Polymer Bulletin 3, 279-284 (1980)

Polymer Bulletin

© by Springer-Verlag 1980

Suspension Crosslinking of Polystyrene
with Friedel-Crafts Catalysts

F. P. Regas and C. J. Papadoyannis

Laboratory of Organic Chemical Technology, Department of Chemical Engineering,
National Technical University of Athens, 42, 28th QOctobriou Street, Athens, Greece

Sunmary

A new experimental technique was developed for the production
of crosslinked polystyrene (PS) particles in a suspension cross-
linking reaction. The suspending medium being used was silicone
0il saturated by 1,2-dichloroethane (DCE),without any suspension
stabilizer. Antimony pentachloride, 1,4-dimethyl-2,5-dichloro-
methyl benzene and DCE were used as a catalyst, crosslinking
agent, and polystyrene solvent, respectively. The products were
colorless transparent spherical particles of a very high purity
and they could be produced in short reaction times.

Introduction

Polymerization and crosslinking of PS by divinylbenzene (DVB) is
a common technique for the production of polymer gels suitable
for chromatographic analysis and/or for lon-exchange resins upon
appropriate chemical modification.

For the purpose of achieving PS gels of superior purity, homo-
genelty, thermal and chemical resistance and uniform pore size
distribution considerable research has been carried out recently
on the use of mono- and difunctional derivatives of benzene, p-xy-
lene and related aromatic compounds as crosslinking agents for
PS (1-12). Crosslinking agents chosen for this approach have in-
cluded 2,5-dimethyl benzyl chloride (1,2), 2,3,5,6-tetramethyl
benzyl chloride (3) and other mono~ and difunctional agents (4-9).
The work of Peppas N.A. and his coworkers (10-12) has shown that
1,4-dimethyl-2,5-dichloromethyl benzene is the crosslinking agent
of choice due to its ability to form regular bridges between the
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PS chains.

However, the major problem with these materials was that they were
produced in solution polymerization, leading after crosslinking
and crushing to irregularly shaped crosslinked prpducts.

Design of the Crosslinking System

Here we report preliminary data on a new experimental technique
for the production of crosslinked PS particles in a suspension
crosslinking reaction at low temperatures. The main innovation
of the new technique is that a Friedel-Crafts reaction can still
be carried out with the selection of an appropriate suspending
medium.

Suspension crosslinking reaction of dichloroethane-dissolved PS
5 a8 Friedel-Craft catalyst and 1,4-
dimethyl-2,5-dichloromethyl benzene as the crosslinking agent.
Water was eliminated as a suspending medium, due to its known
property of inactivating most Friedel-Crafts catalysts at low
catalyst concentrations. However, Peppas and Barar (13) recently

were carried out using SbCl

reported successful Friedel-Crafts suspension crosslinking rea-
ctions with water as the suspending medium at very high catalyst
concentrations.

The suspending agent selected was silicone oil which had the fol-
lowing advantages . it did not deactivate or react with the cata-
lyst , it did not react with the evolved HC1 ; it was not hygro-
scopic ard 1t self-stabilized the PS solution suspension. DCE was
used as the solvent for PS, since it is only partially miscible
with silicone oil, whereas toluene, methyl ethylketone, butyl ace-
tate and tetrahydrofuran do not satisfy this requirement. 1,4-
dioxane, which is also partially miscible with silicone oll, was
not used because of its miscibility with water.

Experimental Part

The PS used was supplied by Dow-Chemicals Hellas (Lavrion,Greece)
and it had Mn=117,500, Mw=265,000, polydispersity index of 2.26
and softening point Ts=101.5°c.

In a typical experiment 120 ml of a PS solution (16.78% by weight)
in DCE (Merck, synthetic grade) were used and catalyst SbCl5 was
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added at concentrations of 0.0025 - 0.0042 moles/1t (Merck, syn-
thetic grade, in ampoules of 10 grs). To this gystem an appropri-
ate amount of the crosslinking agent was dissolved to obtain mo-
lar ratios S of polystyrene repeating units to the crosslinking
agent ranging from 4 : 1 to 128 : 1. The crosslinking agent was
prepared as reported before (2).

The solution was dispersed in 300 ml of a silicone oil (Grade 47V
350, Rhodorsil Silicones, Rhone-~Poulenc) and DCE solution at a vo-
lume ratio of 3 ! 2. Reaction temperatures of 30—7000 and times
of 2-8 hours were used and the system was continuously kept in
suspension at 500 rpm.

The crosslinked PS was received by filtration, rinsed with petro-
leum ether, purified in boiling methyl ethylketone under vertical
condenser for 30 minutes, twice, and 1t was dried in a vacuum-oven
at 80°C for 24 hours.

The final material was crosslinked since it swelled in common PS
solvents, such as chloroform and toluene at 2500, without measur-
able weight loss.

