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ABSTRACT 

This thesis reIresenta the investIgatIons and 

application of various chemica l and engineering prin­

ciple. thst may prove useful in designing an efficient 

and economical method for producing benzene sulfonyl 

chloride tram benzene- cbloroaultonic acid 8ultonation 

masa. 

PD1se separation ot tbe sultonstlon mass with 

wa ter tollowed by countercurrent extractIon ot the ac Ida 

trom the 8ulfonation mass proved to be a more etfi ­

cient and ea onomical process than a batch drowni ng pro-

ce88. 

Centrifuging and low temperature vacuum dis­

tills tion of the benzene au Irony! chloride emulsion 

appeared to be etticient method or clarltication. 

In brIet, the concl ueion summery was outlined 

.a tallows: 

In the rei1nement ot benzene cbloro8ultonlc 

acid 8UltOIB tion IDIlsa, the continuous agitated- pbase­

aeptration and counter- current extraction process with 



clarification by centr1tuging and vaouum diatllla tion 

appeared muon mora etticient than the batch- drowning 

process tor 

I Hydrol,.si. losae. 

a) were not greatly increased by agitation 

b) were reduoed tor uae ot amaller volumea 
of drowning water, 

c} were repressed in agitated phale aeperation 

d) were leal when tbe waab watar waa mora 
ettioiently used 

e) were lea. when proper temperature control 
wa a obtained 

t) were raw ced 8a the per iod ot contact wi th 
water was sbortened 

II Entrainment lo •• es were reduced by 

a) uae or less water overtlow 

b) the action ot the column pecking 

III Clarit1oation was mde poasib].e 

.) by removal ot water by centr1tuglDg 

b) by remOTa 1 ot wa ter lr1 vacuum. d1 st illa tion 

IV Man - houra were more ettiolently uaed by 

a) re<hlcirs the procesa time 

b) reduc1ng rell(Uirementa tor rigid control 



STATEMENT OF PROBLEM 

To devise an efficient and economiosl method 

or producing a olear benzene sulfonyl chloride product 

witb minimum amounts of water. aCids. and other objection­

able impurities from a benzene-obloroaulfonic acid sulfon­

.tion mass. 

SCOPE OF PROBLEM 

Tbe tre.tment of this proble m involved the develop ... 

ment or a metbod for ilhe refini~ of benzene-ob lorollulfoni c 

IIcid sultonation maaa into a clear benzene sultonyl chloride 

product by removing the contained acids and introduced 

water. Tbe refining w,etbod devised bad 10-' bydrol,.sia 

losses. low entrainment 108ses. an improved overall effi ­

ciency and industria l applicati on. These factors .ere 

1nvestigated on a laboratory seale witb emphasis on in­

c reasill!: yield and reducing ope r ation cycle time. No 

s ttempt was made to remove tbe dipbeny l sultone by-product. 



CHAPTER I 

INTRODUCTION 

Althouah the eompound W88 known tor many years, 

benzene sultonyl ehloride did not beeome 11.ated as a CO.lll­

merc1.ally produced chemical until rec entl,._ The full 

commercial poasibll1t1ea have not been tully e.xplored aa 

yet, but it wa. expected that thi. chemical would find Wide 

use in sy.thesis ot organic compounds and preparation ot 

dyestufts, pharmaeeuticals and plasticizers_ 

Benzene sultoIl11 chlorjde had been Jrepered by 

the tollowiug methods: by the action of phosphorus pent.­

chloride or phosphorus oxychloride on sodium benzeneaultonate; 

by the action of phosphorus pent.chloride on d1phenyl sutt one; 

by the action of ch lorine on benzenesultonic acid; by the 

act ton ot ohlor ide on dipbenyl sulfoXide; by tbe action 

of Illlfony1 chloride on benzene; and by the action ot 

benzen. on ch lorosultonic acid. 

In the reaction of benzene on c h10roau1tonic acid 

the toll~ ing react! ona may take place Simultaneously; 

C6HS503H of- HOO~Cl - CSHSS02C1 ..,. ~S0oi 

eSBS +' B30ZC1 - CSBSS02C1 .... ~O 

-

I 



The benzene-chloroaultonic acid reacti on produced 

a reaction mass which contains benzene 8ulfonyl chloride, 

sulfuric 8cid, hydrochloric aCid. and d1pbenyl sulfone wi tb 

traces or benzene sulfonic acid ar:d other side reaction 

products. 

The benzene-chlorosu1tonic acid reaction was 

uaed for cClllmerc 18 1 production by the Wyandotte Chemicals 

Corporation. The investigators, tormer employees of the 

company, decided to sttempt t o devise an economical and 

etficient method ot producing It clear bemene au1fonyl 

ch loride with min1ll'lUlD amounts of wster, acid, snd other 

objectiona ble impurities. 

Tentative specitications of the commeroial 

grades at benzene Bultonyl chloride and illustrative 

reaction equationa were presented by the Wyandotte Chemi ­

cals 8S listed on tre tollowing sheets . 
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'IIDNItAI. 
lATA 

IN 

Benzeneslllfonyl Chloride 
o 

~.II. O-i-ci 

TENTATIVE SPECIFICATIONS 

Properties Techninl Cr~de 

Color ............... . Amber liquid 

Puritr ................................................ 9O~;' min. 

:'.Ielting Uange ......................................... 8.0' C--11.5 C 

Distillation Uange (10 mm) ................... 13;}- 157' C (9.'V;: o\'er) 

Free .ol" cid (as Kulfuric acid) ................. . 

:Moisture .................. .. 
Phenyl Sulfone ... . 

Specific Gravity at GO' F ............... . 

Weight per gallon at 60' F .................... . 

O.25r(, max. 

0.50 % mn;\:. 

10.0% max. 

1.360·] .38.5 

approx. 11 . 1 Ibs. 

CHEMICAL PROPERTIES 

Refined Grade 

Amber liquid 

99.0Si> min. 

11.2' C-15.So C 

118·152' C (95r~ over) 

0.2050 max. 

0.2 % max. 

0.2% max. 

1.375-1.390 

nplll"Ox. 1 L 5 Ibs. 

Wyandotte benzenesulfonyl chloride react.s as a typical acid chloride and undel" certain conditions it 

may aet ua ch lorinating or oxidizing agent, Because of the low solubility of bem:enesulfonyl ehlo­

!"ide it is \'ery s lowly hydrolyzed by cold water, but strong a lkalis 01' concentrated acids may be used 

in effecting r:\lJid hydrolysis, Benzenesulfonyl ehloritle is useful fo r the prelk1ration of esters, ben­

zenesul fo nnmide, N'alkylated benzenesulfonamides, sul/inlltes, hydrazides and a variety of other s~'n­

thetie products, It is a useful reagent fot' blocking active h~'dt"Ox .\·1 and nmi no groups. 

WYANDOTTE CHEMICALS CORPORATION. WYANDOTTE, MICHIGAN 
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Benzenesulfonyl Chloride 

• I. ICeutjoo ,,-jl" al<ohols for Ihe IITepa.,,!;on of a lk )'1 este rs. 

• 

• 

c:)SO,CI + C,H,OH + NaOIl--.. c:)SO ,OC,H. + /I,aCI + 11 ,0 
E •• ,I lI,n, .... ,"II"".,. 

Z. H.aetio" wjl" phen"l~ ro' the prepara1i"n of aromal ic ""lUll, 

C>sO:CI+ C)OH + NaOIl-~GSO.oC> + '>aCI + H,O 
P~.nrl B, .,o •• ,ull ... o'. 

3. Reac t ion wHh ammonia to form benzenuulfonamide. 

O SO,CI+ 2 i\'11 .--~OSO.NH , + NILe] 
8 ....... "11 .... "'1010 

{. Readion ... ith primary .mines to form ..... monosubstituted benzene~u1fonam ide!l. 

C=>SQ,CI + C,II ,1\II, + \'aOIl--~OSO,N-C.H . + i\'aCi + 1-1,0 
I, 

N.EI •• ' B.n •• n •• ulf ...... ldo 

0 50,0 + 0 ' '', + i'\aOIl- - .. O SO,NCJ+ NaC! + li tO 

1\ 
"'.Ph .. ,. 8 ....... . "11 ............ 

: •. Reartion "'Hh se<:ondary amine~ 10 form l\, ".di~ubsliIUied buzenel!ulfonamidts 

C>~tCI + (C,Il .l,NII + NaOIl--"<=JSO,N(C,II ,), + NaCI + 11,0 
N, N.DI.,h.1 B.n •• ~ • • ~H.n.mld. 

C,IL , , 
C>SO,cJ + C> [XC ,II , + t\"OIl--,..~SO.N()+ l\aCI + 11 ,(1 

~.!:'hYIP~ 
B.n .... . u,r.n.",rd. 

ti. I!ea~ti"n with r~ud"g agenl ~ (e.g . Zn and II , SO,) 10 for m thiophenol 

II · <=> SO.CI - ,.. <J 511 
Zn 

Th;'ph.not 

7. llc~clion will! hydru;n~ 10 form hydruid ..... 

