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NOTE

Sulfonic Acid Catalysts Prepared by Radiation-Induced
Graft Polymerization

Ion-exchange resin (IER) beads containing a sulfonic
acid (SO;H) group are used as catalysts for hydrolysis of
methyl acetate (1) and synthesis of methyl tertiary butyl
ether (MTBE) (2). These reactions can be accelerated
by combination with distillation of the product, which
is known as reactive distillation. At present, a packing
material assembled by elaborately entrapping the ion-ex-
change beads is loaded into a reactive distillation column
(3); however, more efficient reactive distillation demands
a simple packing material suitable for vapor-liquid con-
tact in the column.

We have so far suggested a simple introduction of the
SO,H group onto various forms of a trunk polymer, such
as a hollow fiber, tube, nonwoven fabric and film, by
applying radiation-induced graft polymerization (RIGP)
(4). Moreover, the SO;H group anchored to the grafted
polymer chains showed a higher hydrolytic activity for
sucrose, compared to the SO;H group introduced into
the polystyrene chain cross-linked with divinylbenzene
(DVB), because of the absence of steric hindrance (5).

In this study, we prepared two variations of graft-type
acid catalyst with different adjacent groups by RIGP, and
compared the hydrolytic activity of the resultant acid cata-
lysts for methyl acetate with that of commercially avail-
able SO;H-type ion-exchange beads with different de-
grees of cross-linking.

The sulfonic acid (SO;H) group was introduced onto a
polyethylene (PE) microporous hollow fiber by two
schemes, as illustrated in Fig. 1. Scheme (A) shows co-
grafting of originally SO;H-group-containing vinyl mono-
mer (sodium p-styrenesulfonate, CH,=CHCH,SO,
Na, SSS) with  2-hydroxyethyl methacrylate
(CH,~CCH,COOCH,CH,0H, HEMA) onto the irradi-
ated PE matrix (6), and scheme (B) shows grafting of
epoxide-group-containing vinyl monomer (glycidyl meth-
acrylate, CH,=CCH,;COOCH,CHOCH,, GMA) onto the
PE matrix with subsequent ring-opening of the epoxide
with sodium sulfite (Na,SO,, SS) and water addition to
the remaining epoxide (7). These two resultant acid cata-
lysts will be referred to as SSSYHEMA-T and GMA-SS-
T fibers, respectively, where T denotes tubularity. The
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thickness of the SSS/HEMA-T and GMA-SS-T fibers was
about 1.2 mm in a wet state. The polymer chains grafted
onto the PE matrix contain two and three moieties, re-
spectively: SO;H and alcoholic hydroxyl (monool) groups
for the SSS/HEMA-T fiber, and SO;H, monool, and adja-
cent alcoholic hydroxyl (diol) groups for the GMA-SS-T
fiber. The total density of these moieties was calculated
from the weight gain after chemical modifications; the
SO;H group density was determined by measuring the
salt-splitting capacity. Here, we define a mole fraction of
the SO,H group in the grafted polymer chain as
mole fraction = [SO;H}Y([SO;H] + [monool])
for the SSS/HEMA-T fiber,
[SO;HJ/([SO;H] + [monool} + 2[diol})
for the GMA-SS-T fiber,

mole fraction =

where [SO;H], [monool], and [diol] denote the number of
moles of the SO;H, monool, and diol groups, respectively.

The mole fraction of the SO;H group of the SSS/
HEMA-T fiber ranged from 0.20 to 0.59 upon cografting
of SSS with HEMA. The GMA-SS-T fiber had a mole
fraction ranging from 0.07 to 0.35 upon varying the con-
version of the epoxide group into the SO;H group with
different degrees of GMA grafting.

The hydrolytic activity for methyl acetate of the SSS/
HEMA-T and GMA-SS-T fibers was determined in a
batch mode. Experimental apparatus and procedures are
detailed in our previous paper (5). Briefly, a prescribed
amount of about 5-mm-long cut hollow fibers was im-
mersed in 100 g of 3 mol/kg methyl acetate aqueous solu-
tion, in which the molar ratio of the SO;H group to the
initial methyl acetate was set t0 0.01. The reaction temper-
ature ranged from 313 to 328 K. Kinetic data in a batch
mode, i.e., the decrease in concentration of methyl ace-
tate in a finite volume as a function of reaction time, could
be analyzed to obtain an apparent reaction rate constant,
k. For comparison, the following SO;H-group-containing
beads with different degrees of cross-linking, from Rohm
and Haas Co., were used for determination of the hy-
drolytic activity of methyl acetate: Amberlite IR-120B
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FIG. 1. Two variations of the introduction of SO;H group into poly-
ethylene microporous hollow fiber: (A) SSS/HEMA-T fiber and (B)
GMA/SS-T fiber.

A . :
';:2.0' 1
3

£ 00 5 0 38k

a

>

2 AA

= A—7— 323K

> 10F 1
x O g—0- 318K

£ —O-O——C— 313K

0 . N .
0 0.2 0.4 0.6 0.8 1
Mole fraction of SO,H group

NOTE

(DVB 8%), Amberlite IR-124 (DVB 12%), and Amberlyst
15 (DVB 20%). Figures 2A and 2B show the apparent
reaction rate constant as a function of the SO,H group
mole fraction of the SSS/THEMA-T and GMA/SS-T fibers,
respectively. The difference in the hydrolytic activity
between the SSS/HEMA-T and GMA-SS-T fibers is
ascribed to the acidity: the benzene ring attracts electrons
more strongly than methylene. In this study, &, was con-
stant irrespective of the density of adjacent groups such
as monool and diol groups.

The Arrhenius plot, i.e., logarithm of k, vs reciprocal
of the reaction temperature, is shown in Fig. 3. The activa-
tion energy of 73 kJ/mol calculated from this figure was
almost consistent with the value of 72 kJ/mol (8) deter-
mined in a homogeneous system, i.e., sulfuric acid. Con-
sistency of the activation energy of the hydrolysis of
methyl acetate among graft-type acid catalysts and cross-
linked acid catalysts shows that the overall reaction is
governed by the intrinsic catalytic reaction, not by the
diffusion of methyl acetate into the hollow fibers and
beads. Also, the pulverized fiber was found to exhibit
the same result. Ion-exchange beads exhibited a lower
activity with an increasing degree of cross-linking while
maintaining the same activation energy. This is because
the density of the SO;H group which was accessed by
methyl acetate was reduced by cross-linking of the poly-
styrene chains.

In conclusion, sulfonic acid catalysts prepared by radia-
tion-induced graft polymerization of sodium p-styrenesul-
fonate with subsequent conversion to the H form had
almost the same hydrolytic activity for methyl acetate
as the SO,H-type bead with the lowest degree of cross-
linking. A new packing material for reactive distillation
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FIG. 2. Apparent reaction rate constant vs mole fraction of the SO:H group: (A) SSS/HEMA-T fiber and (B) GMA/SS-T fiber.
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Dependence of reaction rate constant on reaction temper-

can be designed because the RIGP is applicable to various
physical shapes of the trunk polymer.
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