Yields were determined as the percentage of the weight of the dry
product to the sum of the weights of PS and crosslinking agent.
Infrared (IR) absorption spectra were obtained in a Perkin-Elmer
IR Spectrophotometer, Type 283, from thin films of the material
(thickness of about 100 microns), prepared under the same condi-
tions as the particles, but without the suspending medium.
Particle size distribution was obtained by microphotographs at
magnifications X 100 and X 250.

Results and Discussion

Table I shows the effect of reaction temperature on the yield of
the final crosslinked PS, for U4 hours reaction time, molar ratio
S, as defined earlier, 4 . 1 and catalyst concentration 0.0033
moles/1%.

Temperature °c) Yield (%)
30 67.3
50 74.3

70 78.5
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Table I. Effect of the reaction temperature on the yleld of the
reaction.

Table IT presents the effect of catalyst concentration, for 4
hours reaction time, molar ratio S U : 1 and temperature 50°C,
while Table III shoes data on the effect of molar ratio S, for 4
hours reaction time, temperature SOOC, and catalyst concentration
0.0033 moles/1lt, on the yield of the final crosslinked PS.

Catalyst (moles/1t) Yield (%)
0. 0025 69.1
0.0033 74.3
0. 0042 77.3

Table IT. Effect of catalyst concentration on the yield of the
reaction.

Molar ratio S Yield (%)
b1 T4.3
8:1 85.6

16 .1 9h.7
64 T 1 97.0
128 : 1 97.4

Table IITI. Effect of molar ratio S on the yield of the reaction.
A typical grain analysis of the dry products, as determined from
microphotographs is given in Table IV.

Microns (%)
+250 4.5
200-250 34,7
150-200 38.9
100-150 10.4
50-100 5.6
- 50 5.9

Table IV. Typical particle size distribution.

The IR absorption spectra obtalned were almost identical for PS
and crosslinked PS, except for the region extending from 450 to
280 cm._1 where some distinct differences were observed. In this
region a number of weak bands with a maximum at 370 cm_l appeared
in pure PS, due probably to skeletal vibrations (14), and it was
gradually diminished going from PS to highly crosslinked products.
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This could be explained by limitations in skeletal vibrations
induced by crosslinking effect. The relative intensities at 370
cm—1 for films prepared at 50°C, 4 hours reaction time and 0.0033
moles/1t catalyst concentration are presented in Table V.

Molar ratio S Relative intensities (3700&?%
PS 100
128 1 60
64 11 ug
32 .1 10
16 @1 <10

Table V. Relative intensities of IR absorption at 370 cm—l wave-
number,

Data on swelling analysis and the determination of molecular
weight Mc will be reported in a future publication.

Acknowledgements.

This work was supported in part by an International Research Grart
of the North Atlantic Treaty Organization to G.N.Valkanas of the
National Technical University of Athens. Helpfull suggestions by
Prof. N.A.Peppas of Purdue University are kindly acknowledged. In
addition, we wish to thank Mrs N.D. Grekou-Lazana for using the
IR Spectrophotometer at Health and Safety Office of Ministry of
Labor.

References.

1. PEPPAS N.A. and VALKANAS G.N., Chim.Chron.New Series, 3, 37
(1974)

2. PEPPAS N.A. and VALKANAS G.N., J.Polym.Sci.,Polym.Chem.Ed.,
12, 2567 (1974)

3. HAAS H.C. et al., J.Polym.Sci., 15, 503 (1975)

L4, GRASSIE N. et al., Europ Polym. J., 12, 641 (1976)

5. GRASSIE N. et al., Europ.Polym. J., 12, 647 (1976)

6. GRASSIE N. and GILKS J., J.Polym. Sei., Polym.Chem. Ed., 11,
1531 (1973)

7. GRASSIE N. and GIIKS J., J.Polym. Sci., Polym. Chem. Ed., 11,
1985 (1973)

8. TRUSHIN B.N. and TYURIKOV V.K., Vysokomol. Soed., B 16, 823



284

(1974)

9. DAVANKOV V.A. et al., J. Polym. Sci., Symp. No 47, 95 (1974).
10.PEPPAS N.A. and VALKANAS G.N., A.C.S. Polym. Prepr., 17(2),
510 (1976)

11.PEPPAS N.A. and VALKANAS G.N., Angew. Makromol. Chem., 62, 163
(1977)

12.BUSSING W.R. and PEPPAS N.A., paper presented at the 7lst AIChE
Meeting, Miami, Florida, November 1978

13.PEPPAS N.A. and BARAR D.R., Polymer News, 7, (1980), in press
14.BELLAMY L.J., "The Infra-red Spectra of Complex Molecules",
Chapman and Hall, London (1975)

Received September 25, 1980
Accepted September 30, 1980