C>SO,CI + Z1\ 11 ,:\ II , - C)SO,NHNII , + NII ,N II,CI 

C.lISo,e l l,I.n .. n.auU ... b yd . .. ld. , 
\'" 1-[ 

1-,.. (CaH .~,~ H), + NaCI + 11 ,0 
1,1 1. ( P b.nyt . uit.nyt, H.d ... Id. 

1I" Heae(ion .. ilh h)"droxylamine to form ben~ene;<u1fonhydroumide. 

O SO.CI + Z"I1 ,O I!-- ~ ~<:;() .NHOI-I + ." I-I ,OH .110 
"--r.:.":.:. t Ion b .... 00 ..... rd. 

WYANDOTTE CHEMICALS CORPORATION. WYANDOTTE, MICHIGAN 
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Benzenesulfonyl Chloride 

9. Ru ct ion .. il h N.a r,.] hyrlruirln 10 form aldth,.d~. 

o 0 
II II 

<=)SO,CI + CII ,-O- CJ--o-<=>-CNIIi'H.-> C I I .--O---(J-O--<=>-C~ II\, IISO . <=> 
ilia,tO. 

II OCld:: II ,OIl 0 
I " - >C I I .--O-<=>- O- C>-CII 
4·H_M.th • • ~ Phon",.) 'hn,a ldeh.d. 

Ill. Rea<lioh wilh benze"",,,,lf.,namide to ( <orm d ibe nzene><ulrunamide. 

<QSO,CI + <=>SO,XII , + SaOIl- >CJSO, \'O,SO + SuCI + 11 ,0 

,', 
D; ... " .. n •• ~lr.~ .... ; ... 

II . Reaotion in f riedel -Krans synthesu. 

o 
A 

OSO,CI +0+"ICI'-' O - 8- 0+ IICI 
> 
o 

P • • nyl S uU .... 

12. Reaclion as a (hto.inaling agent f.." .u""tiloli .. " of (hlor i"e in unu!uraterl compound!!. 

O SO.CI -I- C,Il ,e C'\3--->C,II ,C e e l + C,Il ,SO. \a 
j .ChI.rob.ty • • 

13. I!eadiuns for Ihe preparation of s ul6nic add a nd Hullinalts. 

<=>50.0 + ;JI I.->-<==>SO,I1 
I Sul~ni< "'''d 

l\aOIl 
I 

C,II.B .. 
I 
--,..r)SO,C,II , + '~II \r + 11 ,0 
~ Bon •• n •• uIAno •• 

<Jso.CI + ;\[I.so. + ::!\".Oll- - >-()SO, '\a + \'ae l + ,\(I.so. + 11 .0 
~ ".fi'.fi'O"'~fi.t. 

II. lIeach .. " " 'ilh Gci ~nard rugenls. 

I
- , ,",SQ,(;,II , 

C=>SO,CI + C,II . \I>:i3r- - ~, BOfi ... OO.m.". 
-+C)SO,.\lgllr + C,II .Br. 

The reac.i"n~ herein ~ugg""led are f"r il1us.ra!ion onl)' and no repr""enlal ion of rreedom rrom I,alent liabilily [9 warranled, 

WYANDOTTE CHEMICALS CORPORATION. WYAN DOTTE, MICHIGAN 
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CHAPTER II 

RELATED LITERATURE AND PRIOR EXPERIEllCE 

RELATED LITERATURli: 

The amount ot publisbed pertinent literature con­

cerning benzene auItonyl cb l or i de was very meager, but a 

aearcb or the library revealed aome intormation. 

AccordiI:@; to Hanl T . Clarke 

Bina Tbicher ciarke, argarilc 3yntbeala, Sabri WI l e,. and Sona, 

New York Clty, Volume X, pp 6-8 , 1930. 

benzene sulfonyl ch l oride wss prepared i n the tollowing IIIlnner : 

Benz ene auUoc hlor ide 

CsHs -t- 2ClS03H - C6H5S0~l .,.. ~S04 -t- HOl 

Submitted by H. T. Clarke, O. S. Babcock, and 
T . F. Murray . Checked by Frank C. Whitmore and 
A. ». Griswold. 

1. Procedure 

In a 5-1. tlalk. fitted wi th stirrer, dropping 
tunnel, exit tube, and thermometer, is placed 
3,500 g . (30 molea) ot chloroaultonic scld (lrote 1), 
snd to it ia slowly added, with continuous Itir r1ng, 
780 g . ( 10 moles) ot benzene (Ngte 2) , keeping the 
temperature between 20°C and 25 C by meana or cold 
•• ter . The hydrogen chloride which is evolved il 
184 to a bood or absorbed In w.ter . The .d~ition 
requirea two to three hours; when this ia complete, 
tbe mixture ia atirred tor an bour, and poured 
onto 6 - 7 kg. ot crushed ice (Bote 3) . One l1ter ot 
carbon tetracbloride 18 then added, the oil 1_ 
aepar.ted as loon as posaible (Note 4), and the 
•• tery layer ia aha ken w1tb 500 cc . or carb on 
tetracbl oride. The combined 011 1a washed with 
dilute sodium carbona te , III d the bu l k ot tbe 
carbon tetrachloride 1a diatilled under atmospherio 
preaaure (Hote 5}i tba pre"ure 1s then reduced 



(Note S) and the benzenaaultocbloride collected at 
113-11S6/10 lDIl. (118-120°/15 mm . ) . The yhld 1. 
1:520-1360 g . (75-77 per cent at the theoretical 
amount) ot 8 eolorless liqu id wbleb on cooling 
seta to 8 cryatall1ne 8011d melting at 13- 14li. 

A ama1l amount (SO-lOO g.) ot a hig her boiling 
material remains in the tlask. This 18 mainly 
dlpbenyl sultone, which may be isola ted by dia ­
tillation under reduced pressure (b . p. 2250/10 mm.) 
and recrystalliZation trom methyl alc ol101. I t 
torma eolorl ••• crysta ls whicb melt at 12So • 

2. Hot •• 

1. It l.s. than 50 per cent exce.s ot chloro­
sulfonie acld 18 taken, the yie l d ot dlpbenyl 
sultone incr.a.e. at the .expense ot the sulted! lorida. 

2. 4 good commercia l gr ade or benzene, boiling 
over 8 1° range, 1. a.-t 1.ractory . The benzene must 
be a dded to tbe acId (not vIce vera.); otherwlae, 
a larger proportIon ot sultone Is formed. 

3. The benzenesultochlorlde separates at tirst 
.s • crysta llIne aolid whlc b Melius 88 tbe tempe ra­
tura rises. It was tound impractical to filter 
otf thIs 8011d, o ... ing to Its tendency to melt on 
t h e funnel. 

4. The su ltochloride should be remov ed trom 
the water as soon as possIble; otherwise, the yield 
falla, o"'ing to bydroly als. In one run in whicb 
tbe mixture was allowed to st.nd overnight betore 
aeparating, only 1220 g . (69 per cent) .... s obtained. 
If dltflcu1ty is experienced in t he separ.tion, 
owing to the presence ot suspended so lId matter, 
the 011 may first be filtered wIth auction through 
a hardened paper or felt cloth . Aa a rule, it Is 
mare ly necessary to tilter the s l udgy l ayer lying 
between tbe oil and the .... tsr . 

5 . Tbe carbon tetrachloride v.por carries wI tb 
it any moisture tbat may be present . If this were 
not removed at a relatively low temperature, hydro ­
l YSIS of the chloride would take place, ... ith the for ­
mation of s u lfonic acid wblcb would promote decom­
poaition of tbe aultocblorida during its distillation . 

6. The ·pressure sbould b e reduced gradually, and 
the first runnIngs, mainly carbon tetrachloride, 
collected separa tely. 

7 



.A. GerlDBD patent 

S&ccbarlntabrlk Akt - Gea •• Vorm o Pablberg, Lilt and Co . ~ 

Salbke-Weaterhflllen A/E . Ger. pat. 224.~86; Nov . 7. 1908. 

(ChemIcal Abllhects by !merioln Cbemic a l SOciet,.. Vol. 5, 

Jan .-April. p . 154, ( 1911).) 

wae round wb lch involved the benzene -chlorolultonic 8cld 

reaction . The abstraotion was .a toll owa; 

In the breaking up ot • reaction mixture 
contaIning tree chlaro-su lfonio acld, the 
reaction mixture can witbout prejudice to 
the yield , be so broken up the t 88 seous He l 
and high % B2S0. ot about 500 S. result . It 
• amall amount or H:aO 18 led directly into 
the reaction mixture the reaction caD he so 
controlled w1thout material inorease or the 
temperature, that from the excess ehloroaul­
tonic acId employed all the Bel escap •• In the 
g •• aous torm. wh11e w1th a further add1tion ot 
H20 an 011y l ayer, e .g •• toluene sulfonyl chlcr ­
ide aepera tea on the 11950, ot 500 Be a nd is 
eas l 1y separated therefrom . Instead ot • waste 
mixture ot aqueous HOI and aqueous HoSO" dry 
HCI gs s and H9S0, are obtained by thta method 
ot decompositIon . Instead of adding ~O for 
the breakup ot the reaction mixture, aqueous 
BCl may b. added. 

