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Tht. results of the solubility of Resin B in alkanes were w e d  to 
calculate the values of p against temperature (Figure 10). Again 
Bat plot> were obtained, bu t  no regular changes of the 01 and 8 
values (Table 11 were found. 

TARLE I. RESIX B IX SOLVENTS 
' p  a 5 B ' T ,  

J c )  1 Y P n 1 a B 
Decane 
Tetradecane 
Octadecane 
507a decane-20% toluenc 
,0% decane-30$o toluene 
607, decane-40% toluene 
50Yc decane-50°0 toluene 

0.90  
0 . 7 0  
0.89 
0.602 
0.652 
0 . 8 i  
1.54  

i 9 0  
780 
910 
600 
60@ 
640 
800 

The treatment oi Florj- ( 1  j predicts the type of solubilit) showt 
in Figure 11, where the numbers of the curves refer t o  the num- 
ber of segments in the polymer. This maximum resin concentra- 
tion is espccted t o  fall at progressively lower resin concentration 
with increase in molecular weight and t o  occur at l;(l + & '  
where x is the degree of polymerization. The  author has found 
maxima occurring a t  much higher resin concentrations than pre- 
dicted by this treatment. The maxima for the same resin may 
vary tvith the  solvent, occurring a t  progressively higher conren- 
tration n. lwtter wlvents arr IIPCCI. 

kPPLIChTIOS 

This work was initiared to measure the sulubility of \-:mow 
samples of polystyrene in hydrocarbon solvents to serve as a model 
for resin-plasticizer systems. The work has shown the type of 
solubility relationships tha t  niay be encountered in such S ~ P -  

t.enis and how solubility diagrams change with better So~verlTs 
It has been suggested ( 6 )  tha t  better physical properties ai'< 

often obtained in plasticized systems where the resin is not too wrl, 
dissolved. 
tend t o  lose plasticizer by exudation, estraction, or volatilizni 
These studies suggest that systems mny exist in which ph;w 
separation may occur a t  high resin concentration in both phase: 
Such systems would nor, be expected to  lose plasticizer rea 
Khether  such systems are possible with nonvolatik plastir 
ritmains t o  be seen. 

I n  many instances, such systrnis are umtablc 
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Alkanesulfonic Acids as Catalysts 
J 

in Polvmerization and Alkvlation 
Standard Oil Company ( lndiana) ,  F'hiting. l n d  

'l'he alhariesulfoiiic. acids, containing one to four car- 
bon atoms. haw been studied as catalysts for the poly-- 
merization of olefins and the alkylation of aromatics. 
.illi?-lation ordinaril5- proceeds in preference to polymeriza- 
tion w - h e n  conditions are favorable to both. In general. 
these acids are effective catalysts at temperatures above 
approximately- 60' C. Below- this temperature the sulfonic 
acids react w-ith normal olefins to form stable secondary 
esters. and data are presented indicating that such ester 
formation is an intermediate in both polymerization and 
alli\lation. The alkanesulfonic acids appear to be par- 
ticularlJ- suitable as catal? sts for the stud) of pol?-meriza- 
tion and alky-lation because side reactions such a9 h>-clrn- 
gen transfer and oxidation are eseentiallr ahsent. 

Lk;\SESL'LYOS IC' acid: contairiing one tu  foul carbon A atoms have recently become available. anti some general 
informatioil 3s to  the scope of their utility ha.3 been published 
(,6j. Included in the reactiom previously reported was some 
work on the behavior of these acids as catalysts in pol>-merization 
and alkylation. This work has recently been considerably ex- 
tended, a n d  the ohject of thi? report is to present the results ob- 
tained. 

Technical grade? of methanesulionic, ethanesulfonie. and 
mixed alkanesulfoniv acids, now being produced on a pilot plant 
scale, were emplo>.ed in this $1-orlc. :is wrll as methane- and 
ethanesulfonic acids n.hich had bcen purified by distillation under 
reduced pressure. The technical grades of the sulfonic acids, 
typicall)-, contained 2 t o  5% of water and 3% of sulfuric acid. 
The exact composition of  the mixed alkanesulfonic acids is un- 

iwtain,  but the chief C V t l l P C ~ ~ l t ' l l t h  xrc, uiethaiie-. ethsnc-, ai111 thr  
rtvo isomeric propanc- acirli. with an average molecular \\right 
equal t o  the ethane- acid. Inasmilch a s  the mixed acid RX. the 
moat readily available, and a . ~  early studies ( 5 )  had sliowi~ it,? 
behavior t o  be similar t o  t h i t  of the individual acid*. mas( oi 
the work was carried OUT xvith niistd acid. The preseiice I I ~ '  smnli 
amounts of sulfuric acid 5s an impurity in the technical grader 
of alkanesulfonic acids appearh t o  have no  appreciahlt, tlffrra 
<In their characterixic behavior. cwept that  ir i  some caw< 1 ~ ' I I W  

