS0oCl + Hp0
530561 + Hg0 —  HgS04 + HC1

CgHgSO0oC1 + CgHg —> CgHgSOgHsCg + HCL




The benzene-chlorosulfonic acid reaction produced
a reaction mass which contains benzene sulfonyl chloride,
sulfuric acid, hydrochloric acid, and diphenyl sulfone with
traces of benzene sulfonic acid and other side resction

products.

The benzene-chlorosulfonlic acid reaction was
used for commercial production by the Wyandotte Chemicels
Corporation. The investigators, former employees of the
compeny, decided to attempt to devise an economlczl and
efficient method of producing a clear benzene sulfonyl
chloride with minimum amounts of water, acid, and other

cbjectionable impurities.

Tentative specifications of the commercial
grades of benzene sulfonyl chloride and illustrative
reaction equations were presented by the Wyandotte Chemi-
cals as listed on the following sheets.



Benzenesulfonyl Chloride

o
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¢
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TENTATIVE SPECIFICATIONS

Properties Technical Grade Refined Grade
] T T T ELE LRy r e ey Amber liquid Amber liguid
B 53115t 7 AT Aty o S Coe Tl e LA 90%% min, 99.0% min.
Melting RANRE .....icconecsssomssivansasassnsssssess 8.0° C—14.5"C 14.2° C—15.8" C
Distillation Range (40 mm) ........ccovviuene 135-157" C (957 over) 148-152° C (95% over)
Free Acid (as sulfuric acid) .......ccoeeveee. 0.25% max. 0.20% max.
MOISEUPE i oiviiiimimusaiussivinisam e 0.50% max. 0.2% max,
Pheny]l Sulone vsoicaimmioaiaise 10.0% max. 0.2% max,
Specific Gravity at 60° F ....ccccevieciinnne 1.360-1.385 1.375-1.390

Weight per gallon at 60° F . approx. 11.4 lbs. approx. 11.5 lbs.

CHEMICAL PROPERTIES

Wyandotte benzenesulfonyl chloride reacts as a typical acid chloride and under certain conditions it
may act as a chlorinating or oxidizing agent. Because of the low solubility of benzenesulfonyl chlo-
ride it is very slowly hydrolyzed by cold water, but strong alkalis or concentrated acids may be used
in effecting rapid hydrolysis. Benzenesulfonyl chloride is useful for the preparation of esters, ben-
zenesulfonamide, N-alkylated benzenesulfonamides, sulfinates, hydrazides and a variety of other syn-
thetic products. It is a useful reagent for blocking active hydroxyl and amino groups.

WYANDOTTE CHEMICALS CORPORATION « WYANDOTTE, MICHIGAN
' RS L,



....... Benzenesulfonyl Chloride

. I. Reaction with alcohols for the preparation of alkyl esters,
(80,01 + C.HOH + NaOH—><_ >S0.0C;H, + NaCl + H.0

Ethyl Benzenesulfonate

2. Reaction with phenols for the preparation of aromatic esters.

{80:C1+ {_ DOH + NaOH——>( $80.00 > + NaCl + H.O

Phenyl Eenzenesulfonate

3. Reaction with ammonia to form benzenesulfonamide.

{80,014+ 2 NHi— >S0:NH, + NH.CI

Benzenesulfonamide

4. Reaction with primary amines to form N-monosubstituted benzenesulfonamides.
¢ O80.01 + CHNH, + NaOH—><__ »SO:.N—C.H. + NaCl + H.0
|

N-Ethyl Benzenesulfonamide

5801 + < ONH: + NaOH—> 380N >+ NaCl + H:0
H

N-Phenyl Benzenesulfonamide

5. Reaction with secondary amines to form N, N-disubstituted benzenesulfonamides

@ 0.0+ (CHINH + NaOH—>_ DSON(C:H): + NaCl + HO

N, N-Diethyl Benzenesulfonamide
CH,

80,01 + ¢ > NCH, + NaOH—> >SONC >+ NaCl + Hy0
| N, N-Ethyl Phenyl
Eenzenesulfonamide

6. Reaction with reducing agents (e.g. Zn and H.S0,) to form thiophenol

»<{__>SH

Thiophenal

<__> S0.C1

In

7. Reaction with hydrazine to form hydrazides.

< 530,01 + 2NH.NH: = < >50.NHNH: + NH.NH,CI

Benzenesulfonhydrazide

|
(B |.-,-‘l'r{)=‘”.1
Nat H
|
—> (C,H.80.NH). 4+ NaCl 4+ H.0
Bis (Phenylsulfonyl) Hydrazide

%. Reaction with hydroxylamine to form benzenesulfonhydroxamide,

<:>:~'0.,.[1| + 2NH,OH > <:>h'0::\.'l-l(}l1 + NH.OH . HC)

WYANDOTTE CHEMICALS CORPORATION « WYANDOTTE, MICHIGAN
=1



Benzenesulfonyl Chloride

FORM 1140

9. Reaction with N-aryl hydrazides to form aldehydes.
0

0
| Il
‘ {8001 + CH—0—__>—0—__ >—CNHNH:—> CH—0—__ >—0—__ >—CNHNHS0.{_ >
|
Na.0),
|
HOCH.CH.OH

0
L CH—o0- {H—0- Q_(l[.u

4-(4-Methoxy Phen :\;xyj Benzaldehyde

10. Reaction with benzenesulfonamide to form dibenzenesulfonamide.

Om,cl + ¢ DSO,NH. + \at.)ll—->©:‘10._.\[l:.‘:\< S 4+ NaCl + H.0
|
H

Dibenzenesulfonamide

‘ 11, Reaction in Friedel-Krafts syntheses.

L s0L1 + >+AIa,

(8]

><:> :< S+ HCI
¥
(

)
Pheny] Sulfone

0O N(C.H,).

. DE‘&U.\.(".I+2< > N (C:HJ): + AlCL .>< >_;_< | >+ CHN (C.Hy). HCI
¥
0

Phenyl Diethylaminophenyl Sulf

12. Reaction as a chlorinating agent for substitution of chlorine in unsaturated compounds,

{3801 + C.H,C=CNa—>C:H,C=CCl + CHS0.Na

I-Chlorobutyne

13. Reactions for the preparation of sulfinic acid and sulfinates.

A ,
( :S0.Cl 4 3H, it . >?,":l. -

\alz{)ll
C.HBr

><;>snﬂ(‘._.u.. +NaBr + H.0
thyl Benzenesulfinate

><__>H(}:\u + NaCl 4+ Na.S0, + H.0

Sodium Benzenesulfinate

Qm;( 1 + Na.S0, + 2NaOH
14. Reaction with Grignard reagents.

— j:-in_.('.,.ll,,

¢ 58001 + C.H MgBr— | “Eihiyl Benzenesulfinate

»>{_ >S0.MgBr + C.H.Br.

The reactions herein suggested are for illustration only and no representation of freedom from patent liability is warranted.

WYANDOTTE CHEMICALS CORPORATION « WYANDOTTE, MICHIGAN
SR




CHAPTER II
RELATED LITERATURE AND PRIOR EXPERIENCE

RELATED LITERATURE

The zmount of published pertinent litersture con-
cerning benzene sulfonyl chloride was very meager, but a
search of the library revealed some informetion.

