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Green preparation of poly(p-phenylene sulfonic acid) microspheres
and its catalytic synthesis of biodiesel
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Abstract: Poly(p-phenylene sulfonic acid) microspheres (PSS) were prepared by soap-free emulsion
polymerization using water as medium, styrene (St) as matrix monomer, divinylbenzene (DVB) as
cross-linking monomer, sodium p-phenylene sulfonate (NaSS) as functional monomer, methacrylic acid
(MAA) as water-soluble monomer, and potassium persulfate (KPS) as initiator. The obtained microspheres
were then characterized by FTIR, XPS, SEM, TGA and DSC, followed by investigation on their particle
size, Zeta potential, specific surface area and acid density as well as the influence of NaSS, DVB and KPS
dosages on the structure and properties of the microspheres. When H,O was 90 mL, St was 76.9 mmol,
MAA was 9.3 mmol, NaSS was 0.7 mmol, DVB was 7.7 mmol, and KPS was 0.7 mmol, the prepared
PSS-3 has a uniform particle size and high acid density. The catalytic performance of PSS-3 in catalyzing
the esterification of oleic acid/methanol for biodiesel synthesis was further analyzed. The results showed
that the conversion rate of oleic acid could reach 86.4% when the molar ratio of methanol to oleic acid was
10 : 1, PSS-3 dosage was 2% of the mass of oleic acid, reaction temperature was 80 “C, and reaction time
was 6 h. Asa solid acid catalyst, PSS-3exhibited good reusability with the conversion of oleic acid showed
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no obvious decrease after 4 recycles.
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Table 1 Optimization of preparation conditions of poly(sodium
p-phenylene sulfonate) microspheres

NaSSlg DVB/g KPSlg dinm PSD &mV  Cl%

NaPSS-0 0 1.0 0.2 3480 0.068 -121 92.70
NaPSS-1  0.10 1.0 02 3253 0.060 -13.6 93.29
NaPSS-2  0.13 1.0 02 3236 0.065 -154 93.12
NaPSS-3  0.15 1.0 0.2 3145 0.070 -19.8 94.45
NaPSS-4  0.20 1.0 0.2 3320 0104 -16.3 88.28
NaPSS5 0.15 1.0 0.1 3396 0115 -12.0 86.27
NaPSS-6  0.15 1.0 03 3405 0141 -17.8 95.20
NaPSS-7  0.15 05 02 3211 0.040 -12.0 89.27
NaPSS-8  0.15 15 02 3700 0135 -145 91.83

0 HAb R S5k 90 mL H,O, 8g St 0.8g MAA,

TETC R FLIR R A b, Wk 3 A H oy 25 B K
A 5 B4 - 08 R X LR R A A R i e
T MAA il NaSS A}, i it iR £t B W3- fk i L AR
FETE . KPS 40 = A= B B F A i 2 54 —S0q,
HAEAEN TRk aRE , $RHE T ok 2 1 0% i i HE
1o BRI, 1% B UL B 40 T ek 2 T ) DU 2 4544
Y KPS R AERT (NaPSS-5), i T—SO5h e,
HEF A JE IR ZLIR RS E , T A oskoRn AR 1 K

2 KPS 8w it (NaPSS-6), Hhn#ififfie
WA A K AL, RGHORE R, IR,
PERR AR | R AR A A e, SRk Ak DVB
FEEANE (NaPSS-7), R EERAR, S
ik . FasEPER2E; T DVB KR ( NaPSS-8),
TR YR T RSS2, 55 R BUERYR T
RAE, BRI K HRRS RS . FE%IE,
M H,0 /90mL, St 8g (76.9mmol ). MAA K
0.8g(9.3mmol ), NaSS >/ 0.15g( 0.7 mmol ), DVB
19 (7.7mmol ), KPS} 0.2g (0.7 mmol ) i,
TC L FLIBCR A il 5 B R X A G R R A R oRL AR A8
Yoy FLiR e Ry, B (St MAA | NaSS,
DVB) bR,

W TR LR RR Ak (NaPSSx, x=0. 1.
2. 3.4, AL 1) 5-HCT 1 mol/L BRFRIE W,
R H B Na*,  F 1 i 45 58 X 2 2 0 it i
ik (PSS-x, x=0, 1, 2. 3. 4), XK LIHHER

THERBRIAE | BiAE A . Zeta M, FREERE . L3R
AN 2 FroR . X 1 figk 2 50, BiiE,
TR B R AR BOREAR AT B B2 JL-F- IR 284k, 1T Zeta
L2 48 WHE AR BT . Hodh, PSS-3 (R % 5 ([H'])
2 AR Sper )P4 F) 1.67 mmol/g £l 54.6 mP/g.