%of  sulfonated materials are formed. 
ilkanesulfonic acids 31'e r:ithrr mild c:ttalysts for poll I I ~ I ~ I ~ I L ~ ~  

rion of olefins and for the slk,vlntiun of aromatics. I ~ I I I I ( ~ I  The 
conditions tried, they are not  sufficiently strong c:~t: i l~ - I *  t , '  
+lffcc*t the alkylation ,of t,i.rtiary paraffins with olefix-. ' r h e  
witure of the reaction of I J l d i l l S  i i i  the presence of thrsi, :ji,id$, 
d o n e  and in misturef wt ,h  aromatic compounds, deprnd. i ipon 
the conditions e m p I o > d .  ThiJ olefins investigated inidildf> niost 
of  the lower olefins up tL) penteiie and a few of higher n~ol t . tdar  
weight, and were sufficientlJ. wried to  indicate tha t  r ~ ~ p w - t ~ n t a -  
tive behavior was being s t u d i d .  Of those studied, e th j  I i A r i t L  was< 
unreactive with alkanesulfonic: xcids; under the c o ~ i ~ l i t i o ~ i ~  
used, it could not hi. polvmerizeci nr made to  alkylatc~ : i i r i i n , i t i r  

compounds. 
w r m  FOI{U ~ T I O U  

I n  general, the primary reaction of the olefins with iultoni, 
scids is addition t o  form esters, and a t  ordinary temperatures 
these esters are stable. .It higher temperatures the e,stew arc 
unstable in the presence of free acid, and polymerization iil'c!ira 

unless an  aromatic is present. in irhich case a1kvl:rtion take. I > ~ : > C F  

preferentially. 
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Figure 1. 1-Pentene Polymer 

Thca only two unsaturated hydrorarhons stutlird th:it do not 
form esters with alkanesulfonic acids are ethylene and acctylene. 
Ethylene does not react with anhydrous methane- or ethanesul- 
fonic acid a t  room temperature under pressures up to 40 pounds 
per square inrh or a t  temperatures up to  110" C. at  one ntmoy- 
phere. Under these conditions ethylene does not alkylate aro- 
matic hydrocarbons or phenol. Ethylene ma>- prove to  be more 
reactive in the presence of alkanesulfonic acid at elevated tem- 
perature under superatmospheric pressures; these conditions 
have not yet been investigated. 

hcet!.lene does not  react with alkanesulfonic acids under 
atniospheric pressure over a temperature range of 20" to  
110' C. and does not alkylate benzene under these conditionj. 

Othcr primary and secondary olefins will form sulfonic estcrs. 
which a t  more elevated temperatures can be made to undergo 
reactions of polynierization and alkylation. Consequently, it 
seems likely tha t  ester formation with the sulfonic acid catalyst 
is the necessary and primary step in both polymerization nnd 
alkylation, regardless of the  mechanism of the subsequent course 
of the reactions. I n  the case of tertiary olefins, such as isobutene, 
a stable ester does not form a t  room temperature or above, poly- 
merization or alkylation occurring instead. 

The  esters, formed according t o  Markon-nikou's rule, are 
stable only \?-hen pure and free of acid. Under conditions of 
formation from olefins, they are reasonably stable only in the 
temperature range 0-60' C., the stability depending somewhat 
on the olefin concerned. Ester formation proceeds according to  
the reaction 

R 
I 

1i302OH + RCH=CH, + RS020-CH-CH~j 

The  esters, vhen  free of unreacted sulfonic acid, can be dis- 
tilled under reduced pressure without decomposition. The  
results of the reaction of various alkanesulfonic acids on different 
types of olefins are summarized in Table I. Experimental condi- 
tions and techniques are illustrated by the following preparation 
of ester from liquid olefin; preparation from a gaseous olefin 
was previously described ( 5 ) .  