According to Hans T. Clarke

Hans Thacher Clarke, Orgenic Synthesis, John Wiley and Sons,
New York City, Volume X, pp 6~8, 1830.

benzene sulfonyl chloride was prepared in the following me nner:
Benzenesulfochloride
0636 = 201803H —_— 06H580281 e HQSO‘ + HC1

Submitted by E. T. Clarke, G. S. Babcoek, and
T. F. Murray. Checked by Frank C. Whitmore and
A. M. Griswold.

l. Procedure

In a 5-1. flask, fitted with stirrer, dropping
funnel, exit tube, and thermometer, is placed
3,500 g. (30 moles) of chlorosulfonic scid (Note 1),
and to it is slowly added, with continuous stirring,
780 g. (10 moles) of benzene (Nste 2), keeping the
temperature between 20°C and 25°C by means of cold
water. The hydrogen chloride which is evolved is
led to a hood or absorbed in water. The additlion
requires two to three hours; when this is complete,
the mixture is stirred for an hour, and poured
onto 6-7 kg. of crushed ice (Note 3). One liter of
carbon tetrachloride is then added, the oil 1is
separated as soon as possible (Note 4), and the
watery layer 1s shaken with 500 cc. of carbon
tetrachloride. The combined oll is washed with
dilute sodium carbonate, amd the bulk of the
carbon tetrachloride is distilled under atmospheric
pressure (Note 5); the pressure is then reduced




(Note BA and the benzenesulfochloride collected at
113-115°/10 mm. (118-120°/15 mm.). The yield is
1320-1360 g. (75-77 per cent of the theoretiecal
amount) of & colorless liquid which on cooli

sets to a erystalline solid melting at 13-14°,

A small emount (50-100 g.) of a higher boiling
material remaeins in the flask. This is mainly
diphenyl sulfone, which may be isolated by dis=-
tillation under reduced pressure (b.p. 225°/10 mm.)
and recrystallization from methyl alcohol. It
forms colorless crystals which melt at 128°.

2. Notes

l. If less than 50 per cent excess of chloro-
sulfonlc acid is taken, the yield of diphenyl
sulfone increases at the mxpense of the sulfochloride.

2. A good commercial grade of benzene, boiling
over a 1° range, is satisfactory. The benzene must
be gdded to the acid (not vice versa); otherwise,

a larger proportion of sulfone is formed.

3+ The benzenesulfochloride separates at first
as a crystalline solid which melss as the tempe ra=-
ture rises, It was found impractical to filter
off this solid, owing to its tendency to melt on
the funnel.

4, The sulfochloride should be removed from
the water as soon as possible; otherwise, the yleld
falls, owing to hydrolysis. 1In one run in which
the mixture was allowed to stand overnight before
separating, only 1220 g. (69 per cent) was obtained.
If difficulty is experienced in the separation,
owing to the presence of suspended solid matter,
the oil may first be filtered with suction thrugh
a hardened paper or felt cloth., As a rule, it 1is
merely necessary to filter the sludgy layer lying
between the oil and the water.

5., The carbon tetrachloride vapor carries with
it any molsture that may be present. If this were
not removed at a relatively low temperature, hydro-
lysis of the chloride would take place, with the for-
mation of sulfonic acid which would promote decom-
position of the sulfochloride during its distillation.

6. The pressure should be reduced gradually, and
the first runnings, mainly carbon tetrachloride,
collected separately.



A German patent

Saccharinfabrik Akt-Ges., Vorm. Fahlberg, List and Co.,
Salbke-Westerhtisen A/E. Ger. pat. 224,386; Nov. 7, 1908.
(Chemical Absteacts by Americen Chemicsl Socilety. Vol. 5,
Jan.=-April. p. 154, (1911).)

was found which involved the benzene-chlorosulfonic acid
reaction. The abstraction was as follows:

In the breaking up of a reaction mixture
containing free chloro-sulfonic acid, the
reaction mixture can without prejudice to
the yield, be so broken up that gaseous HC1l
and high £ HoSO4 of about 50° Be result. If
a small amount of HpO is led directly into
the reaction mixture the reaction can be so
controlled without materlal increase of the
temperature, that from the excess chlorosul-
fonic acid employed all the HC1l escapes in the
gaseous form, while with a further addition of
HoO an oily layer, e.g., toluene sulfonyl chlor=-
139 separates on the HpSOy of 50° Be and is
easlily separated therefrom. Instead of a waste
mixture of aqueous HCl and aqueous S04, dry
HCl gas and HoS04 are obtalned by this method
of decomposition, Instead of edding HgO for
the breakup of the reaction mixture, agueous
HC1l may be added.

Concerning the hydrolysis of benzene sulfonyl
chloride, in a study conducted by Wilson, Fuller and
Schur

R. E. Wilson, E. W. Fuller, and M. C. Shur. "Acceleration
of the Hydrolysis of Mustard Ges by Alkaline Colloidal
solutions". Journsl of the American Chemical Soclety.
Vol. 44, pp 2762-83 (1922.)




it was found that the mechanism of the hydrolysis of
benzenesulfonyl chloride was similar in many respects

to that of mustard gas. They stated that the effect of
stirring, the formation of a cloudy layer near the
interface, all indicated that these colloildal droplets
in which the chloride was soluble accelerated the rate
of solution in a manner exactly similar to that demon-
strated for the case of mustard gas. The hydrolyidis

of benzene sulfonyl chloride was apparently catalyzed in
the agqueous phase by the presence of hydroxyl ions and
showed no evidence of reversal in acid solutions. Acid
solutions of various colloids showed a similar sccelera-
ting tendency in cases where benzene sulfonyl chloride was

soluble in the colloidal phase.

The following information wss released from the
files of the Pilot Plant of the Wyandotte Chemical

Company.

According to David Bateman's

David F. Bateman, Research Division Report 608
Wyandotte Chemicals Corporation, March 17, 1948,

report, the following excerpts were noted:
Item 2b. Stability
Stable in no excess water or acid. Hydro-

lysis slowly in scid content over 0.30% with



/0

over 1.0% water. Accelerated by increasse of

temperature.

Item 5. Temperature During Drowning

Temperatures above 40°C during drowning ar e
to be avoided since higher temperature results
in repid hydrolysis of benzene sulfonyl chloride
in presence of water with a significant drop
in yield.

Temperatures below 20°C are to be evoided
since technical sulfonyl tends to begin freez-
ing slightly below this temperature. If the
product 1s to be hendled as an oil, some
hydrolysis will take place if frozen materizl
is overheated during melting with water present.

Item 6. Hydrolysis of Sulfonyl During Drowning
The rate of sulfonyl hydrolysis 1s a direct
function of the water-sulfonic fnterfacial area

and agitation during drowning will result in
considerabl e hydrolysis and yleld loss., This
effect is increased with an incresse in tempera-
ture during drowning (see graph). The gentle
agitation obtained by running the sulfonation
mass and drowning water concurrently into the
vat 1s sufficient to carry out the drowning

and washing eperation. Mechanical agitation
during drowning should not be used.
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Page 9. Operating Instructions

Approximate flow of drowning water 30-~-40
gallons per minute. Temperature of overflow
water is not to exceed 40°C or go below 20°c.