Concerning the hydrolysls of benzene sulfonyl 

chlorlde, ln a atudy c onduct&d by Wilson, Puller and 

Schur 

R. E. Wllson. E ••• Fuller, and M. C. Sbur. "Acceleratlon 

ot the H7drolyaie of Mustard Gas by Alkallne Colloidal 

aolut1ona". Journal of the Americs.n Chemloal Society . 

Vol. ". pp 2762 -e~ (1922 . ) 

B 



it was found thBt the mechanism of the hydrolysis of 

benzeneaul loDyl chloride was B~11ar in many respects 

to that of mustard gas . They stated that the effect of 

stirring, the formation of a cloudy l ayer near tbe 

lnterface, all indicated that these colloida l droplets 

in which the chloride was soluble accelerated the rate 

of solution in a manner exactly similar to that demon­

strated tor the case of mustard gas. The hydrolyti. 

o! benzene sulfonyl ohler ide was apparently catalyzed in 

the aqueous phase by the presence of hydroxy l ions and 

showed no evidence of reversal in acid solutions. Acid 

solutions of various colloids showed a similar accelera­

ting tendency in cssss Where benzene sulfonyl chloride Was 

s oluble in tbe colloidal phua . 

The /0110W116 informati on wa a released trom the 

tHes or the Pilot Plant at the Wyando tte Chemical 

Compan,. • 

Aocordi ng to David Bateman's 

David F. Bateman, Research Division Report 608 

Wyandotte Chemicals Corporation, Marcb 17. 1948. 

report, tbe tollowing excerpts were noted: 

Item 2b. Stab111t,. 

Stable 1n no excess water or acid. Hydro -

11St. alowly 1n acid content over 0 . 30% with 

9 



over 1.0% water. Accelerated by increase ot 

temperature . 

Item 5. Temperature During Drowning 

Tempera ture.s above 4000 during drOwning ar e 

to be avoided aince higher temperature resulta 

in rap i d bydro l y81 s ot bemene aultony l ch l oride 

in presence ot water with a signiticant drop 

i n yield. . 

Temperatures below 200 0 are to be aVOided 

sinoe technica l sul fony l t ends to begin freez­

ing slightly below this temperature. It the 

product is to be handled as an oil, some 

hydrolya1a w111 take place it frozen material 

1. overbeated during melt1ng witb water present. 

Item 6 . Hydrolysis ot Sultonyl During Dro"nins 

The rate ot sultonyl hydrolysis 11 a direct 

lunction ot the water - auUonic i ntertacial area 

and agitation during drowning will result in 

considerabl e hydrolysia and yield loas . This 

etrect is imreased with an im::rease in tempera ­

ture dur1llg drowning (aee graph). The gentle 

agitation obtained by running the sul tonation 

mess and drowning water ooncurrently into the 

vat is sutticient to carry out the drowning 

and . ashing .peration . Mechanicsl sgitation 

dur1ng drowning should not be used. 

10 
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Page 9. Opera ting Instructions 

Approxima t e f l ow of drowning water 30-40 

gal lons per minute. Temperatur e of overf'low 

wa ter i s n ot to exceed 40°0 or g o below 20°0. 

In th e s t udy of the process as reported by Dr. 

Jacks on , 

Dr . Donald R . Ja ckson, A . B., Ash and K. Aokl, Ma teria l 

Ba la nc e St ud i es of t he Sulf'onyl Process Sta tUB Report 

From the Org anIc Department. Oct. 28, 1949 • 

• 

the following inf or ma t i on Wa s noted~ 

Pa g ina t i on 0-6210 

Sulf' ona t ion mass drowned i n the Or ganic Labor­

atory in water 18-2 0°0. Oil wa s hed i n 3 portio ns 

of' cold wa ter, each 8~ by volume of' the oil • 

• 

• 
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- Percentages 

Laboratory 

Sulton,.l Cbloride 
Dipben,.l Sultone 

Ac1dity aa H2S04 
Water 

Sp. Gr. @ 600 F 

Total 

91.2 
7.0 

0.09 
1.5 

99.8 . 

1.365 

Distillat10n 

sulton,.l Cbloride 
Dipbenyl Sultone 

Charge and weigbt yield data, 

90.5 
7.3 

Benzene 1919 lb •• - Acid 6,000 lb •• 

Laborator;r 
Aliquot 

Cbloro8ulronstlon Mass 
Drown Man (Tecbnical) 2.86 
Pilot Plant (Sulton,.l Content) 
Lab. Sulfon,.l Content 2.61 

Dipbenyl Sultone Content 
Pilot Plant 
Laboratory 

Pilot Plant 

91.5 
6.5 

0.36 
1.3 

99.7 

1.:565 

89.0 
7.4 

Pilot Plant 

7535 
3234 
2960 

210 lb. 
228 lb. 

~ ,.1eld data of sulfonyl ohloride tor run C-6210 

Based on 

Benzene 
Chloro8ultonic Acid 

~ Diphenyl Sulfone, 

Benzene 
Chloro8ultonic acid 

Laboratory 

68.7 
65.4 

8.9 
8.5 

Pilot Plant 

68.6 
65.5 

8.2 
7.8 

Discussion: The y1eld ot 18.6% based on benzene 1s oon­

a1derably higher than the 58.7 trom previous l.e bora tory 

study. 
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FUrther information obtained was that the pagina­

tion sbeet concerning run C-S210 showed that the drowning 

time required Wa. 21.17 hour. while the single redrowning 

required 1.83 hours. Also that the 3234 pound yield wo. 

9 .25 per cent (as based on benzene) over the average 

plant production yield. 

Emulsions may sometimes be broken according to 

John C. Wa re, 

John C. Wore, The Chemistry of the Colloidsl State. 

John Wiley and Sons Inc., New Yor k City, 2nd ed. p. 246, 1936 

by mechanical agitation or pounding; freezing; besting; 

centrIfuging; action or electric current; addit1 0n of sub­

stance. by which the protecting film is removed by chem1cal 

reaction or its effect decreased to a oritical value by 

adsorption. 

Accordi~ to Will1am Clayt on 

Wil11am Clayton, The ThBory of Emulsions and Their Technical 

Treatment, P. Blaklston t s and Sons and Co. , Inc. 

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

Hatschek mentions the theoretical possib1lIty of an emul­

sIon of two liquids baving the .ame density; such an 

emulsion sbould be quite stable. 
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- PRIOR EXPERIENCE 

In the commercial manufacture of benzene 8ulronyl 

chloride at the Pilot Plant of the Wyandotte Chemical Corp­

oration, technic al grade benzene was di rectly ehloro­

sulfonated by chlorosu lfonlc acId &8 indicated In the 

previous discussion. Chloro8ulfonlc acId wss charged 

into 8. glass lined sulfonator end the benzene Was added 

slowly Wi th agitation and close tempera ture control. The 

benzene-chlorosulfonlc acid Bu lfonatlon mass, a dark brown 

heavy liquid, was then drowned into a vat of water where 

the unreected chlorosulfonlc scid WaS spent Bnd the 

benzene Bulfonyl chloride separated 8S 8 heavy emulsion. 

Fresh water W88 supplied continuously to 8 drowning vat 

equipped with cooling calls and carried out the dissolved 

Bcids 1n its overflow. The benzene Bulfonyl chloride 

emulsion layer which sett led to the base of tre vat and was 

withdrawn when the vat became about two-thirds full. The 

lenzene sulronyl chloride layer was then pumped up to a 

settl1ng" tank, settled, and then redrowned tnto the dro ... ,.n­

ing vat. When the nedrowning operation reduced the aCidity 

to O.25~ as sulfuric ac1d, the benzene sulfonyl chloride 

emulsion was again settled and then transferred into a large 

storage tank. After storage the technical grade benzene 

sulfonyl chloride was produced by sgitating the emulsion 

with clay, settling the mixture and then filtering the 

liquid layer. A 99% benzene sulfonyl chloride product was 

produced by distilling the settled emulsion. 
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In the initial drowning operation the incoming 

9ulfonatlon mass stream W88 d1spersed by the entering 

water tlow. No type ot mechanical agitation was used as 

it was believed that agitation would cauae great hydrolysia 

108se8. Nevertheless, the incoming sulfoDatlon mass W8B 

agitated by the boiling action caused by the reaction of 

the acids and the water and by the incoming stream ot water. 

rhe react10n of the chloroBultonic acid and sulfuric scid 

contained in the sulfonatlon mass was exothermic and pro­

duced Hel gas. The gas liberated was removed by an ex­

haust system while the beat was removed by water cooled 
, 

col1s. The cooling was necessary a8 a temperature gre8t~ 

than a certain limit would produce rapid hydrolysis. Tem­

perature oontrol was regulated by the rate of sulfonation 

mass addition, and by the flow of .ater in the cooling 

col1s. Thus t h e drowning rate W88 dependent upon the 

temperature ot the water supply_ A too rapid addition 

of sulfonatl on mass, even when the water was sufficiently 

cold to maintain 8 proper temperature, would cause great 

entrainment losses. 