Ten milliliters 
(0.07 mole) of pure 2-octene were placed in a graduated cylinder 
with 10 ml. (0.11 mole) of 96% mised alkanesulfonic acid. The  
inimiscible mixture was shaken for a few minutes and allowed t o  
separate. Several hours of 
further reaction, with shaking at 15-minute intervals, increased 
this to 18 ml. ou t  of 19.3 ml. total volume. When the mixture 
was allowed to  stand overnight, the volume of the acid phase de- 
creased to 15 ml. 2-Octene polymerizes slowly, therefore, even at 
room temperature. In a separate esperiment the acid phase ob- 
tained after 4-hour reaction was poured on ice, and about 15 ml. 
of crude ester were recovered. 

FORMATION OF ESTER FROM LIQUID OLEFIKS. 

The acid phase increased to 13 nd .  
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Vacvcx DISTILLATIOS OF A L K Y L  -ALKASESL-LFOSIC ESTERS. 
Crude isoproprlethanesulfonate (100 grams, 0.66 mole j ,  pie- 
pared in the manner described (6), was chilled to  0-5' C., and 25 
ml. of ice water were added. The  mixture was shaken and set- 
tled, and the acid phase was withdrawn at once. Chilled aqueous 
10% ammonia (25 nil. was added to the oil phase, the misture 
was shaken and settled, and the aqueous phase was removed froni 
the estef layer. The ester was dried hy percolation through ,5 
grams or activated granular clay and stored over 2 grams of finely 
pondered calcium oxide. A distillation flask was charged with 
the dry ester, and the flask was slowly heated under reduced pres- 
sure. The ester distilled a t  62" C. under 1.7 nim. pressure. The  
product was a water-white distillate, stable on storage as long as 
water was kept out. In folloiving this procedure, care mujt  be 
taken to avoid distilling too large a batch at, once, as traces of acid 
in the charge may cause autocatalytic decomposition and result 
in a sudden violent surge of polymer formation. Isopropyl mixed 
alkanesulfonates and unsym-sec-amylethanesulfonate have also 
been vacuum-distilled. 

POLY>lERlZATION 

Two methods of polymerizing olefins in the presence of alkane- 
sulfonic acids have been studied: (1) formation of the alkane- 
sulfonic esters as described above and subsequent heating to a 
temperature in the range 60-120" C. in the presence of free acid, 
and (2) passage of the olefin under atmospheric pressure into acid 
maintained a t  a temperature high enough to  cause polymerizn- 
tion without appreciable ester formation. 

In  the first method a relatively long induction period (10 to 
60 minutes) occurs, followed by a rapid rate of polymerization. 
Once started, the reaction is complete in a few minutes :lnd is 
:iccompunied by  a sharp rise in temperature of 30-80" C. -1 
possible explanation for the  observed induction period is tha t ,  
as the  ester breaks down, the catalysis is accelerated by the 
increase in the  concentration of the  sulfonic acid. In  the case 
of isopropyl alkanesulfonates, however, i t  was noted tha t  thv 
induction period could not be eliminated by increasing thc 
free acid coriterit of the mixture up  to  40% of the total. 

In  the second method the temperature required to  cause 
polymerization varies with the olefin used. Isobutene poly- 
merizes rapidly at room temperature, whereas 1-butene and other 
primary and secondary olefins require a temperature of 60- 
120 C. t o  react readily. 

Broadly, two types of polymers are produced by sulfonic acid 
polymerization. One, which we have termed "homogencous," 
consists of a series of well defined multiples of the monomer 
(dimer, trimer, tetramer, etc.). The  other, or "heterogeneous" 
typr ,  consists of compounds so diverse tha t  few or no recognizable 
plateaus are obtained on fractional distillation. The  homo- 

TABLI: I. ESTERIFXCATIOS OF OLEFISS 11-ITH .ALKASESULFOSI(: 
ACIDS 

Prcs- Sulfonic 
sure, Acid, Temp.,  Picl-lh 

l 'ech- Lh./Sq. 70 
nicluc Olefin In. Gage Strength O C. % 

Propylene 
Propylene 
Propylene 
Propylene 
Propylene 
Propylene 
?-Butene 
2-Butene 
Isobutene 
Isobutene 
Iaobutene 
1-Pentene 
1-Penrene 
1-Pentene 
2-Octene 
2-Pentene 
Diisohutene 
1-n-Hexadocene 
Allvl chloride 