In the study of the process as reported by Dr.

Jackson,

Dr. Donald R. Jackson, A. Be, Ash and K. Aoki, Material
Ba lance Studies of the Sulfonyl Process Status Report

From the Organic Depsrtment. Oct. 28, 1949.
the following information was noted;

Pagina tion C-6210

Sulfonation mass drowned in the Organic Labor-
atory in water 18-20°C. 0il washed in 3 portions

of cold water, each 8% by volume of the oil.

/2



Percentages

Laboratory Pilot Plant

Sulfonyl Chloride 91.2 91.5
Diphenyl Sulfone 7.0 6.5
Acidity as HpS04 0.09 0.36
Water 1.5 1.3
Total 9.8 .7
S8p. Gr. @ 60°F 1.365 1,365
Distillation
Sulfonyl Chloride 90.5 89.0
Diphenyl Sulfone 73 7.4

Charge and weight yield data:
Benzene 1919 lbs., = Acid 6,000 lbs.

Laboratory
Aliquot Pilot Plant
Chlorosulfonation Mass 7535
Drown Mass (Technical) 2.86 3234
Pilot Plant (Sulfonyl Content) 2060
Lab. Sulfonyl Content 2.61
Diphenyl Sulfone Content
Pilot Plant 210 1lb.
Laboratory 228 1lb.

% yield data of sulfonyl chloride for run C-6210

Based on Laboratory Pilot Plant
Benzene 68,7 68.6
Chlorosulfonic Acid 65.4 65.5

¢ Diphenyl Sulfone:

Benzene .9
5

g 8.2
Chlorosulfonic acid 8. 7.8

Discussion: The yield of 68.6% based on benzene is con-
siderably higher than the 58.7 from previous laboratory

study.



Further information obtained was that the pagina-
tion sheet concerning run C-6210 showed that the drowning
time required was 21.17 hours while the single redrowning
required 1.83 hours. Also that the 3234 pound yield was
.25 per cent (as based on benzene) over the average
plant production yield.

Emulsions may sometimes be broken according to

John C. Ware,

John C. Ware, The Chemistry of the Colloidal State.
John Wiley and Sons Inc., New York City, 2nd ed. p. 246, 1936

by mechanical agitation or pounding; freezing; heating;
centrifuging; action of electric current; addition of sub-
stances by which the protecting film is removed by chemical
reaction or its effect decreased to a eritical value by
adsorption.

According to Willlam Clayton

Williesm Clayton, The Theory of Emulsions and Their Technical
Treatment, P. Blakiston's end Sons and Co., Inc,

Philadelphia, 3rd ed. p. 120, 1936.

—

Hatschek mentions the theoretical possibility of an emul-
sion of two liquids having the same density; such an

emulsion should be quite stable.

/4




PRIOR EXPERIENCE

In the commercial manufacture of benzene sulfonyl
chloride at the Pilot Plant of the Wyandotte Chemiecal Corp-
oration, technical grade benzene was directly chloro-
sulfonated by chlorosulfonic acid as indicated in the
previous discussion. Chlorosulfonic acid was charged
into 2 glass lined sulfonator and the benzene was added
slowly with agitation and close temperature control. The
benzene-chlorosulfonlec acid sulfonation mass, a dark brown
heavy liquid, was then drowned into a vat of water where
the unrescted chlorosulfonic acid was spent and the
benzene sulfonyl chloride separated as a heavy emulsion.
Fresh water was supplied continuously to a drowning vat
equipped with cooling coils and carried out the dissolved
acids in its overflow. The benzene sulfonyl chloride
emulsion layer which sett led to the base of the vat and was
withdrawn when the vat became about two-thirds full. The
Benzene sulfonyl chloride layer was then pumped up to a2
settling tank, settled, and then redrowned #nto the drown-
ing vat., When the Bedrowning operation reduced the acidity

to 0.25% as sulfurie acid, the benzene sulfonyl chloride

emulsion was again settled and then trensferred into a large

storage tank. After storage the technlical grade benzene
sulfonyl chloride was produced by egitating the emulsion
with clay, settling the mixture and then filterlng the
liquid layer. A 99% benzene sulfonyl chloride product was
produced by distilling the settled emulsion.

/5



In the initisl drowning operation the incoming
sulfonstion mass stream was dispersed by the entering
water flow. No type of mechanical agitation was used as
it was believed that agitation would cause great hydrolysis
losses. Nevertheless, the incoming sulfonation mess was

agitated by the boiling action caused by the reaction of

the acids and the water and by the incoming streem of water.

the reaction of the chlorosulfonic acid and sulfuric acid
conteained in the sulfonation mass was exothermic and pro-
duced HC1l gas. The gas liberated was removed by &n ex-
haust system while the heat was removed by water cooled
coils. The cooling was necessary as a temperature grester
then 8 certain limit would produce rapid hydrolysis. Tem-
perature control was regulated by the rate of sulfonastion
mass addition, eand by the flow of water in the cooling
coils. Thus the drowning rate was dependent upon the
temperature of the water supply. A too rapid addition

of sulfonation mss, even when the water was sufficiently
cold to maintain & proper temperature, would cause great

entreinment losses.

It was noted thet entrainment losses were always
present, the degree of loss depending upon the rate of
weter overflow and degree of suspension of benzene sul-
fonyl chloride globules in the waste water. With sn over-
flow rate as per operating instructions, the entrainment

losses were reduced, but the time required for drowning
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of one batch of sulfonation mass was twenty to thirty

hours. Because of production demsnds end the boredom

of the long tedious drowning process, the average drown-
ing time was reduced by increasing the rate of wash water
overflow. This in turn removed the produced heat faster
and allowed a more rapid sulfonation mess addition while
maintaining the maximum temperature limit. The entrain-

ment losses were thus correspondingly increased.

After one~fourth of the sulfonation mass was
drowned into the drowning vat, the emulsion was allowed
to settle for 20 minutes, and then was pumped into an
overhead settling tank. After the entire batch was
drowned end pumped up to the settling tenk, the emmlsion
wes redrowned into the drowning vat. The redrowning rate
was much faster than the initial drowning rate for, since
the greater part of the acid was removed, the redrowning
produced very little heat and caused no difficulty in
temperature control. Entrainment losses were a2lso noted
in the redrowning process., The average batch required two
to three redrowning pperations. Average production re-
drowning time was about two hours. Upon reducing the
acidity to the required amount, the emulsion was pumped
to the settling tenk to settle for two to four hours be-
fore transferring to a large storage tank. The time
required for the drowning end redrowning varied from

eight to twenty hours for an sverage mroduction bateh.

17



Twenty~three to thirty hours were required when the water

overflow conditions were carefully controlled.

After removing water from the settled emulsion by
agitation with clay in a 55 gallon drum, the clay perticles
wem allowed to settle and the benzene sulfonyl chloride
liquor was filtered to remove the suspended impurities.

