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Abstract: Micron-sized polystyrene (PS) microspheres were prepared via dispersion polymerization using styrene as the monomer.
Micron-sized sulfonated polystyrene (SPS) microspheres were produced via modification with concentrated sulfuric acid before being applied to
adsorb heavy metal Pb>". The structural characterization of PS and SPS microspheres were performed by SEM, FIRT, TG, XRD, XPS and
elemental analysis. In the meantime, the effect of the ratio of PS microspheres to concentrated sulfuric acid (g : mL), and the sulfonation degree
of microspheres as a function of sulfonation time, were also studied. Moreover, the effects of adsorption time, solution pH and initial substrate
concentration on the adsorption of Pb>* on SPS microspheres were investigated, along with the adsorption stability and desorption properties of
SPS microspheres. The results showed that the prepared PS microspheres had uniform particle size and an average particle size of 1.2 um. The
sulfonation modification performed at 40 C for 48 h and a solid-to-liquid ratio of 1:40 (g : mL yielded SPS microspheres with good water
solubility, monodispersity and uniform particle size, along with an average particle size of 1.4 um and degree of sulfonation of 0.560+0.01
mmol/g. The adsorption and desorption equilibrium times for Pb**-SPS microspheres were 5 min and 1 min, respectively, with a desorption rate
of 99.81% and unchanged adsorption performance after four cycles.

Key words: dispersion polymerization; sulfonated polystyrene microspheres; Pb**; rapid adsorption

AR, REEAKGGEMR, HhER
T3 —F Ll b, 402005 SFERTER RIS G, 2014
WiksEEA: 2018-08-02
HEWH: "FENARMRMAERAESIM (2015802023001) ; HERE
RPARFECFONINZIRITIE (201710561055)

TEHEIT: R (1993-) &, Fit#isE, MstAE: BTN
BRI

BREE: HIE (1969-), B, %, HARAE: S5 FHARMEHRAR
RZFd

166

JT R S =], JRE
EIEITYe YOKZEEIRBRE, BT, JHKh.
b R (O 9 B 2 (B R . — R, HER
MR B 50) <o ) AL A AE AL B FE 1 o TR
P < 2 R AL AR I R, 3 N < R PR R
Bt FRCRAS RN, DRk, B FURI R R T AL B
7o, SEEYLN B <5 AR B 1 vt AR PR A DA PR 7K B
EE SINEC RS oo S o

BEE DIREVE R SRR PRI, BRI 1



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

REVMELENE SRR . TR IRk 5
BHEE . MEIRRR WIPER. At RS e S T
FEARZ AR B, O TR &2
(BT ARSI, i TR 2R R R T B = Thig k5
Hl, BiAKPERSR, TEIRARFRERE LRI T 5ROR Lk
R SRS, Rk, 8 — LA R ThRE
BRI ECE YRGB SRR O ekak i, CAGIREUR
AR DRl PS oK. HETDIRENE PS RO 3RS
BREEEA MO, —RRHZE BN R
SR MIEERIR bR e SRR =Rt
T 5 (e 8 B Re 4180 BARPDI AR T IR .
H PS TORSCEE BRI B R RAETE, RS
TE TR AT SR USRS, g N < ) ik
AN DN 2B ) A AN N - R S
JRAIN B NREIREE A AL s )L 5N ik
BRI - v s U A%, E It DA B LRSS, R 4%
B MINREREE I RO CIfEK. @ Hangin Weng
SRR PS WOk TR IR LR, 2 Tk
JE W ZROR LIRAIRIEEAT 2 AL 3G B TERTIOK, %
JafilfF B A 72 CdS KR R ZIR IR AL PS Tl
BR, MR A SRR HSR K K HER THA . Mohamed
E. Mahmoud %" @it P 77 (M K Z M MR 10,
I3 AT IR A A I AR —Fh s R B2
PHESFAc s, mHARAb. TERRIL S I SRR IR XS
He''\ Pb*". Cd™ S Wb &l 0 BIA B 1.95~2.45
mmol/g. 0.75~1.10 mmol/g. 0.45~0.60 mmol/g. E
XF PS TER D REA ot T iR L S SR ) R
B AR ] 5 A JREPRIAR IR B B 42 S8 B 1S5 I P Ak
glI7.18]