4 3Ie"tllallyl 
ohloride 

40 
40 

n 
0 

40 
40 
15 
15 
0 
0 
0 
0 
0 

10 

96 mixed 
100 methane 
96 mixed 
91 mixed 

100 e thane  
93 mixed 

100 methane 
96 mixed 
9 1  mixed 
96 mixed 

100 e thane  
96 mixed 

100 methane 
91 n-butane 
96 ethane 
96 mixed 
96 mixed 
91 mixed 
96 mixed 

30 
30 
30 
30 

30-40 
30-40 

30  
30 
30 
30 - 15 
25 
10 

30 
30  
30 
30 
30 

100'2 
100 9% 

Only polyiuer  
Only polymer 

\-one 
60-80% 

90'7, 
90% 

50-65% 

20-30 ,o 
S o n e  
Trace 

go"., 

0 96 mixed 30 Trace 

a Technique: 

h Based on sulfonic acid. 

(1) Parr shaker glass bomb, (2)  stirred three-necked flask 
reactor,  (3) shaken by  hand in flask,under dry  ice reflux, (4) acid and  olefin 
shaken by  hand in a graduated  cylinder. 
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geneous polymers may contain a number of isomers in each series, 
bu t  the polymers of a given molecular weight are well defined. 
The two classes are illustrated in Figures 1. 2, anti 3. The first 
two show the homogeneous polymers formed from I-penkne 
and from diisobutene, and the t,hird shows the heterogeneous 
polymer formed from 2-butene. 

Many of the homogeneous polymers appear to  be unusually 
pure. Tetraisobutene from the dimerization of diisobutene has 
a very narrow boiling range and behaves chemically as an un- 
usually pure CIa polybutene, in contrast with po1j:butene of 
equivalent molecular m i g h t  made with aluminum chloride as 
catalyst, for example. 

Heterogeneous polymers are obtained from propylene and 
a-butenes. The  polymers from propylene are composed of un- 
saturated hydrocarbons ranging from about C, to  above Cl0. 
The plateaus, on distillation through an efficient column packed 
with wire gauze are poorly defined and numerous, and indication 
that compounds of all carbon numbers in that range (C:, Ca, Cg, 
etc.)  are present, as  well as various degrees of branching. S o  
hydrogen-transfer reaction appears to  occur, since the polymers 
obtained are essentially 100% olefinic, and no appreciable quan- 
tity of the highly unsaturated oil typical with other catalysts 
can be isolated from the acid phase on dilution with water. 
Table I1 indicates the type of products obtained from various 
olcfins. 

The  alkanesulfonic acids 
have been useful catalysts for the study of the po1ymerizat)ion of 
isobutene and diisobutene because conditions may easily be set 
so tha t  essentially no polymer above the tetramer is formed, 
and no side reactions take place. Diisobutene (2,4,4-trimethy1- 
pentene) was treated x i th  alkanesulfonic acid a t  various tem- 
peratures and with various contact times. The  composition of 
the products obtained under the different conditions is shown in 
Table 111. 

The data show tha t  longer reaction times or higher tempera- 
tures give predominantly trimer, moderate amounts of tetramer, 
and small amounts of unchanged dimer. Shorter reaction times, 
more dilute acid, or lower temperatures lead almost entirely to  
tetramer and unchanged dimer. Table I1 and other data (1 )  
indicate tha t  the direct polymerization of isobutene yields chiefly 
trimer. 

The preceding data indicate that the course of the reaction of 
isobutene in simple polymerization, under conditions where 
isomerization of the carbon skeleton does not occur, is as  follows: 

POLY~fERIZATION OF DIISOBUTEKE. 

+ 

\Vhen isobutene is passed into the catalyst, reaction V predomi- 
nates because i t  is much faster than 111. Starting with diiso- 

I COUDlTlOYS 

BATH AT 68’C. 
TIME : 15.0 MINUTES 
CATALYST.99.i ETHANESULFONC 

ACID 

I I I I 1 
I O  20 30 40 50 60 70  80 90 D O  

PER CENT DISTILLED 

Figure 2. Diisobutene Polymer 

T.4RLE 11. POLYXERIZATIOX O F  OLEFINS 

Method 70 Strength Olefin C. ,O Polyr~ier Type 
Ester  hiethane. 100 Propylene 100 7 0  Heteroscneoue 
Ester l i e thane ,  100 Progylene 100 7 3  IIetcrogeneous 
Ester  Aletliane, 100 Propylene 93 50 Iicterogeneous 
Hot ar id  l l i y e d ,  97 Progylpne 9.5-100 100 Fietrrogeneous 
Hot acid Mixed,  !I7 !&Butene 100 100 Ilcteroaeneoua 
Ester  AIethane. 100 2-Hutcne 60-!10 100 IIetcrogeneous 
Hot  acid l l i xod ,  96 lsobiitene 100 100 IIoinopeneous 
Ester  l I i xed ,  96 I -Pentene 100 43 fIomoreneous 