As performed in the pilot plant, the process was physically

objectionable to the operstor because of the toxic, disagree-

able odors involved. The process was also very slow and
uncertain. If 500 pounds of clear product could be ob-
tained in an eight hour period the results were exceptionzal,
On the average it required ten to fifteen hours to produce
500 pounds of product.

Market demands required the clarification of the
emulsion and the removal of water was also necessary to
prevent hydrolysis in shipping or when stored in tightly
closed containers. Hydrolysis produced HCl which corrocded
metal containers and created an internal gas pressure
which made drum handling and opening hazardous. The
distilled product would be more economically distilled
by using & cherge low in water instead of the water rich

emulsion.
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DISCUSSION OF RELATED LITERATURE AND PRIOR EXPERIMENCE

The published literature concerning the prepara-
tion of benzene sulfonyl chloride mentioned the cause
and effects of hydrolysis. Clarke stated in his notations
that unless the sulfonyl chloride was removed from water
as soon as possible, the yield would fall and that mois-
ture present during distillation would promote decompo-
sition. Wilson felt that it was the effects of colloldal
droplets of benzene sulfonyl chloride in water thet sccel-
erated hydrolysis. But, es the Saccharinfabrik patent
mentioned, phase separation of the sulfonetion mass by

the addition of water was possible without loss of yileld.

The Pilot Plant reports emphasized the importance
of proper temperature control and of avoiding mechanical
agitation, but because of the nature of the chemicals in-
volved, this temperature control would be difficult to
do by simple batch drowning.

The apparent importance of preventing the hydroly-
sis of benzene sulfonyl chloride when in contact with
water lead to the adoption of the drowning process without
the use of mechanical agitation. It was believed that
agitation greatly increased the interfacial area of the
benzene sulfonyl chloride and thus increased the hydrolysis
losses., But in the drowning process devised by the pilot
plant of the Wyandotte Chemicels Corparation, it appeared that



average production entrainment losses greatly offset any
saving that might bave been brought about by not using

mechanical agitation.

When opersted under exacting conditions, the yield

of the pilot plant process compared favorably with the
corresponding lsboratory yleld, but the operation cycle
time required was prohibitive to commercial producticn.
The yield of the carefully controlled operation was 9.25%
greater then the average stated yield which indicated that
at least 400 pounds of benzene sulfonyl chloride were lost
at each batch drowning. The actual average losses were

probably 600 to 800 pounds per batch.

The clarification process for obtaining the clear
technical benzene sulfonyl chloride was entirely unsatis-
factory and it was apperent that a more suitable means
must be devised to break the benzene-sulfonyl chloride

emulsion.

The need for improvement of the present pilot
plant process of menufacture of benzene sulfonyl chloride
wes demanded if sny type of commercial production, even
on a smmll scale, was to be attempted. The man-hours of
labor required per batch of benzene sulfonyl chloride was
prohibitive on the basis of labor cost per pound of
finished product. When one considered the equipment with-
drwwn from production for the long cycle time reqguired, the

eost in terms of lost production and inefficient utilization
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of manpower warrsnted immediate correction. It was also
obvious thet prevention of the occurring entrainment

losses would considersbly increase the yield of product.

Undoubtedly minor improvements end additions to
the equipment used would tend to increase efficiency of
the pilot plent process; but in order to enter into com~-
mercial production, a really economical and efficient

method would lmve to be devised.
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CHAPTER III
EQUIPMENT AND PROCEDURE

EQUIPMENT

All experimental work on phase separation of the
sulfonation mass and extraction of scids from the benzene
sulfonyl chloride emulsion was performed using the apparatus
as shown in figure 2. During the trials some slight modi-
fications of the apparatus were made as described in the

procedures for the various trials.

The equipment used for the experimental trials was

improvised from pieces of equipment avellable in the labora-

tory.

A glass stopcock and 10 mm. glass stem were attached
to 8 2 liter pyrex beaker to serve as a storage container

for the benzene-chlorosulfonic acid sulfonatlon mass,

Another glass 2 liter pyrex boskir had a short
piece of 16 mm glass tube attached to serve as an over-
flow exit at about the midpoint of the side of the Dbeaker.
A piece of 8 mm glass tubing was attached on the oppo-
site side of the besker at a point about 2 inches from the
top to act as the inlet for water. This besker was used
as the drowning contsiner.
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1/2" lead tubing from a carboy pump was coiled
and plasced in the drowning container to serve as a cooling
coill. Lead was chosen as a material so that industrial
material contact conditions were simulated. An electrie

agitator was used in the drowning container.

A four~-foot, 2.75 inch 0.D., glass plpe was
fitted with a 16 mm glass tube overflow five inches below
the top. Number 13%rubber stoppers were used on each end

of the tube.

The delivery tubes to the column was made from
16 mm glass tubing and extended 2.5 feet into the column.
A plece of 6 mm glass tubing was attached to the delivery

tube at the bend to act as a release for entrapped gas.

About four feet of 1/4 inch copper tubing was
coiled and placed in a hot water bath in order to warm
the water supplied to the column. The water was warmed
becsuse the tap was seasonally cold and 1t was the desire

to reproduce normal conditions,

An auxiliary extraction column was made from 3 feet

of one inch glass pipe. The pipe was packed with broken
raschig rings. A separatory funnel served as a supply

container to the column,

Rotometers were used on the water inlets to con-

trol the flow of water.
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The welghings were made on a Toledo Balanee
with a 30 1b limit with 1/100 1lb graduation.

PROCEDURE

With a reference to figure 2, the procedure for
trials A, C, D, E and K was as follows: The sulfonation
mass was stored in calibrated container A. The drowning
container B and column C were filled with water befare any
sulfonation mass was charged. The drowning water and the
sulfonation mass were fed into the drowning container B
with agitation rapid enough to prevent the benzene sul-
fonyl chlaride from settling. The drowning water rate
was adjusted 8o the rate at which the sulfonation mass
was fed in was controlled by the temperature rise 1In
the drowning besker. Thus a constant feed rate was
established. As the mixture In the drowning contalner
over-flowed into the extraction column C the column
wash water was adjusted so that negligible entrainment
resulted. The product was withdrawn into container F.
When steady state conditions were apparent, initial
readings on sulfonation mess and wash water containers
were recorded and the emulsion level in the column was

brought to a definite point.




The measurements whéch were recorded are those
listed in the data sheets., Specific gravity was deter-
mined by a hydrometer., Sulfonation mass density was
determined by weighing a definite wolume in a 100 cc
graduated cylinder on a balance.

Trials A and C were performed using merbles as
packing in the counter current extractlon system. A
measurement was made of the sulfonation mass charged, the

wash overflow, and the collected producted.

In trials A and C the equipment was assembled as
in sketch No. 2. The wash water passed directly from
the heating coils to the base of column C. The packing
used in column C was 5/8" marbles packed $o within 2" of
the delivery tube. A wad of glass wool packing was placed
near the exit of the column to prevent globules of benzene
sulfonyl chloride from being carried out by attached gas
bubbles.