EEXT UL BT, ASSC DN R IR BRI 4 205 A S
Kl R HER GRS IR IR L)@k, @it
IRERIRNS SRR IR ORI AT RAER L, ZE2RIR
AR,  FERVTRERR A 2, il B
BAMHL KRS EEESRIKIROK S SPS Tk, IF
FRAHIKER P A ORI E SRR
IR AL FR SR SR o

1 MR5ERE

NI Wi E

KON, A, RIETHRRFRA) s &
4. PVP-30, Zpdrall, RETREMARA s T
KB BB R THE. IRER UREDECN 98%)-
0.01 mol/L EEESFRUEIR . 0.01 mol/L AL INFRAER
TSRS, rbral, Ml RERA R B T

PSR SAEABRAF .

DF-101S BRI 1P FEds, bl
Rlslb & AR A DHG-9030A 7 HAE, X T8
f, BilF—1EREIRAR]: SZ-100Z BIGK TR 7
#H¥%, HA HORIBA A7]; VERTEX 70 F!{d B4z
BT AMEIEAY, 18 Bruker A ; JSM-7600F 7
P R BT B0, HA JEOL A F]; DTG-60H
RIE A, HARHEAR; DSC214 MZERiH
AL, FEE NETZSCH AF]; PWIS30 A X H4k %
FfiTHHX, faf 2% Philips A ]; Kratos AXIS Ultra DLD
T2 INEECHFREWEAN, JE[E Kratos AF] .

1.2 o7k

12.1 RTHmaT4 e

Jic B i s HCN 5% NaOH 770, 1218 1:1 ik
FREL A HIIINKE 2065 5% NaOH &3, BHTREZ#E
7, B8, PR EER TN EKEH, #&ikE
HEWML 3~4 ]G, SRR, HZHE
BRI . TSGR G EIRE G,
B, 7E 60 CHEATHEZRALFE 2~3 h, KM HEiEt
AR R T i IR
122 54 %% PS ok

JIA 2 g PVP-30 54 200 mL Jo/K ZBER =1
PR, ARG B 30 min, FREEMAY, THE
274 °C, A 50 mL KM 04 g AR T,
£ 200 t/min [ . 24 h, FrfSEREMERH T0K 8
PRk =IkLLE, 7E50 CTFES T 24 ho
1.2.3 PS #h3kegshtbab 22

FREX 2 g PS ERIIAN 25 80 mL 96% H,SO;4 [
K, S 8 78 40 CAMF AU EE SUv—
BNl [RBTERUS, BTt PS Hask HZ K.
CIEE YRR, FET 40 CHA T 24 he
1.2.4 Micro-SPS #3k b9 5340 | 2.

SR V20 e T R e & SR RN R, Bk
E/EN: FREX 0.050 mg BRI SRR 2 )Rk, # o
BT 50 mL 0.01 mol/L ¥ NaOH Ar#EiAE#RH, HIA 2
AR, BL 0.01 mol/L I EREEARHERGIEAT IR E
T VAR SRR bR HE AR RTHB SPS Tk AL,
B, tHEAR (D Wk

DS=[0.01x0.05-0.01x(HCI)]/0.05 (D

Hd: DS: RFAMLE, #4524 mmol/g; V (HCI): %
T FEEY 0.01 mol/L 49 2h BATRERRAR, $424 L.