It was noted that entra1nment losses were always 

present , t he degree of 108s depending upon the rate of 

water overflow and degree of suspens i on of benzene sul-

tonyl chlarlde globules in the wa ste water. W1th an over­

flow rate aa per operating instructions, t he entrainment 

10l ses were reduced, but the time requir ed for drowning 
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ot one batch ot aultonetlon mass was twenty to thirty 

hours. Because of production demands and the boredom 

of the long tedious drowning process 7 the average drown­

ing time was reduced by increasing the rate ot wasb water 

overflow. This 1n turn removed the produced beat faster 

and allowed a more rapid 9ulfonatlon mass additi on while 

maintaining the maximum temperature limit. The entrain­

ment 108 s 8s were thus correspond1ngly inoreased . 

Atter ODe-fourth ot the sulfonatlon mass Was 

drowned into the drowning vat, t h e emulsion was allowed 

to settle tor 20 minutes, and then wes pumped into an 

overhead settling tank. Atter the entire batch W88 

drowned and pumped up to the settllqg tank, the emulsion 

was redrowned into the drown1ng vat. The redrownlng rate 

WBS much taster than the initial drowning rate for, since 

the greater part of the acid wes removed, the redrownlng 

produced ver y little heat and caused no difficulty in 

temperature control. Entrainment losses were also noted 

in the redrownlng process. The avera g e batch required two 

to three redrownlng pperatlons. Average production re­

drowniqg time was ab ou t two hours. Upon reducing the 

acId1ty to the required amount, t he emulsion W88 pumped 

to the sett11rg tank to settle tor two to tour hours be­

tore transferring t o a large storage tank. The time 

required tor the drowning and redrowning varied from 

eIght to twenty hour s for an average il" oduction batch. 
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TWenty-three to thirty hours were required when the water 

overflOi conditions were carefully c ontrolled. 

After removing water from the settled emulsion by 

agitation With clay in e 55 gellon drum, the clay part1clas 

wemallo.ad to settle and the benzene sulfonyl chloride 

liquor was filtered to remove the sus pended impur1ties. 

As performed 1n the p1lot plant, t he process was physically 

objectionable to tbe operator 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 1n an eight hour period the results were exceptlonal. 

On tbe average it required ten to fifteen hours to produce 

600 pounds of product. 

Market demands required the c1ar11'icetion of the 

emulsion and the removal of water was alao necessary to 

prevent hydro1ys1s in sh ipping or when stored in tightly 

closed contoiner.. Hydro1ys1. produced He1 which corroded 

metal containers and cre~ted an internal gas pressure 

which JIBde drum hand11ng and opening hazardous. The 

distil l ed product would be more economically distilled 

by using a charge low in water instead o~ the water r i cb 

emulsion. 
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DISCUSSION OF RELATED LITERAT1JRE AlID PRIOR EXPERIMENCE 

The pub11sbed l1terature concern1ng the prepara­

tion of benzene sulfonyl chloride mentioned the cause 

and etfecte of hydrolys1s . Clarke stated 1n b1s notati one 

that unless the sulfonyl chlorIde WBS removed from water 

a8 800n as possible, the yield would tall and that mois­

ture present durl~ distillation would promote decompo­

s1tion. Wilson felt tbat it was tbe etrects at coll01dal 

droplets of benzene sulfonyl chloride in water tl:Bt ROC &1-

erated hydrolysis. But, as the Saccharinfabrlk patent 

mentioned, phase separation ot the sultans t ion mass by 

tbe addition of water was possible WIthout 10s8 ot yield. 

Tbe Pilot Plant reports emphas1zed the importance 

of proper tElnperature control and ot avoiding mechaniall 

agitat1on, but because of the nature of the chemicals in­

volved, this temperature control would be diff1cult to 

do by simple ba tch drown1ng. 

The a pparent importance of prevent1ng tbe ~dro17-

aia ot benzene sulfonyl chloride when in conta~t with 

water l •• d to the adoption of the drown1ng process without 

the use of mechanical agitat1on. It was believed tt.t 

agitation greatly increased the interfacial area of the 

benzene 8ulfonyl chloride and thus 1ncrea sed the hydrolys18 

1088es. But in the drowning process devised by the pilot 

plant at the Wyamotte Chem1cals Corpcrat1on, it appeared that 
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average production entrainment losses greatly offset any 

sav1ng that might ha ve been brought about by not u.1ng 

mechanical agitation. 

When operated under exacting cond1t1ons, the yield 

ot the pilot plant proce •• compared favorably w1tb tbe 

correspond1ng laboratory y1eld, but the operat1on cycle 

time requ1red was proh1bitive to commerc1el production. 

The y1eld ot the caretully controlled operat1on was 9.25% 

greater than the average atated y1eld wh1cb i nd1cated that 

at l~.t 400 pounds of benzene sulfonyl chloride were loat 

at each batch drowning. The actual avera ge 108 ses were 

probably 600 to aoo pounds per batcb. 

The clarification process tor obta1n1ng the clear 

technical benzene sulfonyl chloride W&8 ent1rely unsatis­

factory and it was apparent that a more suitable means 

muat be deVised to break the benzene - sulfonyl chloride 

emulsion. 

ThB need for improvement of the present p1lot 

plant process of tmDutaoture of benzene sulfonyl chloride 

W88 demanded if' Bny type of commercial produc t1 on, even 

on a sCIl11 scale, was to be attempted . The man-hours ot 

1& bor requ 1red per batcb of benzene sulfonyl chloride "as 

prob1b1tive on tbe basiS of labor c ost per pound of 

fin1shed product. When one considered the equ1pment witb-

drwwn f"rom JD:"oduct10n for the long cycle time required, the 

coat 1n terms of lost production and inefficient utilizat10n 
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- of manpower warranted immediate correction. It was elso 

obvious that prevention of the occurring entrainment 

10lS8S would considerably increase the yield of prodUct. 

Undoubtedly minor improvements and additions to 

the equipment used would tend to increase efficiency of 

the pilot plant process; but 1n arder to enter into com­

mercial productlon l a really economical and efficient 

method would hi. ve to be devised. 
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EQUIPIlENT 

CHAPTER III 

EqUIPMENT AND PROCEDURE 

All eXp'rimental work on phase separation of the 

8ulfonat1 on mass and extraction of Boids trom the benzene 

sulfonyl chloride emulsion was performed using the apparatus 

aa shown in figure 2. During the trials some slight modi­

fioations of tbe apparatus were made a8 desoribed in the 

procedures for the various trials. 

The equipment used tor the experimental trials was 

improvised from p1eces of equ ipment available in tbe labora ­

tory • 

A glas8 stopcock and 10 Mm. gla •• stem were attaohed 

to 8 2 liter pyrex beaker t o serve 8S a storage container 

for the benzene-ch loro8ulfonlc acid Bultena tien mass. 

Another gls ss 2 liter p,-rex beaker had • ahort 

piece of 16 DUn gla 88 tube attacbed to serve 98 an over­

flow exit at about tre midpoint of the side of t h e beaker • 

... piece ot e mm gla 88 tubing was attached on the OPPO­

s1te aide of the besker at a po1nt about 2 inches rrom the 

top to act as the inlet for water. ThiB beaker was used 

8S the drownl~ container. 
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1/2" lead tubing from a carboy pump was coiled 

and placed 1n the drowning container to serve 88 a cooling 

colI . Lead was chosen as a mater1al BO that industrial 

material contact conditions were simulated. An electrio 

ag itator was used 1n tIE drowning container. 

A four-foot. 2.75 inch 0 .0.. gla ss pipe w •• 

fitted with a 16 mm g la •• tub e overflow five inches below 

the top. Number l~rubber stoppers wer e used on each end 

of the tube. 

The delivery tubes to the column was made trom 

16 mm glass tubing and extended 2 .5 feet into the column. 

A piece of 6 mm glass tubing "a. att.ched to the delivery 

tube at the bend to act 8S a release for entra pped gas. 

About four feet of 1/4 inch copper tubing w •• 

col1ed and placed 1n a hot water bath 1n order t o warm 

the water supplied to the column. The water was warmed 

becau.s the tap was seasonally cold and it wss the desire 

to reproduce normal conditions. 

An auxiliary extraction column was made trom 3 teet 

of one inch gla •• pipe . The pipe Was packed with broken 

rasch1g rings. A separatary funnel served 88 a supply 

conta iner to the column. 