Trial B was performed by dropping the sulfonation
mass into a large beaker with rapid agitation and then
allowing the mixture to settle for 40 minutes. With this
method there was no possible overflow loss; it was essen-
tially an equilibrium batch extraction. The layers were

decanted and measured.

In trials D and E the equipment was the same as in
trials A and C except that 1/2” raschig rings were used

as column packing, which extended to about 4" above the
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end of the delivery tube. The agitation in the drowning
vat was regulated so that 1t was just fast enough to keep
the benzene sulfonyl chloride from settling in the drown-

ing contailner.

In trisl F the drowning conteiner B was disconnected
from the extraction column., Water entered the container.
after passing through rotometer H and overflowed slowly
through the container exit. The cooling coils were oper-
ated at the same rate as trials D eand E. No agitation was
used. The following were observed for trial F: time of
run, temperature, sulfona tion mass chasrged, overflow col-

lected, and the amount of lost produce in overflow.

In trial K the equipment was enlarged by attaching
the auxiliary extraction column as shown in figure 2, so
that the effective extraction column length was increased.
The procedure during this trisl was essentially the same
as in trials D and E except that the emulsion layer from
the column C was continuously transferred by beaker to
container M. The valve in contalner M was so regulated
that it permitted the same rate of flow as the flow of

the product from the bottom from column C.

In trial X-K the apparatus used is described in
figure 3., The container was first filled with water and
then a water jet delivered the wash water so that the mass

entering the container was dispersed as in the pilot plant.



method. At intervals of time during during the run,

temperatures were observed in the various zones durilng

the drowning operation. The following measurements were
also taken: Volume of sulfonation mess charged, weight

of overflow water, volume of emulsion remaining in drowning

vat.

The titration procedure was as follows: A 5 ml
sample of the emulsion, withdrawn with a pilpette, was
mixed with 50 ml of carbontetrachloride and 25 ml of

water. Four drops of methyl orange were used as indi-
cator. An approximately 1/10 normal NaOH solution was
slowly titrasted into the agitated mixture until an end

point was reached thaet persisted for 3 minutes or more.

The apparatus used during experimental work on
the breaking of the benzene-sulfonyl chloride emulsion
was a batch centrifuge of the International Equipment
Company, size 1, Type SB; a 500 ml glass bottle attached

to a manometer and a laboratory aspirator.

In the clarification trials by centrifuging, 50ce
samples of $he emulsion were placed in glass containers in
the centrifuge. The emulsion being centrifuged were
checked for clarity at intervals of time. The clarifi-
cation time and acidity were recorded for samples of

varying acidity.




In the clarification trislsiby low pressure,low
temperature distillation of water, 25 cc of emulsion were
pipetted into a clean, dry, 500 ml glass bottle and the mes-
sure was reduced by means of a water aspirator. Trials
were run with and without agitation. The time and vacuum
needed for clarifying the emulsion was recorded. The
clarified*éemulsions were withdrawn and the volume measured

again with the pipette.

In the clarification trials using a continuous
process, célumn R (fig. 2) was evacuated by means of & sm1ll
laboratory type water aspirator attached by means of a pres-
sure hose to the outlet at top of column. After the system
was evacuated and dry, the benzene sulfonyl chloride emul-
slon was fed into the column from container M. The con~-
dition of the liguid was observed as it settled on the bot=-

tom of the column.




CHAPTER IV
DATA AND OBSERVATIONS

TRIAL A DATA

Performed April 6, 1950, Sulfonation mass used
was manufactured November 9, 1949, Wyandotte Research
pagination number C-6361-B-1. The sulfonation mass was
charged into the drowning vat until steady conditions
were reached. A mark was meade near the base of the
extraction column and the sulfonyl collected was with-
drawn to this merk. The drowning container agitation

was rapid.

Recorded Readings:

Initial Steady State End of Run

Rotometer H 35 35 35
Rotometer J 30 30 30
Temperature in

drowning beaker 35 35 35
Sulfonation mass

scale reading 7.9 6.5 2.6
Volume emulsion collected during steady state 345 cc

Wash water collected during steady state conditions 10.1l1 lbs
5/8" marbles stacked to 2" below feed point in column C
were used as packing.

Density of sulfonation mass 1.55 gm/ce
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TRIAL B DATA

Performed April 6, 1950. The sulfonation mass
used was the same as in trisl A.

In this trial the sulfonetion mass was drowned
into a known amount of water in a large beaker while being
agitated by a motor driven agitator. No cooling coils
were used. The purpose of this trial was to determine
what amount of sulfonyl would be produced by equilibrium
batch drowming.

Water placed in beaker 5.64 1lbs
Mess charged 300 ce
Sulfonyl layer collected 145 cec
Acidity of sulfonyl 0.2 %

Temperature did not rise over 35° during drowning.
After addition of sulfonation mass the agitation was stopped
and the mixture was allowed to settle for 40 minutes. Tie
water layer remained turbid. It was noted that after
long standing the wash water sample saved separated into

a clear liquid and a white, cotton-like, mat.
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TRIAL C DATA

Performed April 6, 1950. The sulfonation mass
used was the same as in trial A. Time was recorded after
system reached steady state conditions. 5/8" marbles were

used as packing in column C.

Recorded Readings:

Time in minutes 0 6:05
Rotometer H 38 35
Rotometer J 30 30

Temperature in drowning
beaker 35 35

Sulfonation mass scaler
reading 7.2 2.45

Benzene sulfonyl chloride emulsion collected during
steady state conditions 420 cc

Waste water collected during steady state
conditions 11.89 1lbs

Acidity 0.24% as sulfuric acid



TRIAL D DATA

Performed April 11, 1950. Sulfonation mass
pegination No. C-6364-A wsed was menufactured at Wyandotte
Chemicals. 1/2" raschig rings were used as column packing
which extended to about 4" above the end of the delivery
tube. The agitation in the drowning vat was just fast
enough to keep any benzene sulfonyl chloride from settlirg
in the drowning container.

Recorded Readings

Time in Minutes 0 S 5:30 13330
Rotometer H 50 50 50 50
Rotometer J 13 13 13 13
Temperature in $
drowning beaker o 10° 35 35 35
Sulfonation Mass
Scale Reading 9.9 7.26 6.9 1.65
Volume emulsion collected during steady state 443 cc
Wash water collected during steady state
conditions 11.42 lbs
Temperature of wash water collected 30°¢c
System reached steady state conditions after
5 minutes
Acidity of the emulsion 0.76%

Density of sulfonation mass 1.55 gm/ce



TRIAL E DATA

Performed April 11, 1950.
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The same sulfonation

mass was used as in trial E. 1/2" raschig rings were

used as column packing which extend to about 4" above the

end of the delivery tube. The agitation was just fast

enough to prevent the emulsion from settling.

