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Study on High Activity Monodispersed Sulfonated Porous Polystyrene
Microspheres for Preparation of Biodiesel

Luo, Jianxin“ Yan, Wenhai“ Ma, Qing” Zhang, Chunyan™*
Fang, Yiquan” Zhang, Xucheng” Wang, Changchun™*”

(“ Department of Materials and Chemical Engineering, Hunan Institute of Technology, Hengyang 421002)
(® State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science, Fudan
University, Shanghai 200433)

Abstract Sulfonated porous polystyrene microspheres as heterogeneous catalyst for preparation of biodiesel were prepared
by a facile two-step synthesis process in this work. Firstly, monodisperse porous cross-linked polystyrene microspheres were
prepared by reflux-precipitation polymerization, in which different ratio of styrene (St) and divinylbenzene (DVB) were used
as monomer and cross-linker, respectively. Then the obtained polystyrene microspheres were sulfonated by chlorosulfonic
acid. The structure and composition of the related polystyrene microspheres were characterized by FT-IR, X-ray photoelec-
tron spectroscopy, elemental analysis, thermogravimetric analysis, Brunauer-Emmett-Teller (BET) surface area analysis,
transmission electron microscope, particle size and zeta potential analysis. In order to adjust the sulfonated degree and acid
density, the reaction parameters such as solvent dosage, swelling time, amount of chlorinated sulfonic acid, sulfonated tem-
perature and sulfonated time were investigated carefully. The optimum conditions for the sulfonated reaction are as follows:
0.5 g of cross-linked polystyrene microspheres was swollen with 5 mL of CCly, and then sulfonated with 0.3 mL of
chlorosulfonic acid at 50 “C for 75 min. In addition, the effect of crosslinking degree on the specific surface area and acid
density of the sulfonated polystyrene microspheres were also studied. The as-prepared sulfonated polystyrene microspheres
exhibited high acid density (2.611 mmoleg™"), good thermal stability (up to about 200 °C) and appropriate specific surface
area. The sulfonated porous polystyrene microspheres as catalyst were applied in the esterification reaction of oleic acid and
methanol. Our experimental results showed that the functional particles possessed very high catalytic activity, which was
much higher than polystyrene ion exchange resin (Ameberlyst-15) and close to concentrated sulfuric acid. The catalytic ac-
tivity still maintained 92% of the initial activity after 3 runs of recycling use, and the shedding of sulfonic acid groups was
almost negligible. This paper demonstrates a simple, green and controllable strategy to develop sulfonated porous polystyrene
microspheres with high catalytic activity and good durability for preparation of biodiesel.
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Table 1 Structure and performance parameters of cross-linked polysty-
rene microspheres

Microsphere  St/mg DVB/mg Cons./% d/pm  PDI  {/mV

PM-1 450 450 63.6 1.28 0.081 —55
PM-2 300 600 63.7 146 0.102 —48
PM-3 150 750 60.9 1.53 0.105 —4.6
PM-4 0 900 59.9 1.66 0.133 —4.1

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 1 FT-IR (a) and XPS (b) of polystyrene microspheres (PM-1)
and sulfonated polystyrene microspheres (PM-1S)
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Figure 2 TEM of (a) polystyrene microspheres PM-1 and (b) sulfonated
polystyrene microspheres PM-1S
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Table 2 Preparation conditions and properties of the sulfonated polystyrene microspheres

Sample ti/h t,/min CCly/mL 7/C HSO;Cl/mL d/um {leV Ds/% [H")/(mmoleg ")
PM-181 0 60 5 50 0.3 1.87 —27.3 84.9 2.542
PM-1S2 1 60 5 50 0.3 2.06 —26.6 83.7 2.423
PM-1S3 2 60 5 50 0.3 2.15 —26.9 83.1 2.395
PM-1S4 3 60 5 50 0.3 2.16 —28.2 85.1 2.610
PM-1S5 5 60 5 50 0.3 235 —28.6 85.7 2.671
PM-1S6 5.5 60 5 50 0.3 241 —27.5 84.6 2.464
PM-1S87 0 15 5 50 0.3 1.49 —21.2 78.5 2.130
PM-1S8 0 30 5 50 0.3 1.68 —26.0 81.5 2.231
PM-1S9 0 45 5 50 0.3 1.74 —272 81.8 2.248
PM-1S10 0 75 5 50 0.3 1.89 —28.3 85.1 2.611
PM-1S11 0 90 5 50 0.3 1.97 —28.4 85.0 2.593
PM-1S12 0 75 4 50 0.3 1.81 —26.1 78.2 2.258
PM-1S13 0 75 7.5 50 0.3 2.01 —26.2 79.1 2.275
PM-1S14 0 75 5 0 0.3 1.65 —254 75.1 2.082
PM-1S15 0 75 5 30 0.3 1.74 —26.2 75.8 2.097
PM-1S16 0 75 5 50 0.2 1.64 —24.5 75.0 2.120
PM-1S17 0 75 5 50 0.4 1.91 —28.3 84.5 2.574
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Table 3 Structural parameters of sulfonated polystyrene microspheres
with different crosslinking degrees

Sample SAppr/(mPeg ") Vi(cm®eg ") d/um eV Dg/% [H]/(mmoleg ")
PM-1S 162 0.44 189 —283 85.1 2.611
PM-2S 181 043 202 —212 786 2.097
PM-3S 214 039 196 —163 732 1.861
PM-4S 240 038 199 —15.1 71.1 1.653
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Figure 4 Conversion vs time curves of esterification reaction between
oleic acid and methanol catalyzed by different acids

Temperature: 80 C; oleic acid: 10 g, methanol: 11.34 g, H,SO,4: 0.04 g,
the acid amount of other acid catalysts is comparable to that of H,SO,
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Figure 5 Conversion vs time curves of esterification reaction between
oleic acid and methanol catalyzed by sulfonated polystyrene microspheres
for several times

Temperature: 80 ‘C; oleic acid: 10 g, methanol: 11.34 g, catalysis: PM-1S
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Table 4 Structure and performance parameters of sulfonated polysty-
rene microspheres before and after catalysis

Sample SAper/(mPeg ") Vi(ecm’sg ") d/um eV Ds/% [H]/(mmoleg ")

PM-1S 162 0.44 1.89 —28.3 85.1 2.611
PM-1SR 151 0.43 1.92 —27.2 84.6 2.587
3 g
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