Rotometers were u!ed on t he water inlets to con­

trol the flow ot water. 
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The welghlngs were made on 8 toledo Balance 

with a 30 lb limit With 1/100 Ib graduation. 

PROCEDURE 

With a reference to figure 2, the procedure tor 

trial. A, C, D, E and K wss 8S follows: Tbe sulronatlon 

mass was stored 1n calibrated container A. The drowning 

conte.lner B and column C were t'111ed w1 th water batera any 

8ulfonatlon DBSS Was charged. The drown1ng water Bnd the 

8ulfoDatlon mass were ted into the drowning container B 

w1th a gitation rapid enough to prevent the benzene sul­

fonyl chloride trom oet t l1ng . The drowning water rate 

.as adjusted *0 t he rate at which the Bultonatien mBS. 

yaa ted in was controlled by the temperature rise 1n 

t he drowning beaker. Thus 8 constant teed rate was 

established. As the mixture in the drown1ng container 

over-tlowed into the extractIon column C the column 

W8St water W8~ adjus t ed so that negligible entrainment 

resulted. The product was Withdrawn into container F. 

When steady state conditions were apparent, initial 

read1ngs on su ltonstion mess and waah water containers 

Were recorded and the emulsion level in the column was 

brought to 8 definite point. 
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The measurements which wore recorded are thoae 

luted in the data sheets. Spec1f1c granty wa. deter­

mined by a hydrometer. Sulfonatlon mass density was 

determined by weighing a definite .olum. in a 100 cc 

graduated cylinder on a balance. 

Triala A and C were performed using IIIlrbles 88 

pack1ng 1n t he counter current extraction system. A 

measurement was made of ttE Bulfot:ll tiOD mass c barged, tm 
wash overflow, and the collected producted. 

In trials A and C the equipment was assemble d 8S 

in sketch No.2. The wasb water paased directly from 

the beating co11s to the bas. at column C. Tbe packing 

used in column C was 5/8" marbles paoked '0 within 2" of 

the delivery tube. A wad of g1Bss .001 packing was placed 

near the exit of the column to prevent globules or benzene 

sulfonyl chloride from being carr1ed out by attacbed gaB 

rubblea . 

Trial B wa s performed by dropping the Bulf onatlon 

mass into 8 larg e beaker With rapid agItation and then 

alloWing the mixture to settle for 40 minute •• With th1. 

method there was no possibl e overflow 108s; it was es s en­

tially an equ ilibrium batch extraction. The layers were 

decanted and measured. 

In trials D and E the equipment was the same a s in 

trials A and C except that 1/2" raschig rings Were used 

as column pecking, Which extended to about 4" abOve the 
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end of the del i very tube. The agitation in the drowning 

vat W8S regulated 80 that it was just fast enough to keep 

the benzene sulfonyl ch loride from settling 1n the drown­

ing e onts !ner • 

In trial F the drownlqg container B W89 d i sconnected 

trom t he extrac tion column. Water entered the container. 

atter passing througb rotameter H and overflowed 810w17 

through the container exit. The cool1ng co i ls were oper­

ated at the 8ame rate a8 trials D and E. No agitation Was 

used . Tho following were observed for trial P: time of 

run, t em perature , sultona tieD mass charged, overtl"", col­

lected .. and the amount of lost produce in overflow .. 

In trial K tho equipment "8S enlarged by attaching 

the auxiliary extraction column as shown In figure 2, 80 

that the etr ective extract10n column length wa9 increased. 

The procedure dur1ng this trial wa s essentially the S8me 

as 1n trials D Bnd E except that the emulsion layer from 

the column C was continuous l y transferred by beaker to 

container M. The valve in oontainer M was so regulated 

that it permitted tbe same rate of flow as the flow ot 

the product t ra m the bottom from column c. 

In trial K-K the apparatus used is desoribed in 

figure 3. The container was first tilled with water and 

then a water jet delivered the wash water so that the mass 

entering the container \l'a s dispersed as In the pilot plsnt . 
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metbod. At 1ntervals of time dur1ng dur1ng tbe run, 

temperatures were observed 1n the various zones dur1ng 

the drowning operatIon. Tbe following measurements were 

also taken: Volume or 8ulfonatlon mass charged, Weight 

of overflow water, volume or emulsion rema1n1ng in drowning 

vet. 

The tItration procedure was 8S fol10wa: A 5 ml 

sample ot the emulsion, withdrawn wIth 8 pipette, WaS 

mixed W1tb 50 ml of carbontetracblor1de and 25 ml of 

water. Four drops of methyl orange were uaed as indi­

cator. An approximately 1/10 normal NaOR solut10n was 

slowly t1trated 1nto tbe ag1tated mixture unt11 an end 

point wsa reaohed that persisted tor 3 minutes or more. 

The apparatus used during experimental work on 

tbe break1ng of tbe benzene-sulfonyl cbloride emuls10n 

wss a batoh centrituge ot the Internat10nal Equipment 

Company, 81ze 1, Type SB; a 500 ml glass bottle attacbed 

to 8 manometer and 8 laboratory aspirator. 

In tbe clar1ficat1on tr1als by centrifug1ng, 50cc 

aamplsa ot ,he emuls10n were placed in glass containers 1n 

the centrifuge. The emulsion being centrifuged were 

cbecked for clar1ty at intervals of time. Tbe clar1fi­

cat10n t1me and acidity were recorded tor samples of 

vary1ng acidity. 
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In the clarification trlalsbby low prss8ure,low 

temperature distillation ot water, 25 cc ot emullion Were 

pipet ted into a clean, dry, 500 ml g lass bottle and the ~es­

sure WBS reduced by means ot a water aspirator. Trials 

were run wIth and without agitation. The time and vacuum 

needed tor clar1fy1ng the emulsion was recorded. The 

clarlrled~«mulslons were withdrawn and the volume measured 

again w1th the pipette. 

In the clarification trials using. continuous 

process, comumn R (fig . 2) was evacuated by means or a small 

laboratory type water aspirator attached by means of 8 pres­

sure bose to the outlet at top of column. After the system 

W88 evacuated and dry, the benzene sulfonyl chloride emul­

Sion was fed into the column trom container M. The con­

dition ot the l1qu1d wa s observed as 1t settled on the bot­

tom ot the column. 



CHAPTER IV 

DATA AND OBSERVAT IONS 

• 
TRIAL A DATA 

Performed April 6, 1950. Sulf'onatlon mess used 

was manufactured November 9, 1949, Wyandotte Research 

pag1nation number C-6361-B-l. The 8ulf'onatlon maS8 was 

charged into the drowning vat until steady cond1t10ns 

were rea c hed. A mark was nsde near the base ot the 

extraction column and the sulfonyl collected was with­

drawn to this mark. The drowning container agitation 

was rapid. 

Recorded ReadingS: 

In1t1al Steady Sta to End of Run 

Rotameter H 35 35 35 

Rotometer J 30 30 30 

Tempe rS ture in 
drowning beaker 35 35 35 

Sulfonatlon mBSS 
scale reading 7.9 6.5 2.6 

Volume emuls10n collected duriqg steady state 345 co 

Wash water collected during steady state cond1tions 10.11 lb. 

5/8" marbles .tacked to 2" below feed p01nt 1n oolumn C 

were used 88 packing. 

Dens1ty of sulfODatlon mass 1.55 gm/oc 
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TRIAL B DATA 

Performed April 6, 1950. The sultonatl on mass 

used was the 8ame as 1n trial A. 

In this trial the sulfom t10n naas W88 drowned 

into a known aIllount of water 1n a large beaker While beIng 

agitated by a motor driven agitator . No cooling coils 

were used. The purpose of this trial W88 to determine 

wbat amount of sulfonyl would be produced by equilibrium 

bo tc h dro 'IIIling • 

Water placed In beaker 

Mass charged 

Sulfonyl layer oollected 

Acidity of sulfonyl 

5.64 lb. 

300 co 

145 cc 

0.2 'f, 

Temperature d1d not rise over 350 during drownl~. 

Atter addition of sulfonatlon mass the agitation wss stopped 

aM the mixture was allowed to settle for 40 minutes,. Tte 

water layer remained turbid. It was noted that after 

long st8nd~ the wash -water sample saved separated into 

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

Performed Apr11 6, 1950. The eulfonat1on ma •• 

used was the same as i n tr i al A. T1me was recorded after 

system reached steady state conditions. 5/a" marbles were 

used 8. p80kl~ in column C. 

Recorded Read1~': 

Time 1n minutes 

Rotometer H 

Rotameter J 

Tempera ture 1n drowning 
beaker 

Sultonatlon mass Bcaler 
reading 

o 
35 

30 

35 

7.2 

6:05 

35 

30 

35 

Benzene 8ulfonyl chloride emulSion collected during 
.tead1 state conditions 

Waste water collected during .tead1 stat. 
conditions 

ACid1t1 0.24.% a. sulfuriC acid 

ll.89 l b s 



TRIAL D DATA 

Performed APril 11, 1950. Sulfona ti on lIB ss 

pagination No. C-6364-A .sed waa manuraotured at Wyandotte 

Chemicals. 1/2" rascblg rings were used a s column packing 
. 