Recorded Readings:

Time in Minutes 0
Rotometer H 26
Rotometer J

Temperature in drewning
beaker °C

Sulfonation mess scale
reading 7.9

Recording time interval

3 11.25
27 27
31 31
35 30

5.9 1.5

3 to 11:25 minutes

Volume emulsion collected during steady state

conditions

345 ce

Wash water collected during steady state

conditions

Wash water temperature
Emulsion ascldity
Specific Gravity of emulsion

Density of sulfonation mass

12.38 1bs
30°C
0.06%
1.36

1.55 gm/cc

System reached steady state conditions after 3 minutes

Acidity of emulsion 8.06% as sulfuric acid.




TRIAL F DATA

Performed April 11, 1950. The sulfonation mass

used was the same as in trisasl E.

This trial was performed in a manner which was simi-
lar to the method used in the Wyandotte Pilot Plant. This
was done to obtain some type of comparison to the methods

used so thet efficiencies could be compared.

The drowning container B was disconnected from the
extraction column. Water entered the container after
pessing through rotometer H and overflowed slowly through
the container exit. The cooling colls were operated at

the same rate as in trilals D and E. No agitation was used.

Recorded Readings:

Time in Minutes 0 2:30 8
Rotometer H 30 30 30
Temperature 17 20

Mass Reading 5.65 5.1 4.65
Overflow collected 2,80 lbs
Sulfonyl in overflow 15 ce

Acidity of sulfonyl in drowning container very high

The entire contents of the drowning container when mixed
with the entire overflow and weighed was 4.0 lbs. The

total sulfonyl layer then decanted was 74 cc or approximately
0.22 lbs,



_—

TRIAL J DATA

Clarification by batch centrifuging. Performed
April 12, 1950. 50 cc samples were placed in graduated
glass containers in the centrifuge. The speed of the
centrifuge corresponded to & rheostat setting of 1l. The
conditions of the emulsions were observed at intervals,

Samples from trial A, C, D, and E were centrifuged.

Sample A (acidity of 0,43% as sulfuric acid)

After one hour no effect on the emulsion

Sample C (Acidity of 0.24% as sulfuric ecid)
After one howr the samples were still cloudy
although & slight change in emulsion density
was observed. The mmulsion appesred more

dense in the upper zone.

Semple D (acidity of 0.7% as sulfurie ecid)
After one hour absolutely no shifting of the

emulsion layer occurred.

Sample E (2cidity of 0.06% as sulfuric acid)
After three minutes the sample was only very
slightly cloudy.
After 6 minutes of centrifuging the sample was

clear with no visible water dispersion.
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TRIAL K DATA

Performed April 15, 1950. The sulfonation mass
used was freshly prepared on the same day by Wyandotte
Pilot Plant. The second packed column R was put in series
with column C to obtain a greater washing effect. The emul-
sion from column C was transferred to contalner M by meens
of & beaker. The flow of the emulsion from contalner M
was sbout the same as the flow of emulsion from column C.
The sulfonation mess which was charged was welghed prior

to beginning of the trisl.

Recorded Readings:

Recording interval, minutes 0 52
Rotometer H 23 23
Rotometer J 20 20
Temperature in drowning beaker °C 35 35

Sulfona tion mass charged during trial interval 13.13 lbs.

Benzene sulfonyl chloride recovered during trial
interval 5.79 1lbs

Steady state conditions were reached before zero time recordlng
Acidity of emulsion 0.7% as sulfurie acid
Specific gravity of emulsion 1.36
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TRIAL KK DATA

The pilot plant method was simulated in this
trial using the same sulfonation mass as used in trial K.
The drowning container was disconnected from the system
and connected as indicated in sketch #3. A water jet de-~
livered the water used so that the mass entering the con-
tainer was dispersed as in the pilot plant method. Dur-
ing the operation of the trial four definite zones were
noted in the container (these zones were also present in
the pilot plant operation). The upper overflowing zone
was 8 clear waste liguid which contained a few droplets
of Benzene sulfonyl chloride, this was designated on the
sketch as zone A. A second zZone, zone B, was composed of
a turbid liquid probably containing fine droplets of
sulfonyl. The third zone, interfacial zone C, was the con-
tact zone between the sulfonyl emulsion phase and the water-
acld solution phase. Signs of reaction weee noted at the
interface; this was due, undoubtedly, to the high acidity

of the sulfonyl layer.

Recorded Readings:

Date April 17, 1950
Rotometer reading 30

Mass charged 1.01 1lbs.

Overflow collected 6.94 lbs.

Sulfonyl in overflow 25 cc or 0.075 lbs

Sulfonyl in drowning container 120 cc or .360 lbs

38



Total sulfonyl obtained 145 cc or .,435 lbs
Acidity of sulfonyl in drowning container

3.28% as HpyS0,
Sulfonyl collected less 3% acid = 0.35 lbs.

The following temperatures were recorded:

Interval Zone A

Recorded oC Zone B Zone C Zone D
l - 2 min. 22 27 37 .5 -

3 - 4 min. 28.5 30 .5 38 -

7 « 8 min. 26 26.5 38 --
15-16 min. S0 30 38 37

Total trisl time 17:25 minutes.

The definite difference in the drowning container

demons trated what the investigators had suspected. The
thermocouple bulb as placed in the pilot plant drowning
vat would not give a true maximum temperature reading

if it were not at the layer interface. Thus since the
contents were not agitated, the temperature of certain
zones must have at times greatly exceeded the allowable
temperature limit end thus csused hydrolysis losses.
Since some globules were carried to the water surfsasce by
gas bubbles, 1t was impossible to prevent the loss of

product with the waste water.
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CHEMICAL ANALYSIS DATA

The following samples were submitted to the Pilot
Plant laboratory for analysiss
Sample No. Description

3 | Sulfonation mass, C-6364-A, used 1in
Trials D, E, and F

2 Sulfonation mass, C=-7392, used in
¥rials K and K-K

Emulsion obtained from Trisl D
4 Emulsion obtained from Trial E
5 Emulsion obtained from Trisl K

Chemicsl Analysis reported Kay 10, 1950

Ssmple No. % phSO,C1 % Free Acid Water phSOgph
as HpoSO4 % 3
1 39.1 53.9
2 40.7 54 .4
3 83.8 0.60 1.70 7.1
& 8l.0 1.16 4,00 7.13
5 85.2 1.3




TRIAL L DATA

Clarification by batch centrifuging. The same
procedure was used as in trisl J. A portion of the
emulsion layer from trial K was rewashed twice before
centrifuging. The acidity was negligible as indicated by
methyl orange. After rewashing the ssmple was settled
for one hour before centrifuging. 20 minutes of eentri-
fuging at rheostat setting of 11 were required to clarify
the emulsion. After settling for 36 hours only 8 minutes

were required to clarify the emulsion.

TRIAL M-1 DATA

Clerification by low temperature vacuum batch
distillation. Performed April 19, 1950. Rewashed
emulsion from trial K was used in this run. Acidity
was negligible as indicated by methyl orange. 25 cc of
emulsion at 25°C were measured with a pipette and pleced
into & dry 500 ec bottle. The pressure was reduced to
about 15 mm for 20 minutes before the emulsion beceme
clear. The liquid was withdrawn and meesured in 8

pipette. No significant losses Wwere observed.
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TRIAL M-2 DATE

Clarification by low temperature vacuum batch
distillation. Performed April 19, 1950. The same emul-
sion and procedure were used as in trisl M-l except the
rapid agitation wes supplied by sheking the bottle. Tem-
perature of emulsion was 25°C. 5 minutes were required to

clarify the solution. No significant losses were observed.