1.2.5 Micro-PS %3k /Micro-SPS fik3k 49 ZAE

SEM Will: LATGIK ZBER 53871, il — @ e L
(¥) PS. SPS fEk, W THIFE G b, TREdHT

167



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

WG, SRIEHEIT SEM MELES. FT-IR WIE: 4%
PS. SPS fEki#%lE 5 KBr 1:100 ) LT RS
FEOREE, JEF, LLKBr NBHEY, HH¥ER N 4com’,
34 32 Yk, ME KN 400~4000 cm™ o TG 434: B
HY 5~10 mg [ PS. SPS fBk, LL 20 ‘C/min KIFHEHE
K, M40 CTHRE 700 C, 125 il Hp o fiiAs
I . FAES3HT: FREC—E R IIOK SPS. PS Tk,
PA 10 “C/min MIFHEESE, M 40 CHREZ 700 °C, 7E
A E A R . XRD 4341 B— =
(1) PS. SPS fBk, X BRI (1=1.54 A), &k
40 kV, Eit 40 mA, HITERN 5~90°, 2K4 0.02°,
FHGER N 15.0 B8, XPS 0#r: 2SI & E i1
PS. SPS T#Ek, RHFEE Kratos /A [ Kratos AXIS
Ultra DLD £ Djfig s B RETE OO fdb A7 5
1.2.6 SPS AW &4 E4HR,
1.2.6.1 WRBRERTHE

FREL 0.050 g FERIIANE 100 mL & —EkE
P> I, FESIFFEEEL, #E 30 C. 150 t/min
A N PMALER, AR IR — g I T A TR, RRK
Z)2mL, B, EiEWGE 022 pm i JERE, WlE Pb>
BFIREE . B R R (2

n=(CrCo)/Cy x100% 2)

Hd, G PO RAMRE, #45H mgL; CoHh PbAndk
RE, BA1H mg/L.
12,62 WEFHI[AI%T SPS THERL I Pb™ (rI5m

7£30 ‘C. 150 t/min 54, HUH A FIER SPS
TERS BT 25 mg/L Po™ VEGEEATIRY, EITAEASTH]
IR S HEATEORE, Baly, FIEWGL 0.22 pm iLERS,
I5E PO R .
1.2.63  SPS ERTEASH pH {H T AT Pb* s

FREX 0.020 g SPS 13K, HIAZ 40 mL &H—&
WZ [ Po™ VW, TRAIEA B £ 30 T 150
t/min 254 N 3 h G B 3 mL, EL, k
EWOE 0.22 um 1EUERE, WsE PbPIKRIE
1.2.6.4  Pb> W URH B XIS BB FrO S

7£30 ‘Cy 150 r/min ERAM T, @i SRRy
VIUEHE , 53 HT SPS TR Pb™ W b B 5 AT UAIR
JERPIR R
1.2.6.5 SPS TR B AR E V5

HY 40 mL 50 mg/L Pb> VA7, AN 0.100 g SPS 1
BR, PREIFFEAEL TE30 °C. 150 r/min 254F R
B 1h, SRJ57E 10000 r/min T 250r 30 min, B EIER,
B, WE POTIREE Cp, B RIUTIEIIA 40 mL 1
mol/L FHiEER, 7E 30 “C. 150 r/min 514 FHEHT 1 h,
MR, Ve B, BUEIETL DE POTIRE Cyo

168

1.2.6.6  SPS fER I b ERE 2> HT

Y 100 mL 50 mg/L Pb> VAT, HIIA 0.100 g SPS 14
BR, PREIFFEESEG TE30 C. 150 r/min 254F R
Bt 3h, SRJSFE 10000 r/min K E5Cr 30 min, B4 AT
VENIN 100 mL FARSELZ 1 mol/L, #ERS, PeMi, =i,
B -5 Cyr AR — 2 I TR BRI E P> IR Cp %
H G5t 2RISR R L
127 BT

Bl RIET 3 UCTAT IR I FIME, 45 R LA XS
&R, FIH Origin 8.5 AT HRALEE 55047 -

2 ZR51He

2.1 B PEXHE M E B R

2.1.1  BRAGET A AT ARAL B 64 30k

1E 40 ‘C. PS ORI A9 1:30 mg/mL.
¥ 600 r/min S5 FREATHIMAHE T HiHE S8, T8
T ST A IR TR PR FURRA S S AL I ) TR G &R
SR 1 fon, BEERELE RGO, B0 I
WK, BAERRIHER,, SGIEURHTRE. TE 8 h /i PS
WORMLEE SUERE R, 5 PZEm, BE LA
e, TR 48 h IHAH#AG EEIA F] 0.56+0.01 mmol/g.
PRI, ARSEEGIE R SN 48 he