Which extended to about 4" above the end of the delivery 

tube. The agitation in the drowning vat wss just tast 

enough to keep any benzene Bultonyl chloride trom settllzg 

1n the drowning container. 

Recorded Readings 

TillB 1n Minutes 0 5 5:30 

Rotameter H 50 50 50 

Rotometer J 13 l~ 13 

Temperature in 
drowning beaker i5c 100 35 35 

Sultana t ion * sa 
Scale Reading 9 . 9 7.25 6.9 

Volume emulsion collected during steady state 

Wash water colleoted during steady state 
conditions 

Temperature ot wBsh water collected 

System reacbed steady state conditions after 
5 minutes 

Acidity or the emulsion 

Denaity ot 8ulfonatlon mass 

13,30 

50 

13 

35 

1.65 

443 oc 

0.76~ 

1.55 gm/oo 
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TRIAL E DATA 

Performed April ll, 1950. The .ame .ul!onation 

masa was used as 1n trial B. 1/2" raschlg rings were 

used as column packing wbicb extend to about 4ft above the 

end of the delivery tube. The agitation was just fut 

enough to prevent the emulsion trom settl1ng. 

Recorded Readings: 

T1me 1n Minutes 

Rotometer H 

Rotomster J 

Temperature in drwwn1ng 
beaker °c 

Sultonetlon mess scale 
reading 

Recordl:q; time interval 

o 
26 

30 

7.9 

3 

27 

31 

35 

5.9 

11.25 

27 

31 

30 

1.5 

3 to 11:25 minute. 

Volume emulsion collected during steady state 
conditions 345 cc 

Wash water collected during steady state 
cond1t1on. 12.38 lbs 

Wasb water temperature 30
0

0 

Emuls10n aoid1 ty 0.06:( 

Spec1f10 Grav1ty of emuls10n 1.36 

Denaity of eulfonat1on ma.. 1.55 gm/oo 

System reacbed steady state conditions atter 3 minutes 

Ao1d1ty of emuls10n 8.06:( as sulfur1c ac1d. 
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TRIAL F DATA 

Performed April 11, 1960. The 8ulfonation mass 

used was the same 9S 1n trial E. 

This trial waa performed 1n a manner which was simi­

lar to t he method used in the Wyandotte Pilot Plant. Th~ 

wes done to obtain some type of com~r18on to the methods 

used 80 thBt efficiencies could be compared. 

The dra.nl~ container B wss disc onnected trom the 

extraction column. Water entered the container after 

passing through rotometer H and overflowed slowly through 

the container exit. The cooling col1s were operated at 

the S8me rate as 1n trials D and E. No agitation was used. 

Recorded Readings: 

Time in Minutes 0 2:30 

Rotometer H 30 30 

Tempera ture 17 20 

I4a 8. Resding 5.65 5.1 

Overflow collected 

Sulfonyl 1n overflow 

Acidity of sulfonyl in drowning c ontainer very high 

8 

30 

'.65 

2.80 lb. 

15 cc 

The entire c ontents of t he drowning container when mixed 

With the entire overflow snd weighed wss 4.0 lb.. The 

total sulfonyl layer then decanted was 74 co or approximately 

0.22 lb •• 



TRIAL J DATA 

Carlt1catlon by batch centr11'ugl~. Performed 

April 12, 1950. 50 cc sample. "ere paced ln graduated 

ga •• container. ln the centrlfuge. The speed or the 

centrlfuge corresponded to 8 rheostat settlng ot 11. The 

conditions or the emulsions were observed at intervals. 

Samples trom trial A, C, D, and E were centrifUged. 

Sample A 

Sample C 

Sample D 

Sample E 

(acldlty of 0,~3% as sulfurl0 acld) 

Atter ODe hour no effect on the emulaion 

(Acldlty of 0.24% .s sulfurlc .old) 

Atter one hour the samples were still cloudy 

although a sllght change 1n emulslon denslty 

was observed..! The amulalon appeared more 

dense 1n the upper zone. 

(acldlty of 0.7% as sulfurl0 aoid) 

After one hour absolutely no shlftlng of the 

emulsion layer occurred. 

(acldity of 0.06% a. sulfurl0 acld) 

Atter three minutes tbe sample was only very 

sl1ghtly cloudy. 

Atter 6 minutes ot centrifuging the sample was 

clear with no visible water dispersion. 



TRIAL K DATA 

Performed AprIl 15, 1950. The sulronatlon mass 

U8ed was freshly prepared on the same day by Wyandotte 

Pilot Plant. The second packed column R was put 1n series 

WIth column C to obtain 8 greater washing effect. The emul­

sIon trom column C was transferred to container M by means 

of • beaker. The flow of the emulsion from container 14 

was about the 88me as the tlow of emulsion from column C. 

The eulfonatlon mass Which was charged was weighed prior 

to beginning of the trial. 

Recorded Readlqss: 

RecordIng interval, minutes 

Rotameter H 

Rotometer J 

Temperature In drOifnlng beaker °c 

o 
23 

20 

35 

Sulfonatlon mass charged durIng tria l interval 

Benzene sulfonyl ehlor1de recovered during trial 
interval 

52 

23 

20 

35 

13.13 lbs. 

5.79 lbs 

Steady state cond1tIons were reacbed before zero time record1Ig 

Acidity of emullion 0.7% as sulfUr~c acid 

Specific gravity of emulsion 1.36 
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TRIAL KX DATA 

The pilot plan t method wa s .imulo ted in this 

trial using the same sulf'onatlon mass 88 used In trial K. 

The drownl~ container was disconnected trom the sy.tem 

and connected .s indicated in sketch #3. A water jet de­

livered the water uBed 80 tbat the DR8S enterIng the con­

tainer wsa dIspersed as In the pilot plant method. Dur-

ing the operation of the tris l four definite zone. were 

noted in the container (these zones were also present In 

the pilot pls nt opera tion). The upper overflow1ng zone 

W8S a clear WQste lIquid wblcb c ontained 8 tew droplets 

ot eenzene sulfonyl chloride, this was designated on the 

sketch as zone A. A second zone, zone B, W88 composed ot 

a turbid 11qu1d probably conta1n1ng f1ne dropleta of 

sultODyl. The third zone, interfaoial zone 0, was tbe con­

tact zone between the 8ultonyl emulsIon phase and the water­

aoid solution phase. Signs of reactIon we86 noted at the 

interface; this wss due, undoubtedly, to the high acidity 

ot the sulfonyl layer. 

Recorded Reading.: 

Date April 17, 1960 

Rotameter reading 30 

}(ase charged 1.01 lbs. 

Overtlow collected 6.94 lb8. 

Sulfonyl 1n overflow 25 co or 0.075 lbs 

Sulfonyl in drown1ng container 120 cc or .360 lbs 
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Total 8ulfonyl obtained 145 cc or .435 lb. 

Acidity of sulfonyl in drowning conts1ner 

3.28:( as ~S04 

Sulfonyl collected less 3:( acid ; 0.35 lba . 

The following temperatures were recorded: 

Interval Zone A 
Recorded oC Zone B Zone C 

1 - 2 min. 22 27 37 .5 

3 - 4 min. 28.5 30.5 3B 

7 - 8 min. 26 26.5 38 

15-16 min. 30 30 38 

Totsl tr1s1 time 17:25 minutes. 

Zone D 

--

The definite difference 1n the drowning container 

demonstrated what the investigators bad suspected . The 

thermocouple bulb s. placed in the pilot plant drowning 

vat would not give 8 true maximum temperature read1ng 

1f it were not at the layer i nterfa ce. Thus since the 

c ontenta were not agitated, the tempera ture of certain 

zones must have at times greatly exceeded the allowable 

temperature limit and thus caused hydroly sis 108888. 

Slnce some globules were carried to the water surface by 

gas bubbles, it was imp08sible to prevent the 108s of 

product With the waste water. 
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CONTAINER B AS DETACHED F ROM APPARATUS IN PIG 2 

KEY: 

A CLEAR ZONE SOME PhS 02C l FLOATING ON SURPACE 

B CLOUDY ZONE PhS02Cl DI S PERSED IN WATER 

C .INTERPACIAL ZONE . BOILING ACTI ON TOOK PLACE 

WITH HC l GAS BUBBLES CARRYING OFF PhS02Cl 

D EMULS I ON ZONE . WATER APPEARBD TO BE DISPERSED 

IN CONTINUOUS Ph 3 0 2C l PHASE . 

