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Synthesis of Nanoporous Polystyrene Microspheres for
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Abstract In this study, cross-linked polystyrene microspheres (PS) with high porosity were synthesized via a suspension
polymerization method. A series of menthol@polystyrene microsphere composites were synthesized via a novel “in-pore crys-
tallization” strategy by employing porous PS microspheres as the carrier. The release behavior of menthol under different tem-
perature was studied by a hot-air sweeping method, and it was found to be fitted with the law of biphase kinetics. Compared to
the samples obtained via mechanically blending, the present supported composites display a controlled release of menthol in a
rather broad temperature range (30~80 ‘C). This kind of new preparation technology is expected to be useful for designing
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novel high-performance menthol-based products.
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Figure 1 (a) The photograph of PS microspheres, and the SEM
images of (b) the interior structure and (c) surface morphology
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Figure 2 The N, adsorption-desorption isotherms (a) and pore
size distribution (b) of the porous PS microspheres
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Figure 3 Schematic illustration of the in-pore crystallization
method for loading menthol in the pores of porous PS
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Figure 4 The DSC curves of (a) menthol@PS composite (50
wt%) obtained after in-pore crystallization and (b) the mixed
menthol/PS obtained via mechanical mixing
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Figure 5 The release rates of (a) menthol/PS sample and (b)
menthol@PS sample both with 50 wt% menthol under air
sweeping at 30 ‘C (A) and their corresponding fitted curves using
bi-phase dynamics equations (B)
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Table 1 The release rates of menthol in menthol/PS and men-
thol@PS samples both with 50 wt% menthol under hot-air
sweeping at 30 C

oo B W%
H 20h  40h 60h 80h 140h
JE4 Menthol/PS 15 24 3] 39 538

14k Menthol/PS 12 20 26 29 35.7
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Figure 6 The release rates of (a) menthol/PS sample and (b)
menthol@PS sample both with 50 wt% menthol under air
sweeping at 30 C (A) and their corresponding fitted curves
using bi-phase dynamics equations (B)
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Table 2 The release rates of menthol in menthol/PS and men-
thol@PS samples both with 50 wt% menthol under hot-air
sweeping at 80 C

B BETCR Iwt%

" 2h 4h 6h
14 Menthol/PS 33 51 63
1%}, Menthol/PS 29 40 45

RERETBAT N, R OUERLTE AR ALV A, BB TR i Xt
T RSO B B A AR, Rt T T
BEHTAR DGR R K RO REPERE. [RIIN, ACHIF FE 0] g
BRSO REHEAT T BIRAIBIT, R RS h /) Hh
2k, WO BB O R A U B 7157 TALRE T A
BEE BRAAIRAEZ AL PS th, AT 52 e Ay I 1 it 10
ORAF AR, Dy T i 1 o1 i P BT 3R 04 13 ) S8
.
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(AT 9 P 20 B K v R S0 A, TRD B 3047 3 0SB A Ak
H, 1 h J5THEZ 80 C, JEARIE 20 h. ML JE, FIH
A IGIR USRS &, JRR#UKPER 3 K. A, FIFHC
REVEH 7, il 2R FCPR A L BR LA 2K, T 5 R
133 2 FLR K LI TR EE .
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B LA« ¥ — 8 BIE AT RS ARLE 50
mL Jo/K ZBEH, SR JE R 2 FLIOR 245 (PS) sk 75 4y
BT TSI, ISR S = IR K
T, MIMAF B AR RE I 2 4L PS BK, A RARid N
%, Menthol @PS.

UM B2 $R B3 “FLIHT s 7 J7 AR [F 4%
BEEE, R g 5 78 30 GBI BA b FE R 1) YA I A S 2 £L
PS ERBHATHUMIE S 10 min. FrEHIEESFRIC AR S
Menthol/PS.

323 EITBEEREREN ) FATR

1 BRI A A (R 10 @) B T — 52
5B A B R BE A PR R I A A B (RE . 500 r/min),
Ty — B R RS % B ROP AR EAE M R &, 10 %A
mn TR CRZE 0.2%), FF1E TS B 1] 122 40 i
2, i — T HEE T 5 A.

3.3 HmTRMENFESEHE

P IR ' B A PR BCRD AE BL B. 5 it ol == Al
MEREED AT TR, KEFEN 0.1 mg. B dh w7 HE 4
Hi 5% 18 Ay SR Y H 25 Hitachi Model S-4800 37 % 5434t
BifE 20 kV HLE TR HRER B B Al T
RRKGTREM & b, TAFEa SR B WS, FEa
FIHA(SBET)KH Brunauer-Emmett-Teller (BET) /5%,
PRI AT i SITE 0.04~0.2 Y6 [ P R B 2500 1047 115
LA (D) FIFLZE (V) B 45 R 26 W Bt 43 3R A Barrett-
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F3 A 50 wt%H A B [ 78 & menthol/PS (a)F 71 %% menthol/PS (b)Ff i 2EAS [ & 25 S W3 R 1 S fr BE B AT A I XUKE B 1y 24

WETTRE

Table 3 The fitting equations for the release behaviors of menthol in menthol/PS and menthol@PS samples both with 50 wt% menthol

under hot-air sweeping at different temperatures

T BRE/IC AR WEMRE R
&4 Menthol/PS 30 0=73.9485—(36.2403¢ """ 4-36.2403¢ """ 0.9988
1145 Menthol@PS 30 0=38.9755—(9.1352¢ “®""430.5630¢*0!6%) 0.9995
&4 Menthol/PS 80 0=48.1054—(24.161¢ ****+24 1617044 0.9964
1148 Menthol@PS 80 0=106.5081—(96.3129¢ *'*"410.2969¢ ™ "*4*) 0.9987

Joyner-Halenda (BJH)# ! i1+ 575 5], L7 FHAIXHE 1
Pp/po=0.995 AR FHETHE. DSC #hZ:rE Q2000 %A%
AHEARERCEIAE, BN, SARTRE 20 mL/min,
JHE % 10 K/min, FFRIE# 2% 20 K/min.

45 B4 K} (Supporting Information) 1 48 3 1rf % i J5
P12 L PS FlERIILAME R, XLkl ] DL 2% AT
WX ki (http://sioc-journal.cn/) b %,
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