0.6}
_ . —%
05t ___—=
g
E 04f
B L]
S 03
it
02}
0‘1 1 1 1 1 1
0 10 20 30 40 50
T4 8] / b

&1 KR SPS fEKRE (L B HERTE] A AL E
Fig.1 The relationship between the degree of sulfonation and
the time on Micro-SPS microspheres
2.1.2  EACHBIATERALE 6978
1E 40 ‘C. #3874 600 r/min ZA4F AU HE R
48 h, WIS KA PS TR SIKIRER L BIHR TR FE S5 )
W R R SR 2 PR, ToKZk SPS Tk
IR0 FEE Tt R L A I FH B R R oK
FERRELE 1:20~1:30 (g:mL) Z [ IEOKR, MAERRE L
1:30~1:40 (g:mL)Z IR AR NEL N, IX AT REZIKTRIR
FESEIX A Car L E A T ERE. RE58, &
SIS IEFERNR LA 1:40 (gmL)E A AL .



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

@oji i - 2
E 4l 2 / /
ol Z Z

RHE L (g:mL)
(& 2 KR SPS fEKREILE R REL ML E
Fig.2 The relationship between the degree of sulfonation and
solid-liquid ratio on Micro-SPS microspheres

2.2 Micro-PS # 3%/ Micro-SPS 43 2k By FAE
22.1 SEM 447
: [)

(B 3 HKZR PS\ SPS fEkAY SEM [E]
Fig.3 The SEM of Micro-PS and Micro-SPS
JE: a. b¥A PSHUK, c. d 39 SPS K, e~h H SPS
aEEIS
P 3 ik SEM M%2 PS. SPS MERIITESUERE
K. HE 3a. 3b AIE HHCR VAR PS REW)

BIRERIE, HBRNY—, BREDGHE, PR R
/NN 1.200 pm. 755 PS MR ECT, MIE d~f
A&, PS WEREHERIIES, R CIAHERRAE
MR R, BorHt RAF, PR 1.400 pm, Wt
B PS. SPS KB T UK KL, KNS — H Ay
5o A BHINEIREEA R SRS PS Tk
1, AR, EDS X AT /0, B 3 Mk 1
fli7R, SPS HHIL T K& PS MERTCR AR AAFTE
(1) S\ O JLE, RIAREFRIE A O i IHAAE PS Tk
I

=1 TEHH
Table 1 The elemental analysis
Element w.t.% Atomic/%
C 91.01 93.34
(0] 8.30 6.39
S 0.69 0.26

222 LI AR

T AE LI ZLAM S REAOR PS SPS BRI 4 i it
ATWNRE ST HT, ML R W 4. M PS TR AME &
T LA H, 7E 3088, 3060, 2850 cm b (g =AM i
XN PS EREEARIA L C-H BERH4EIRS; 76 2922
em” BLAZ 2850 em™ - IPRANI IS I B 4% F-CH,-
th C-H £ M4atRzh: 7E 1602 1492, 1450 cm™ I
[ = AN S B = B 28 1) C-C BEINIPESRB) 5
FE 754697 e b (AN BRI ST AR FoF 7 FD 2 (N B3R
F C-H B HhiRsh, R Z SR A FLEL
s ZRAELUL BN R, SN EIIE R PS 1l
B, xtLb PS MMERIGLLAMER, SPS ERZ =4
WU, Herb 3472 em™ 2 HHESIRIE ] F (19-OH 512
PREN, 1191 1055 cm™ AL AIPTNTISIAR: R J 1]
) C-S BEGEMIRSN, 8 DL Rt —P R
HHER IR Ik CUR Dt ERR AL 4]

S 342em! #1055 cm!
51 1191 cm'!
g
\
g
=| —Ps
—SPS
3600 3200 7600 1600 1200 800

Wave number / cm™!
4 1KLL PS, SPS TIERAILIIMER]
Fig.4 The infrared spectra of Micro-PS and Micro-SPS
Microspheres