Eulfonie .Acid, Tcinp.. Yid,d”, 

4 Based on  total absorbed olefin. 

TABLE 111. POLYMERIZATIOS OF DIISOBUTEXE 

Product  Composition, Val, 7’ Acid, Temp., Time,  ~ 

Sulfonic 

% Strength“ ’ C. Hr. Dimer T r ~ i G r  Tctrainer II<,aviw 
95 mixed 30 2 . 0  95 , . , Traces 
91 mixcd 60-70 2 . 5  31.9 1 .1  65.9 
95 miscd 100 1 . 2 5  27 1 1  513 
95 misi,d 60-70 1 0 . 0  25 . . ,  70 
99 ethane 100 0 . 2 5  11 56 29 5 
99 ethane 100 2 . 0  12 48 31 6 
99 ethane 66 0 . 2 5  11 13 76 < 2  
a A m o u n t  used equals  17 wt. %. 

butene, the only reaction which can occur a t  a rapid rate is 111, 
because no isobutene is present initially and the depolymeriza- 
tion reaction I1 is much slower. Since the tetramer docs not 
polymerize further, it point is finally reached where the rates of 
reactions 111 and I V  become equal. Then the slow reaction 
I1 and the fast reaction V become controlling, and the equilibrium 
shifts, with increasing reaction time, in favor of trimer :is the 
niajor and most stable polymer. 

The ultimate result of a prolonged reaction time is illustrated 
in Figure I, which s h o w  the distillation curve for “equilibrium” 
isobutene polymer. ildditional reaction time changed the 
composition of the “equilibrium” polymer orily slightly. Rr- 

PER CENT DISTILLED 

Figure 3. 2-Butene Polymer 
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CONDITIONS 
BATH TEMPERATURE 100.C. 
TIME. 15.0 MINUTES 
CATALYST.99 5 

ETHANESULFONIC ACID 
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Figure 4. “Equilibrium” Diisobutene Polymer 
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t,he olefin either as a gas stream or as 
TABLE If-. XLKYLATIOS OF AROMATICS WITH OLEFINS liquid feed. The  second met'hod is to 

heat, the alkyl alkanesulfonate, prepared 
from the olefin and the alkanesulfonic 

Olefin, Moles Moles 7c Strength C. In .  Gage Product  Composition, 'i acid at  a lower tempcrature, with t,he 
l'ropylenea. 1.06 Benzene, 3.F Nixed ,  96 100 0 benzene* 24 cLinlene, A aromatic to be alkylated; above 60" C. 
Proj>ylmeh, 1.35 Benzene, 1.12 LIethane, 100 65-75 40 20 benzene, 46 cumene, 28 the ester breaks down and alkylation 

proceeds; a t  100-120" C. the rate of  
I'roltyltmeh, 3.9 Benzene. 2.93 Uethane ,  100 5 0 - 5 3  4" " O , m , " m , e ; ~ ~ , l ~ i s ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~  alkylation is quite rapid. By eithw 

method an upper limit of the reaction 
temperature of about 1.50' c. is advisable l'iol,yieneC, 3.0 Benzene, 2.91 Nixed ,  07 80-100 

, 1.5 Toliiene, 5..5 IIixrd.  nfi 100 0 63 toluene, 3 2  ciiincnes, 5 The scope of the alkylation reaction in- 
2.0 Benzene, 0.58 .\Iethane, 100 80-100 1: 1 \ 1 i ~ t ~ ~ ~ ~  of polymer and alkyl- eludes only aroniatics (benzene, phenol, 

etc.) and olefins, to yield alkyl aromatics. 
Alkanesulfonic acids have not yet been 
used successfully as catalysts for the 
alkylation of isopentane. Table IT- gives 
data on a number of typical alkylations. 