~
----

REFINING OF PhS02Cl 
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CHEMICAL ANALYSIS DATA 

The following s.mples were submitted to the Pilot 

Plant laboratory for analysis, 

Sample No. Descript10n 

1 Sultonatlon mass, C-6364-A, used 1n 
TrIals D, E, snd F 

2 Sultonstlon mass, C-7392, used in 
'frials K and K-K 

3 Emulsion obtained from Trio1 D 

4 Emulsion obtained f r om Trial E 

5 ElDulelon obtained from Trial K 

Chemical Ana lY8i8 reported l>!8y 10, 1950 

Sample No. 'f, phS02C1 'f, Free Acid 
as H2SO4 

Water 
'f, 

phS02Ph 
'f, 

1 39.1 53.9 

2 40.7 54.' 

3 83.8 0.60 1.70 7.1'1 

4- 81.0 1.16 4.00 7.13 

5 85.2 1.3 

11 



TRIAL L DATA 

Clarification by batch centrifuging. The .ame 

procedure W88 used 8S 1n trial J . A portion of the 

emulsion layer from tr1sl K waB rewashed twice bef'ore 

centrifug1ng. The aCid1ty was negligible as 1ndicated by 

methyl orange. Atter rewashing the ssmple was settled 

for one bour before centrifuging. 20 miDutes of centri­

fuging at rheostat Betting of 11 were required to clarify 

the emulsion. After settling tor 36 hours only 8 Minutes 

were requ1red to clarify the emulsion. 

TRIAL 111-1 DATA 

• 

Clarl.flcetlon by low temperature vacuum batch 

di.tillat1on. P~ormed April 19, 1950. Rewashed 

emulsion from trial K WSB used 1n this run. Acidity 

.as negligible as indicated by methyl~range. 25 cc of 

emulsion at 25°C were measured with 8 p1pette and placed 

into a dry 500 co bottle. The pressure W88 reduced to 

about 15 mm tor 20 minutes betor~ the emulsion beced 

clear. The liquid was withdrawn and measured in a 

pipette. No slgn1flcant 108s8s Were observed. 
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TRIAL 101-2 DATIl 

Clarification by low temperature vacuum batch 

d10tllla t10n. Performed Apr1l 19, 1950. The same 01IIU1-

sion and procedure were used as in trial 14-1 except the 

rap1d ag1tat10n wa. supp11ed by shak1ng the bottle. Tem­

perature ot emulsion wss 25°C. 5 minutes were required to 

clarify the solution. No significant 10ss&s were observed. 

TRIAL 101-3 DATA 

Clarification by low temperature vacuum batch 

d1.t111ot10n. Performed Apr11 19, 1950. Same procedure 

was used 88 in trisl X-I except that rapId agitation was 

supp11ed. ~ter1el u.ed was t he amuls10n from tr1.1 K. 

At the end of 3-1/2 m1nutes the 11qu1d .... s cle.r. 

TRIAL 101-4 DATA 

Clarlf1oatlon by continuous low temperature 

d1st1lls t10n. The column R .... s pocked w1th broken r8.ch1g 

rings. The system was dried and evacuated. The pressure 

W88 maintained at 15 DIm throughout the run. The emulsion 

was introduced at a slow rate. Tempereture ot teed was 

300C. The liquid was clear 8S it accumulated in the 

bottom of the column. No weights were recorded. 
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Cl!-~PTER V 

CALCULATIONS 

CALCULATIONS FOR TRIAL K 

Weight .ul1'o"" tlon mass charged: 

Welght PllS02Cl coUected: 

Per cent yield based on 8ulfonatlon 
mass charged: 

l~:H x 100 • 4.4.1:1 

Wash water used 

Weight of wBste water 

13 .13 lb. 

5.79 lb. 

57.96 l b. 

We1ght of w. st. aclds • 13.13 - 5.79: 7.3. 

We1ght of wash water .57.96 - 7.34 ; 50.62 

Ratio of .ash water and 8ulfomt1on mass cl:Brged 

50.62 _ 
13.13 - 3.B5 l b. H20/lb. sulfon.tion mas. 

CALCULATI ONS I N TRIAL K-K 

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

read1ngs from s ulfonatlon mass container by the use or 

converslon graph (flgure .). 
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.. eight Sul.fOIlll t10n lIB •• charged 

F.R. - 3.8 = 1210 cc -
I.H. = 5.7 = 915 cc 

Not charge 295 cc 

Weight : 295 x 1.55 
453.6 • 1.01 lb • 

Weight PhS02Cl collected 

Volume or emulsion 

We1ght emulsion ' 

: 145 cc 

1'5 x 1.36 = 
453.6 .4.35 1bs 

Welgbt emulsion discounting entrainment 

losses = 120 x 1.36 • 
453.6 0.36 l b . 

Weight acid in emulsion' 0.36 x .0328 = .012 

Net "ei2tl t of emulsion (discounting entrain­
ment and aCidity) • 

.36 - .01 = 0.35 l b. 

Per cent yield based on 8ulronatlon mass charged 

100 x 0.435: 43~ 
1.01 

Water used; 

Weight waste water = 6.94 Ibs 

Wssto acid = 1.01 - ."4 : 0.57 

Net "ater = 6.94 - 0.57 = 6.37 

Water used per Ib ault'onatl on mass charg ed; 

6.37. 6 . 31 1bs/1b r.or 
Acidity: volume NoOH = 8.25 

Titrat10n ractor .077 

~ acid = 8.25 x 0.077 x 5: 3.17~ 



CONSTRUCTION CF DUIIRING LINES 

The vapor pressure data tor benzene Bulfonyl 

chloride according to Hans T. Clark 

100. cit. p 6-8 

w.s 15 =/118- 120° and 10 mm/113-11So. The vapor pres sures 

given are tor the benzene sulfonyl chloride Bnd 41phenyl 

.ultone mixture as recovered trom the sulfonatlon mass. 

The following values were used 1n the conatruc­

tion ot: the Duhring Lines in t:igure 5. 

Benzene Su1t:0nz1 Chloride 

Temp. °c 

2'6 
118-120 
113-115 
148-152 

Vapor Preasure 
mmHg 

760 
16 
10 
40 

100 
17.6 
11.2 
34 .2 

Water 

Vapor Pres Str e 
mmHg 

760 
15 
10 
'0 

The following vapor pressure relations were 

extrapolated trom the Duhring Line., 

Temp. °c Vapor Pressure Vapor Pressure 
PhS02C1 mmHg H2O mmHg 

30 0.1 31.8 
40 0.28 55.3 
50 0.54 92.6 
60 0.85 149 . ' 
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'- Vapor pressure rat10s oorrespondlqg to the 

approx imate ratios of components (water vapor and 

benzene sulfonyl chloride vapor) in the va por phase 

.S8 oalculated tor the following temperatures! 

Temp. °c Ratio E20 to PhS02Cl 

318 
198 
175 
172 

An approximation ot the loases incurred during 

vacuum distillation of tho emulsion at 30°C was made 88 

follow. : 

Ba8i. 3000 lb. 

approximate water contained 1n emuls10n 1.5% 

weight water 1n emulsion .5 lb_ 

mole water per mol benzene sulfonyl 
ohlor ide leaving 1n vapor dur1q; 
distillation 300 

lb. aulfonyl/lb water in vapor 

1 x 176.6 
300 x 19 

lb. sulfonyl lost 

= .0326 

45 x .0326 = 1.5 Ib 



- CI!APTER VI. 

STATEMENT AND DISCUSSI ON OF RESULTS 

The results of tre data were presented in the 

following table.: 

Table I, Calculated Result. of the ElcP<l' i mental 

Trials 

Table II, Calculated Material Ba lanoe Based on 

Chemical Assa,. 

Table I I I, Results of Clarificati on Trial. 

so 
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TABLE I. CALCULATED RESULTS OF THE EXPERIMENTAL TRIALS 

Rato of 
Sul!. Pb802Cl f. yio1d Lbe water Acidity Trial drowning 
me .. emulsions Water based on per lb of time lbe Bult. 
charged collectod used 8ult. mass suIt. mass PhS02Cl in me .. 

Trial lb •• lb •. lb •• cha.rged charged f. H:aS04 min. per min. 