223 TG 4H5#r

169



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

T PHRAR 3 BT - BRI PS Tk
Je SPS TEkiFaE M, 4R 5 s, MIE 5b
AILAEH, PS ERAE — NS RIT B, iR (e
410 °C, fEULHI B PS Kk H ™, X—RELHT
REVEEEWR IR AHILT PS fEk, SPS
ORI — MR BRI 28 427 CIftix, RHH
SREAFRIE A SING BT 5 PS ki Hviae 1t
H. SPS FERTE 120~180 ‘C A5 —Bgg i) E ek,
X BT e TR L A 1 B e S R

100 [
80 |
°
= 60
=
20
2 a0f
— WOKPSTHR
20F e K SPSTER
(s I I I I 1 )
100 200 300 400 500 600
Temperature / “C
E 50  —TIOKPSHIER
E -------- K SPSHER
2
=
2
o
=2
2
3
(a]
0 1 1 1 1 J
100 200 300 400 500 600

Temperature / ‘C
5 K PS. SPS fEKAIIAE S [E]
Fig.5 TG analysis of Micro-PS and Micro-SPS Microspheres
E: a ARTWL, b AEFRBK.
224 XRD 47

6000 - — (LK PSTEK
— (Q)CKSPSHER
5000
> 4000
5 3000
E
2000
1000

0 10 20 30 40 50 60 70 80 90

2Theta (degree)
[El 6 KPS, SPS fEkEY XRD T&[E]
Fig.6 XRD patterns of Micro-PS and Micro-SPS Microspheres
Wl 6 Fron, @RI X $H28 2 mATH O PS,
SPS [ RAT AT, 25K, 7E 20 Ny 19.1°
B IELIE, 5 JCPDF #adfER A HIERR LM

170

[, #—PRARIRAER OImmER, it
HEH PS FERE A LTAAR, X T % B #EAS
AN K AEAE PS kR0

22.5 XPS o7

a Cls
WK PSTER

2 OKLL OI Is

O pagwncruran

b —
B MK SPS R Cls
= Ols

OKLL
S2p
1000 800 600 400 200 0
“ditfe eV

&

i

=

"

o

288 287 286 285 284 283 282 281 280 279 278 277

gL RE eV

(e]

TR / cps

536 534 532 530 528 526

(o

TR / cps

171 170 168 168 167 166 165 164 163 162
“ditfe eV
&7 KPS, SPS fEKHY XPS 43 AfrigE
Fig.7 The XPS spectrum of Micro-PS and Micro-SPS
Microspheres
JE: af#ok PS. SPS #3k XPS A, b. c. d 57 AH%
K SPS 3K ¥ Cls. O ls. S2s 495 H,



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

IOk SPS kR nER . Wi T XPS
ST, HT PS ERHETELRS, SR 7 FoR.
7a AT LA T fRF], FHECT PS @R, SPS fHERTE 165.7
eV A —/ MR S JUERFHIEE, SRR A T
B A PS kR, Ait—5 4 SPS TERIEEH
3%} 2822 eV (C 1s) BiRJEFHHiEIEE, 528.1eV (O
1s) FUR THEHLIE, 165.7 eV (S 2p) FiJE LI 3E
FTorIERL R, S5 NPE Tby e 7d Fm.

HE 7b TN, 282.3 eV [MIEEFR R4 L C-C
BMLE A 2832 eV AR R ZEIA LK C.

1ER e v, RSS9 N ANE, 529.6 eV AHIER R
TR EL | O-H HIHFIEVE, 530.6 eV AbKy O=S HIHFHIE
W, TIAER 7d 1, 7E 166.7 AL HIIEIEER S=0 Hf S
JLE, 1E167.7 AeMIEEFRIR S-C i S i&. 4k
BT, ZRIRIRICIEGTIOK PS TRERTER I D4
TR 3 4]