The alkanesulfonic acids are particu- 
larly suitable as catalysts nhere di- or 

Diiso- Triiso- Tetraiso- trisubstituted benzenes are the desired 
Temp..  Propylene, Benzene, propyl- propyl- propyl- end products. The  introduction of a 

fourth alkyl group does not appear to ;\lethod O C. Mole RIole Benzene Cunienc benzenes benzenes benzenes 

take place, even if the ratio of olefin to  Est er 80-1 10  1 .0 3.0 0 .79  0.18 t o .  03+ 0 
Ester 1 . o  0 .93  0 .29  0.1i i  0 . 2 1  0 033 0 
E;bter T: E: benzene is quite high, provided a (approx.) 1 .0 0 . 2 8  0 .03  0 . 2 0  0 . 4 3  0 . 2 3  0 

l lo t  acid 100 1 . 0  <0.Sil O.O%i 0.10 0 .37  0.37 0 .13  p r o p e r t e m p e r a t u r e  i s  s e l e c t e d .  At 
moderate temperatures (about 75' C. )  
good yields of triisopropylbenze~ies can 
be obtained and no tetraisopropylben- 
zene is observed, although it has been 

lractive indices on trimer cuts suggest that thc usud  t l i i w  groups reported ij-ith sonic other acid catalysts. The latter should be 
IJf trimer isomers are present ( 6 ) ,  two boiling a t  177-179" and detectable in amounts greater than 2% (2). At higher tempera- 
one a t  183-185" C. Considerable information as to  thr catalytic ture. (110-123' c.), hoLvever, tetraisopropylbenzene is formed. 
redistribution of isobutene polymers has already been published, The material has I)een identified as the 1,2,4,5 derivative by its 
hut the polymer of greatest stability has not been preriously in- melting point of 116-117" c.. after recrystallization from alcohol, 
ilicated (3 ,  6). compwed with the literature value of 118" C. (4). Attempts to 

POLYhlERIZhTION OF 2 - ~ ~ ~ ~ ~ ~ ,  ~ ~ ~ ~ ~ d i ~ ~ ~  [lie form the picrate have failed, a saturated alcoholic solution 
lnethod, vacuum-distilled (100%) methanesulfonic ncitl (12 yielding only individual crystals of the hydrocarbon and pic.ric 
grams, 0.12 mole) was placed in a glass Parr bomb arid shnkrn Table T'shows the effect of the propy- 
\\.it11 2-hutene a t  1.5 pounds per square inch gage. dfter 11 min- lene-~,enzeIle on the of the alkylate, 
utea the acid had gained 7 grams in weight. Serefa1 b:itclies of 
c'rutle sec-butylniethanesulfonate, prepared in y, ~ ~ e r c ,  The monoalkylation of toluene with propylene  as also studied 

.ifter a short iriductioii period a temperature rise d and 2- sorption spectroscopy: \-ihich showed i t  to  consist of 44% p- 
I)uteiie polymer separated as a white oil. cymmc :ind 56% of 0- pliis m-cymene. 

I t  According to the hot acid method, a 1-liter three-neelied flask 
with ground joints was fitted n i th  a glass stirrer, gas-inlclt tubc, 
tliernionietcr, and condenser, l l ised '36y0 alliailesulforlic acid appears, hoxever, that the tendency for polyalkylation diminishes 
(250 grams) was pu t  in the flask and stirred so as to throw R spray as the olefin increases in molecular weight. This is sk1on.n hy 
against ita upper walls. The temperature vas  raised to 100" C. esperimeIit3 in lT.hicth 1 mole of propylene treated TJ.ith 3.6 

id a rapid stream of 2-butene was introduced. Rapid pol>-nieri- 
Ition a polymer layer formed. ~~~~~~~~l cooling of toluenr yielded 6.4 times as much monoalkylated product 

polymer was separated, washed with m t e r ,  dried over sodium SUI- octene anti 3.14 moles of toluene the ratio of mono- to polyalkyl- 
fa te ,  and vacuum-distilled. atedprodurt  WIS more than 48 to  1. 