A 2.106 1.033 9.04 49.2 4.3 0.42 
B 1.024 0.'36 6.64 42.6 5.6 0.2 
C 2.63 1.26 10.62 49.8 '.21 0.24 

D 2.97 1.33 9.78 44.8 3.29 0.76 8,30 0.35 
E 2.34 1.03 11.07 44 4.73 0.06 8:25 0.279 
F 0.647 0.222* 3.67 40.6" 6.7 8:00 0.069 

0.169_ 30.9_ 

K 13.13 5.79 60.62 4Ll 3.86 0.07 52 0.253 
K-K 1.01 0.435* 6.37 43 * 6.31 3.28 17:25 0.058 

0.35 _ 34.7** 

Plt. 
Plant 7235 32M 42.9 0.36 
C-6210 

IIOTES. * Baled on total recovery measured. 
** Based on recovery of process 

~ 
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TABLE II. CALCUIA TED MATERIAL BALANCE BASED ON CBEMICAL ASSAY 

PbSO Cl in PbSO Cl 
A.aar of: Sulf~ Ma •• A.aar of: Obta~ned 
Sulf. Accordi~ Emulsion Emulsion According 
14888 to Aa.ar Collected Obtained To Assay % Yield 

Trial % PbSO:lCl l b . lb •. %PhS02Cl lb. Obtained 

D 39.1 1.18 1.33 83.8 l.ll 95.7 

E 3g.1 0.915 1.03 81.0 0 . 835 91.2 

K to .7 5.35 5.79 85.2 4.9;S 85.1 

~ 



TABLE III. RESULTS OF CLARIFICATION TRIALS 

Clarification by centrifuging and diatillation. A constant speed w •• uaed on 

.11 centrifuging trials. 

Semple % Acidity % water Centrlfugill'; time Diet ills tion tirns 

A o .4~ 1 hour no effect 

C 0.24 1 hour alight erreot 

D 0.7 1.7 1 hour no efree t 

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 c lear after 

801utlon aettled fo r 
36 hour. bator e 
centrituging 

K 3.5 min. very clear 

) 

b, 
to 



- DISCUSSI ON OF RESULTS 

Consideration of the figures 1n the Statements of 

Results 88 exact quantatlve measurement and comparison 

values was not warranted, because many ot the assumptions 

made could well be questioned. But J it W89 permissible 

to use them for basing comparison on ao indicative bas18 

a8 the results were fairly cons istent. 

The yield of the experimm.tal trials compared 

ravorably with the results based upon P1lot Plant l1tera­

ture, ind1cat1ng that it careful, long-per1od control was 

maintained, the entrainment losses were at 8 minimum snd 

thus the result1ng yields were approximately the same. 

Since the yields or trial. A and C exceeded 

tr1al B; D and E exceeded F; and K exceeded X-X, it was 

interred that hydrolysis 10sse8 were definitely not 

greater When agitation was performed 1n limited amounts 

of water durirg phase separation. The results even indi­

cated that hydrolysis losses may have been repressed. 

The high zone temperatures noted in I-K may hove 

increased bydrolysis losses 8S the total yield of K-K WBS 

les8 than K. 

Tri_1a sbowing a greater production rate indicated 

a greeter yield. 

S4 



- More erflcient use of water W8S exhibited by 

the obtaining or lONer acid values while using a lower 

water ratIo. 

Higher yields becsuse of les8 entrainment 1088 

was indicated where a packed column snd smaller volumes 

of water were used. 

Material bala nces based on chemical analysis 

did not i.a:lioate eny obvious discrepancies. The differ­

ence. in acidity value. a. determined during the trial 

and by the Pilot Plant laboratory indicated that bydroly­

sla took place upon standing 88 the samples stood for 

quite a period of time before analysis by tbe Pilot 

Plant. 

Criticsl examination of the results made the 

following disclosures. 

It was assumed that the welgbt of Hel removed 

through the fume ejector was neglIgible In c omparison to 

the weights recorded, thus, the we1ght of HOI lost W88 

a s sumed negligible in the material balances. 

The laboratory equipment was operated until 

steady state condi tiona were apparent and then the 

material balance factors were observed and recorded. It 

was possible the t e slight excess of waten aId emulsion 

yield may have been collected in trials A and C aod pOSSi­

bly in D .nd E. 
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- The sulf'oll8tl on masse s used in all trials except 

K were not freshly prex:ared so an sBe rector may he. ve pro­

duced misleading figures 88 compared to results using 

fresh sulfonatioD DJ3. SB. 

Error may have been introduced due to measurement 

errors 8S the volumetric meaBurementa were converted to 

weight values by multiplying by the specific gravity and 

deneity conversion factors. The 8mBli amounts measured 

In some instances may mve increased the possible experi­

mental error. Slide rule calculations were used tor all 

calculations 8S it wss assumed that the accuracy of the 

measurements did not warrant more exacting computations. 

The water source temperatures were not recarded 

ncr waa any attempt made to keep a specific temperature; 

it was believed tho t this could not introduce any signi­

ficant error. 

The calculations based upon ohemica1 analysis 

could not be relied upon too strongly as each 8ssay 

did not total 100 per cent. Also the obemical analys8s 

were performed 8 long time atter the particular samples 

were obta loed 

Alth ough direct comparison of experimental and 

recorded results can not be app11ed too r1gidly 8S the 

sulfonat1on mass ot each reaction operation undoubtedly 

varied in analys1s, it was assumed that this var1ation 



- was not attrflcient to prevent indieat1ve comparison. Also, 

although the simulated Pilot Plsnt comperhon triale, 

P and K-K, undoubtedly did not repr.oduce the exact pilot 

Plsnt conditions (becauae of the difference in the sizes 

ot the apparatus used) indIcat1ve comparison was stIll 

assumed appl1cilble. 

During the centrifuging trials the degree of 

clarity W88 determined by visual inspection. A solution 

ws s cons idered acceptable whEKl transparent and wben no 

turbidity was observed. 

The interpretations of the distillation data 

may be 1n error because the volumes of emulsions used 

during distills tiOD trials were small and the data 

calculated from Duhrlng 11nss involved approximations 

end extrapolatIons. 

S7 



CHAPTER VII 

SUMMARY OF CONCLUSIONS 

The results of the experimental trIals and 

knowledge obtained througb related literature and prior 

experience made it possible to .tate til> following 

conclue! ODS as being plausible. 

In regard to mechanical agitation and its in­

fluence upon hydrolysis In the current betch end pro­

posed industrial refinement processes, the following 

reterences Were drawn: 

The boiling aotion produced In the drowning 

water by the reaction of the unused chlorosulfonlc and 

sulf'urlc sclds i n the batch process my have been 

suffioient to produce as much hydrolysis 10 •••• til> t 

produced by mechanical agjiatlon In the proposed process. 

The comparatively large vo lumes of water used 

in the batch process aOO the subsequent hydrolysis 10&8 

may have been more thaD enough to offset any hydrolysis 

10s8 increase due to mechanical agitation. 

The amall amount of water am large amount or 

acid present during the phase seperationmay have 

suppressed hydrolys i s as under these c onditions the sul­

furic acid (about 500 Be) had the grea tor .ftini ty tor •• ter. 
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The comparatively sasller amount of' water us ed 

to wash out the acid and its more efficient utilization 

1n the continuous extraction system tended to reduce 

hydrolysis loeses. 

The poor temperatur e control am localized bea t­

ing 8S was exhibited by the batch process encouraged 

hydrolysis while the rapid ond efficient cool1~ duo to 

mechanical agitation 1n the proposed process prevented 

any higher tempera ture hydrolysis losses. 

Since the proposed process was much mar e rapid, 

the hydrolysis 10Bses 1n the batch process were greater 

88 the contact time between water and benzene sulfonyl 

chloride was grester. 

Concerning the entrainment losses of benzene 

sulfonyl chloride it can bo safoly interred that due 

to smaller volumes of wash water overflow 1n the proposed 

process the t the entrainment losses were les8 t~n in the 

batch process. 

Also the entra1nment losses were less 1n the 

proposed process 8S the pack1ng served to coagulate and 

"w1pe-out" the entra lned globules of chlor1de. 
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Involving the clarification of the benzene 

aulronyl chloride-water emulsioD, the bulk of the 

turbidity producing water appeared to be removable 

by centrifuging. 

Residual amounts of water (and even large amounts) 

were easily removable by low temperature vacuum distills ­

tion. This clsr1ticetlon process apt:eered much more 

satisfactory in all respects as compa red to the clay­

treating and filtering process. 

As com~red to the batch proceas, it appeared 

that the continuous process, when applied in industry, 

would mean 8 great saving in labor man bours; introduce 

more pleasant and less boring conditions; reduce the 

"human element" problems; r educe the requirements for 

rigid control and constant observation. 



- CHAPTER VIII 

RECOMMENDATIONS 

The recommendation W88 lJBde tDi t tmmethod 

of refining benzene sulfonyl chloride from benzene­

chlorosulfonlc acid 8ulfonatlon mass be changed to t he 

method 8S indicated by the eng1neering flow sheet 

(figure S) after further investigatI on substantiates 

the conclusions of th1s report. 

It was elso recommended that further investi­

gation be mode to determ i ne the type Bnd design of the 

pbsse- a8piratlng - coollng unit ; the best water-sulf'ona-

tlon mass drowning ratio; the type and design or extraction 

column; thetype of plckl~ most sui table; bes t extraction 

rates; the type of centr1fuge and cen trifuging factors; 

and the type of distillation appa r atus and distillation 

factors. 

It wa s advised that in order to substantiate 

the conclusions of our report, t he equlpjent be en­

larged to pilot plant scale, and the sulfonstion mass 

used be freshly preperud. 
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