# 2 BRI LIGBEIRBIR S VERES L
Table2 Structure and performance parameters of poly(p-phenylene
sulfonic acid) microspheres

Sample d/nm PSD  ¢&/mV  [H']/(mmol/g)  Seer/(mP/g)

PSS-0 348.6 0072 -12.8 0.67 41.8
PSS-1 3264 0064 -154 121 49.5
PSS-2 3251 0.066 -18.9 1.44 52.3
PSS-3 3189 0075 -21.9 1.67 54.6
PSS-4 3316 0115 -19.1 1.65 51.9

22 BXWEZHEHEBRMIKMHRIE
221 FTIR #= XPS & 4t

RN LI RERR BRI FTIR S & an & 1 frR .
& 1A%, 3435 em™ ik O—H AU 45 R sk ik
I , 2921 e 4b Sk C—H A4 PR s il . 1700 et
b —COOH Ht C=0 W% P sh M i, vl
FEWIERR L Z 53 % (7T 1610, 1493, 1453 cm™
A B JLAS W R SR SRR AIE I 5 77 757, 698 cmi Ak H ER
T B IEFR B S AR S i PO SRR 2 2 0
WS 538 7F 837 cm [T B 1,4- —HUAR 2K
AR IS I . 55 PSS-0 A HE, PSS-3 7E 1182 cm™
b IR T BETR SE T O=S=0 $H1iF Mg Y | 153 BE X
ROIHTEREIN S5 TR, B 2 WRNKL
Tl PR Tl BR 1) XPS TS IA] . ph 1] 2 AT A1, A X F NaPSS-0,
NaPSS-3 il PSS-3 71 284,533 eV 4k (14 Bl Creyy
O ) BEEZEAL, (HIE7E 232, 170eV 4L T S 25
5 S2p g LE FRTAR, BARFEYIR I LI RER
TR R T 48, H & —S0sH . —COOH 5 R
HH,

2021 0

1610 l\1453

CH 1493 :*98
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PE/em™
K1 RO CIRIR R FTIR 3514
Fig. 1 FTIR spectra of poly(p-phenylene sulfonic acid)
microspheres
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Fig. 2 XPS spectra of poly(p-phenylene sulfonic acid)
microspheres and poly(sodium p-phenylene sulfonate)
microspheres

222 SEM #4E

&l 3 S SRR LB R TR 1 SEM Kl HH Al 3
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HURIE, Frles PSS-3 kifE/NT PSS-0, X544
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Fig. 3 SEM images of poly(p-phenylene sulfonic acid)
microspheres PSS-0 (a) and PSS-3 (b)

2.2.3 DSC#= TGA % 4E

4 JEAN[A] NaSS F 2 ir il 5 1) 38 X 2K £ M ik
R TUER Y DSC k. FIE 4 AT, Frg flEk ey S 8
BB R PT A SR S AL SR
FiZ NaSS fi# M 0 g (PSS-0) #Jm%| 0.20 g
(PSS-4), DSC frill i) 3% 554k 5% A B (Ty) M
104.2 °CTHE 3] 107.4 °C. % J& i T NaSS Hoc#
KB BRA BELAE %5 B iz sh 22 BHL, DT 5 B0t 35 fh e
AR T

T PSS-1 :T=104.6 °C

& W
B pess \T,=105.3°C

@ O

£

#®
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Fig. 4 DSC curves of poly(p-phenylene sulfonic acid)

microspheres
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Fig. 5 TGA curves of poly(p-phenylene sulfonic acid)
microspheres
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PR R IE A 75 IR 52 o U PRI SR WA 2 M itk PR ik
HA B FEEM:, ol LU TS R fE 1k )
EY S .
23 BXNERZHEBBEEKELEREWEH

DA 34 i i) 8 1 SR R AR R PR TR PSS-3
ERTRAEAL, AEACI R/ BERG 1 A A S5 .
2.3.1 EALROR S e AR T

KRR ZRE T, BRI HE . B R
TR B ) o ) 1 L L 2 o7k B85 R IS 1, st i) % ¥ PR
R RZm, AR AL T 24540
2.3.0.1 AT X I R FE AL R 1 5 I

PRIT T AL TR FH 2% b R/ H B R Ak S g 1) 52
M, BEE VIR RN AR H BRI ) 5 9 & L



= 1070 -

A% @m & T FINE CHEMICALS

5 40 4%

J310: 1, 7E80 °C T Jehi 6h, 4541 6a i
i & 6a A] A, 244k 7] PSS-3 4 M 1% 3] 2%
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Fig. 6 Invedtigation of influencing factors of oleic acid/methanol

esterification catalyzed by poly(p-styrene sulfonic
acid) microspheres
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2.3.1.4 S A [ %o 9l T e A 23R 1) 5 T
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ST s R 240, S T R R AR X
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Fig. 7 Conversion rate-time curves of oleic acid/methanol
esterification catalyzed by different solid acids
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Fig. 8 Catalytic performance (a), FTIR (b) and XPS spectra

(c) of the recycled poly(p-phenylene sulfonic acid)
microspheres PSS-3
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Table 3 Structure and properties of PSS-3 and recovered
catalysts PSS-3-Rx (x=1, 2, 3, 4)

Run [H*]/(mmol/g)  Seer/(m?g) STt /r%U%
PSS-3 1.67 54.6 2.56
PSS-3-R1 1.63 52.3 2.45
PSS-3-R2 1.61 51.9 241
PSS-3-R3 1.58 51.1 2.38
PSS-3-R4 1.55 50.3 2.32
PSS-3-RC4 1.65 54.1 2.52
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