Pres- 
sum,  

Aromatic, Sulfonic Acid, Temp. ,  Lh./Sq. 

polyalliylated benzenes 

diirovropylbenzene, 6 t r i -  
isopropylbenzene 

zene, 31 triisopropjlbenzene 
21 benzene, 35 cuniene, 35 di- 

isopropylbenzene, g heal-ier 
0 

I'rol,>-leneC, 5.1 Tolucne, 1.9 I le thane ,  100 101-130 0 7 2  triisoI~roPSitoluenc, 28 l~ecause of decomposition of the acids, 
loxer boiline 

polsisogropsltoluenes 

benzenes 
Crudc octenrab, Toluene, 1.1 hl ised,  06 100-104 0 48  mono-octyltoluene. 52 un- 

reacted toluene and ortcnes 
Diisobutenre,  1 Toliienc, 2 Methane, 100 I16 0 60V0 tert-hutyltohirne, 16  

0.7 

heavier and  22 unrear~ted 
a L t e r  niethod. 5 t i lais shaker bomb appara tus .  C Stirrcii fla,k w-irli hot  acid. 

TABLE I-. CO~IPOSITIOS OF ~ L K Y L . A T E  

Prodiict, Mole I'raction 

I' Uncertain because some benzene was lost b y  vapor rarry-over with rcjected propanc. 

acid at  room temperature. 

i*ollit>jlled a flask, jvhicll 11-a~ tllen immersed i \vater. briefly. The cymene formed was analyzed by ultraviolt4 ah- 

.hi extended stud>- of higher olefins has not been mnde. 

\vas used to hold the temperature in the rallge 100-120" C. Tllc. as pol?akylated product, T-ihereas in the reaction Of 1 nlok of 

ALKYLATION OF .iRO>lATICS 

Alkylation of aroniatics proceeds over the same tempcr:ttuw 
i'ange as polymerization. Only the most active olefins (iso- 
Iiutene j will alkylate a t  an appreciable rate at  room temperature. 
In general, alkylation occurs in the temperature range in Jvhich 
the ester is thermally unstable. Once the proper conditions 
for alkylation are established, it will proceed in preference to  
polymerization in almost all cases. A previous report, (5j gave 
.ome early data on alkylation Tyith isobutene, and more recent 
work has shon-n tha t  the alkylation reaction extends to all simple 
olefins above eth>-lene. 

Two methods are available for alkylating aromatics with 
;tlkanesulfonic acids. The first is to  stir the aromatic rigorously 
in a three-necked flask or other suitable reactor in thc prcsence of 
i.atalytic amounts of alkanesulfonic acid a t  80-120 O 

.UkyI:itio~~s with iiobutene and isobutcnc polymers contx,:r.;t 
K i th  alkylations using other olefins. The depolymrrization id- 
rcndy nicntionetl occurs .rr-hen an attempt i. made to  alkg1:ite 
toluenc, n.i t h ei t h c ~  diisobut m e  or t etraiosbutene ; the products 
arr ter~f-l~iityltolurri(~ plus wmc triisobutene. Cleavage of tlw 
diisobuteiic has lwcn reported for other acid-condensing cat- 
alysts ( 1  i. Similarly, the alkylation of toluene with isobutene 
results in a product consisting of triisobutene and fer.f-huty1- 
toluene. This alkylation is the only one observed in which 
polymerization is a successful competitor with alkylation under 
conditions favorablc for both. 

When phenol is treated with diisobutene or tetraisobutenr: i r i  

the presence of allianesulfonic acids, octylphenol is obtained. 
The depolymerization of the tetraisobutene needs only to pro- 
ceed as far as the dimer in order to  yield an olefin sufficiently 
active to  react, with phenol (6). 



October 1949 I N D U S T R I A L A N D E N G I N E E R I N G C H E.M I S T R Y 2221 

QYKTHESIR O F  ISOPROPYLBESZESE. By the ester iiiethod iS0- 
proI)yliuethniiesulfonate (1.06 moles), berizeiie (3.6 moles), and 
metlianesulfonic acid (0.5 mole) were heated to 80" C. After an  
induction period of 10 minut sudden reaction occurred, and 
the mixture sepnrated abrupt to txvo phases. The tenipera- 
ture was held a t  80-100" C. 11 additional 20 miiiutes, after 

By tlie hot acid method mixed '3770 :ill<nnesulfonic acid (19 
grmis,  0.45 mole) nnd 223 grnnis (2.9 moles) of C.P. benzene were 
placed in a tIii~i~c~-~iecl;cd flw!i provided \\-it11 a gas inlet tube, reflus 
condenser! and stirrer. The contenti: ~ w r e  stirred so :IS to spriiy 
the flask n-all? anci lvere heated t o  70" C .  Propylene vas then 
passed in at a iiioderate rate. 
for 4 hours, mid the alkylatiori 
3 hours at 75-100" C'. The p 
coliolic potassiuni liyilroside, 
position \vas 21 yo benzene, 3 
!17c heavier. 