TRIAL M-3 DATA

Clarification by low temperature veacuum batch
distillstion. Performed April 19, 1950. Same procedure
was used as in trial M-l except that rapid agitation was
supplied. Material used was the emulsion from trisl K.
At the end of 3-1/2 minutes the liguild was clear.

TRIAL M-4 DATA

Clarifieation by continuous low temperature
distillation. The column R was packed with broken raschig
rings. The system was dried and evacuated. The pressure
was mainteined at 15 mm throughout the run. The emulsion
was introduced at a slow rate. Tempereature of feed was
30°C. The liquid was clear as it accumulated in the

bottom of the column., No welghts were recorded.



CHAPTER V

CALCULATIONS

CALCULATIONS FOR TRIAL K

Weight sulfona tion mass charged: 13,13 lbs
Weight PhSO5Cl collected: 5.79 lbs

Per cent yield based on sulfonation
mass charged:

R

Wash water used
Weight of waste water = 57 .96 lbs
Weight of waste acids = 13,13 -~ 5.79 = 7,34

Weight of wash water = 57.96 - 7,34 = 50.62
Ratio of wash water and sulfome tion mass charged

%gf%g = 3,85 lbs Ho0/1b sulfonation mass

CALCULATIONS IN TRIAL EK-K

Convert initial (I.R.) and final (F.R.) scale

readings from sulfonation mass container by the use of

conversion graph (figure 4).
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Weight sulfonetion mass charged
F.R. 2 3.8 = 1210 cec
I.R. = 8.7 = 915 ecc

Net charge 295 cec

Weight = 295 x 1.55
Im 1 -01 lbs

Weight PhSOgCl collected
Volume of emulsion = 145 cec

Weight emulsion = 145 x 1.36 o 435 1bs

Weight emulsion discounting entrainment

losses = 120 x {.36 = .36 1bs

Weight acid in emulsion = 0.36 x .0328 = ,012
Net weight of emulsion (discounting entrain-
ment and acidity) =
36 - .01 = 0.35 1bs
Per cent yield based on sulfonation mass charged

100 x 0.435 =
e 43%

Water used;
Weight waste water = 6,94 lbs
Waste acid = 1.01 - .44 = 0.57
Net water = 6.94 - 0,57 = 6.37

Water used per 1lb sulfonation mass charged:
6.37 3
T = 6-31 1bs/1b

Acidity: volume NaOH = 8.25
Titration factor <077
% acid = 8025 X 0-077 x5 - 5017%
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CONSTRUCTION OF DUHRING LINES

The vapor pressure data for benzene sulfonyl

chloride aceording to Hans T. Clark

loe. cit. p 6-8

-

was 15 mm/118-120° and 10 mm/113-115°. The vapor pressures
given are for the benzene sulfonyl chloride and diphenyl

sulfone mixture as recovered from the sulfonation mass.

The following values were used in the construc-

tion of the Duhring Lines in figure 5.

Benzene Sulfonyl Chloride Water

Temp. °C Vapor Pressure Temp.°C Vapor Presswre
mm Hg mm HE

246 760 100 760

118-120 15 17 .6 15

113-115 10 Il.2 10

148-152 40 34 .2 40

The following vapor pressure relations were

extrapolated from the Duhring Lines:

Temp. °C Vapor Pressure Vepor Pressure
PhS0gCl mm Hg HgO mm Hg

30 0.1 31.8

40 0.28 55 43

50 0.54 92.5

60 0.85 149 .4

47



TEMPERAT URE OF WATER °C

00

8o

60

do

20

20

70

.‘1

20 dJ0o 60 80 /o0 /20 /90 /MO /80 200 220 240 26

TEMPERATURE OF
CGHJSQ_C/ /A/ OC

DUHRING LINES

A
JT. *,

gl THES
7 anl b

REFTNING OF PhS0,C1

. GACH, J. BOCHINSKI

03

R R

s

S D
R
300 S
X Q

Y
o OB
N

A

100 §§
N

IS CHE 196 a §5-/2-350




Vapor pressure ratios corresponding to the
approximate ratios of components (water vapor and
benzene sulfonyl chloride vapor) in the vapor phase

was calculated for the following temperatures:

Temp. °C Ratio HpO to PhSO,Cl
30 318
40 198
50 175
60 172

An approximation of the losses incurred during
vacuum distillation of the emulsion at 30°C was made as

follows:

Basis 3000 lbs
approximate water contained in emulsion 1.5%
welght water in emulsion 45 lbs
mole water per mol benzene sulfonyl
chloride leaving in vapor during
distillation 300
1bs sulfonyl/lb water in vapor

1 X 176.6
“soox I8 - 0526

1lbs sulfonyl lost 45 x .,0326 = 1.5 1b
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CHAPTER VI
STATEMENT AND DISCUSSION OF RESULTS

The results of the data were presented in the
following tables:

Table I, Calculsted Results of the Experimental
Trials

Table II, Calculated Material Balance Based on
Chemical Assay

Table III, Results of Clarification Trials

S50




TABLE I.

Sulf.

mess

charged
Trial 1lbs.

A 2.106
B 1.024
c 2.63
D 2.97
E 2.34
F 0.547
K 1313
K=K 1.01
Plt.
Plant 7235
C=6210

NOTES:

PhS02C1
emulsions
collected
lbs.

1.033
0.435
1.26

1.33
1.03
0.222%
0.169%%

5.79

0.435#%
0.35 #%

3234

% yield
Water based on
used sulf, mass
1lbs. charged
9.04 49 .2
5.64 42,5
10.62 49,.8
9.78 44 .8
11.07 44
3 .67 40,6%
30 ,9%%
50,62 44,1
6.37 43 %
34 T deit
42,9

# Based on total recovery measured.
## Based on recovery of process

CALCULATED RESULTS OF THE EXPERIMENTAL TRIALS

Lbs water
per 1lb
sulf. mess
charged

3.86

Acidity
of
PhS02C1

% HoS0,

0.36

Trial
time
in
min.

8
8
8

30
25
00

52
17:25

Rate of
drowning
lbs sulf.
mass

per min.

0.35
0.270
0,069

0.253
0.058
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Trial

TABLE II.

Assay of

Sulf.

Mass

4 Ph30oC1
39 .1
39.1

40 .7

CALCULATED MATERIAL BALANCE BASED ON CHEMICAL ASSAY

Ph50201 in
Sulf, Mass
According
to Assay
lbs

1.16
0.916
5.35

Emulsion
Collected
lbs.
1.33
1.03

5.79

Assay of
Emalsion
Obtained
%PhS0gC1
83.8
8l1.0

85.2

PhSO_C1l
Obta¥ned
According
To Assay
lbs

1.11
0.8356
4,93

% Yield
Obtained
95.7
91.2
85.1
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TABLE III. RESULTS OF CLARIFICATION TRIALS

Clarification by centrifuging and distillation. A constant speed was used on
all centrifuging trials.