CONCLUSIOSS 

The alkaiie>ulioiiic acids of 1on.c~ n~oli~cular weight :ir 
catalysts for t lie polynierisratiou of uleliiih :ind the all;, 

is. Specific tlicrninl coiiditioiis appl?- tn e:ich 
Ester forination betn-eeii tlie catalyst acid 

s a t  0-60" C ' ,  and :ill<yl:itioli or po1yiiici~iz:i- 
tioii a t  60-1Xs C'. 

Polyiiierimlion 1 ~ 1  sonic rJlr.fins, iuch a- i-obuteiie :uirl 1-pen- 
tcxne, yields protliicts contairiin all multiples of the  nioiio~iier 
tlirouph tetr:irner: other olefins, uch :is 2-huteiie anti propyleiie, 
vield polyiiiers lrliich are ninw 1 tc~rogcnc~ous in nature. 111 geii- 

eral, the type of polymer appears to depend to some extent u p x i  
the molecular weight of the inoiionier. 

These olefins that  form alkanesulfonic esters undergo polyiiicri- 
zatiou (xntl alkylatiotl) only a t  teniperat,ures at which the esters 
become thermally unstable. This fact, and the tibsence of either 
alkylation or polymerization with olefins which do not  form eaters, 
suggests that  ester fornintion rnny be the primary step in both 
alkylation and polymerization. The al1i:~uesulfoiiic acids m- 
particularly suitable for use as catalysts in  polymerizatioii alii1 
alkylation because such side reactions as hydrogen transfc,i,. S U I -  
fonation, and coniplex fornintion are esieiit,ially absent. 
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Adsorption of Fatty Acids 
from Solvents 

DUOLITE A-2 ANION EXCHANGE RESIN 

DAVID A. ROBINSON 
Stanford Cnicersity, Stanford, Culif. 

G. F. JIILLS 
Chemical Process Company, Redwood City ,  Calif. 

'rhe adsorption on Duolite A-2, anion exchange resin, 
of a homologous series of carbox>-lic straigh t-chain acids 
from acetone, water, and Shell solvent is reported. The 
adsorption increases in the order given. The bearing of 
these results on various theories of the adsorption of acids 

iY T-IETT- oi tlie 1-arious opinions ( 2 ,  .$, 7 )  as to  the mechanism I of acid adsorption on anion exchange rei.ins. the invcstig:itioii 
of these adPorbi'nts was erteritied to solvc~nts other thnn n-ater. 
Such :in invehtig:ition also mi?- open :idtlition:il fields of nppli- 
cation for thew interesting adsorl)ents. Enrlier ~ o r k  it1 this 
field by XJ-ers (6) usiiig Ahnl)erlite IR-4 anion eschmge resin 
indicated th:it some water TI-as rrquii,ed for effective adaorption 
of the fatty acids from solvents such :is benzenc. .'Iniherlitc 
IR-lB dries t o  hard gl:i~sy solid which appnreritl?- is lt~rgely im- 
pervious to  solvents such as benzene and  thus presents little active 
surface for acid adsorption when conipletcly d q .  Duolitc -1-2; 
on the other hand, remains relatively porous 011 drJ-ing and it has 
long heen knoivn th:it with this resin no n-ater is necessary for the 

by resinous anion exchange materials is indicated. Some 
qualitative and semiquanti tative results for the adsorp- 
tion of a variety of acids from hydrocarbon solution on 
the same adsorbent are given, with a few suggestions f o r  
practical application and reports of such applications. 

adsorption of fatty acids from nonaqueous solvents. h i  t i ik  
study attention is directed to  the straight-chain carbosylic acids. 
For comparative purposes the adsorption of carhos!-lic acids froin 
aqueous media also is shown. The adsorption of these acids 
froin iioii:iqueous media may be either grcs:tter or smaller thnii the  
:idsni~pt ion of the eo1 pontling acids from 1r:Lter. 

EXPEKI3IESTA L 

~I ITCKIIL~ . .  Tlw rc9sin choscin for this study wits Iholitc. -1-2. 
manufactured by tlie C'licmicnl Process Coinp:iny. Tho Duolitc 
A resins diffrr f rom t other coinmcreid anion exchange resins 
in that they remain ively porous on drj-ing and thus presmt a 
much larger active, sui,face than do rwins ivhich shrink grcntly i n  