Sample % Acidity % water Centrifuging time Distillation time
A 0.43 1 hour no effect
C 0.24 1 hour slight effect
D 0.7 1.7 1 hour no effect
E 0.06 4.0 3 min, slightly cloudy

6 min. very clear

L negligible 20 min, very clear 5 min. very clear
8 min. very clear after
solution settled for
36 hours before

centrifuging

K 3.5 min. very clear
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DISCUSSION OF RESULTS

Consideration of the figures in the Statements of
Results as exact qusntative measurement and comperison
values was not warrented, because many of the assumptions
made could well be questioned. But, it was permissible
to use them for basing comparison on an indicative basis

as the results were fairly conslstant.

The yield of the experimentel trials compared
favorably with the results based upon Pilot Plant litera-
ture, indieating that if careful, long-period control was
maintained, the entrainment losses were a2t & minimum and

thus the resulting yields were approximately the same.

Since the yields of trials A and C exceeded
triel B; D and E exceeded F; and K exceeded K-K, it wes
i{nferred that hydrolysis losses were definitely not
greater Wwhen agitation was performed in limited amounts
of water during phase separation. The results even indi-

cated that hydrolysis losses may have been repressed.

The high zone temperatures noted in EK-K may have
increased hydrolysis losses as the total yield of K-K was
less than K.

Trials showing a greater production rate indicated

a grester yleld.




More efficient use of water was exhibited by
the obtaining of lower acid values while using a lower

water ratio.

Higher yields becasuse of less entralnment loss
was indicated where a packed column and smeller volumes

of water were used.

Material balances based on chemical analysis
did not indicate any obvious discrepancies. The differ-
ences in acidity values as determined during the trial
and by the Pilot Plant laboratory indicated thet hydroly-
sis took place upon standing as the samples stood for
quite a period of time before analysis by the Pilot
Plant.

Critical examination of the results made the

following disclosures.

It was assumed that the welght of HCl removed
through the fume ejector was negligible in ccmparison to
the weights recorded, thus, the weight of HC1l lost was
assumed negligible in the me terial balances.

The laboratory equipment was operated until
steady state conditions were apparent and then the
materiasl balance factors were observed and recorded. It
was possible thet a slight excess of wateP and emulsion
yield may have been collected in trials A and C and possi-

bly in D snd E.
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The sulfonastion messes used in &ll trisls except
K were not freshly prepered sc an sge factor mey heve pro-
duced misleading figures as compared to results using

fresh sulfonation mess,

Error may hsve been introduced due to measurement
errors a8 the volumetric measurements were converted to
weight values by multiplying by the specific gravity and
density conversion factors. The small smounts measured
in some instances mey lave increased the possible experi-
mental error. Slide rule calculations were used for all
calculations as it was assumed that the accuracy of the

measurements did not warrant more exacting computations,

The water source temperatures were not recorded
nar was any attempt made to keep a specifie temperature;
it was believed that this could not introduce any signi-

ficant error.

The calculations based upon chemical analysis
could not be relied upon too strongly as each assay
did not total 100 per cent. Also the chemical analyses
were performed a long time after the perticular samples
were obtained

Although direct comparison of experimental and
recorded results can not be applied too rigidly as the
sulfonation mass of each reaction operation undoubtedly

varied in analysis, it was assumed that this varietion

56



was not sufficient to prevent indicative comparison. Also,

although the simulated Pilot Plant comperison trials,

F and K-K, undoubtedly did not reproduce the exact pilot
Plant conditions (because of the difference in the sizes
of the apperatus used) indicative comparison was still

assumed epplicable.

During the centrifuging trials the degree of
clarity was determined by visual inspection. A solution
was considered accepteble when transparent and when no

turbidity was observed.

The interpreteations of the distillation data
may be in error because the volumes of emulsions used
during distillation trials were small and the data
calculated from Duhring lines involved approximations

and extrepolations.



CHAPTER VII
SUMMARY OF CONCLUSIONS

The results of the experimental trials and
knowledge obtained through related literature and prior
experience made it possible to state the following

conclusions as being plausible.

In regard to mechanical agitation and its in-
fluence upon hydrolysis in the current batch and pro-
posed industrial refinement processes, the following

references were drawng

The boiling action produced in the drowning
water by the reaction of the unused chlorosulfonic and
sulfuric acids in the batch process mey have been
sufficient to produce &s much hydrolysis loss as that

produced by mechanical agirtion in the proposed process.

The comperatively large volumes of water used
in the batch process and the subsequent hydrolysis loss
may have been more than enough to offset any hydrolysis

loss increase due to mechanical agitation.

The mmall emount of water amd large amount of
acid present during the phase seperatiocnmay have
suppressed hydrolysis as under these conditions the sul-

furic ascid (about 50° Be) had the greater affinity for water.
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The comparatively smaller amount of water used
to wash out the acid and its more efficient utilization
in the continuous extraction system tended to reduce

hydrolysis losses.

The poor temperature control armd localized heat-
ing as was exhibited by the batch process encouraged
hydrolysis while the rapid and efficient cooling due to
mechanical agitation in the proposed process prevented

any higher temperature hydrolysis losses,

Since the proposed process was much more rapid,
the hydrolysis losses in the batch process were greater
as the contact time between water and benzene sulfonyl

chloride was grester.

Concerning the entrainment losses of benzene
sulfonyl chloride it can be safely inferred that due
to smaller volumes of wash water overflow in the proposed
process that the entrainment losses were less than in the

batch process,

Also the entrainment losses were less in the
proposed process as the packing served to coagulate and

"wipe-out" the entrained globules of chloride.
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Involving the clarification of the benzene
sulfonyl chloride-water emulsion, the bulk of the
turbidity producing water appeared to be removable

by centrifuging.

Residual emounts of water (and even large zmounts)
were easily removable by low temperature vacuum distilla~-
tion. This clarification process eppeared much more
satisfactory in all respects as compsred to the clay~-

treating and filtering process.

As compered to the batech process, it appeared
that the continuous process, when applied in industry,
would mesn a great saving in labor man hours; introduce
more pleesant and less boring conditions; reduce the
"human element" problems; reduce the reguirements for

rigid control and constant observation.
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CHAPTER VIII

RECOMMENDATIONS

The reccmmendation was made that themethod
of refining benzene sulfonyl chloride from benzene-
chlorosulfonic acid sulfonation mess be changed to the
method ss indicated by the engineering flow sheet
(figure 6) after further investigation substantiates
the conclusions of this report.

It was also recommended that further investi-
gation be made to determine the type end design of the
phase-separating-cooling unit; the best water-sulfona-
tion mass drowning ratio; the type and design of extraction
column; thetype of packing most suiteble; best extraction
rates; the type of centrifuge and centrifuging factors;
and the type of distillation apparestus and distillation

factors.

Tt wes advised that in order to substantiate
the conclusions of our report, the equipment DLe en-
larged to pilot plant scale, and the sulfonation mess

used be freshly preparéd.




FIGURE 6
PROPOSED ENGINEERING FLOW SHEET
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