23 SPS RERH M B 45 & By T 7T
23.1 EMETEXT SPS E4 B A M 49

7 2 IRMITIIRFMTE & RAVRR I
Fig.2 Research status of heavy metals by adsorbent

Lowest

Sampe Metal ions Adsorp/t(i;t;;:ga)p acities Time Concentration References?! !
o o Chen et al., Environ. Sci. Tech.
D001-Polyethyleneimine Cu 99 1.0h 2010, 44, 3508-13.
Sulfonated crushed Pb? 60 Lsh Bekri-Abbes et al., J. Polym.
polystyrene Environ. 2006, 14, 249-256.
Wieslaw et al., J. Appl. Poly. Sci.
Sulfonated polystyrene Ccu** 48.8 2.0h >50 ppb T .
Wil a1l S
” Mahmoud et al., ACS Sustain.
Sulfonated waste Styrofoam Pb 45.5 (pH=3) 0.5h Chem. Eng, 2015, 4, 819-827.
SPS microspheres Pb** 47.5 1~5 min <50 ppb This work
301 IR B A TP IaME, AEAEAA RZ OB RN, SPS
. Br THERXT P> [ IR R B TR] 326 FEA AN B 551, 72
T 20l 1~5 min AT SERRILIY, KB T SPS R
= 15| B KRR, BAIRGRK AN, REsbid
2 M R T
= — 33 5 5 2.3.250 7 pH *F SPS HHIRB M & 493
03 0 5 10 15 20 25 30 35 o 40F
B 8] / min Eﬂ 306
I8 Po” IR EREIR MR 2 1
Fig.8 The adsorption amount of Pb®* with adsorption time § 208
f£30 °C. 150 o/min 2fF . HHFFTEE) SPS 2 lor
BRI AN 25 mg/L PO ERGIATR M, IS [ o

I S THURE, S HTE 45 Pb™ R L PO TR
RFEI AL, SR 8 Fizn. B I (] 4E
K, PO UREEIZHIAE /N, UK SPS RN PO IR
RIZHANR, e TRERS. W 8 WTLIEH,
BEARLFEAE 5 min WEEA TSR WRBHEEZIRF R
IR 2 o, HAN PS SAoRAN T 5 5 1 [ Py A
WEFCBLR, WD, ASWETTH 2 K SPS TR B

1.0 15 20 25 30 35 4.0
WilipH
9 & pH X Po™ IR & AN
Fig.9 Effects of solution pH on adsorption of Pb?*
F£30 "C. 150 r/min fHIRFAT T, Aol —EWkE
Pb VAWK, i) HCL T pH, JIA SPS figkilt
AT, AHTEAE pH &, Bk SPS fERRT Pb™ TR

171



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

Bt sem, R aE 9 Fon. BEEEE pH AWk
i, SPS FERIIE P EIIAWHR, fJ57E pH=1.0
I P> BB 0.84 mg/g, IXJEHT7EMK pH 4%
TR, KEM H'S Po” #3584, FHH H IR
EATFHMESES T, Wik, €€ pH &4 T,
SPS TR I R ERAR B3 XA () H 4
233 PO Ak IREATR W E 49 F 0k

45+
40+ //k’_{
35k

30
25

P>t & / (mg/g)

20+
15F

10 20 30 20 50 60 70
P> TG B / (mg/L)
B 10 [RIEIIREXT Po" IRMIE RN
Fig.10 Effect of initial concentration of substrate on adsorption
of Pb?*

££30 ‘C. 150 r/min fEIRSEMF T, SURIRYIVILE
WEE, SIHTHCK SPS AasRkoxt Po" (W b i 5 A 4
IREEIRIR AR B 10 AN, BlEAE IRPIVIAA IR L)
10, SPS TYERXT Po” TR IR A SRR N 2 )5
BT, GREY], FWORGR SPS R BRI
EI’J sz*%ﬁ~%lﬂ’9ﬂ&5ﬁﬁéﬁ, LIREETHEE] 30 mg/L

» IRBfHEFEALRREAZL.

2M1$S&$%ﬁmﬁﬁww\%

N 3 F - - 2
250
> i
on -
g2
~ L
o IS[
= opof
2 i
5k
]
1
OFr e
0 10 20 30 40 50 60

B 1] / min
& 11 SPS Rkt Po™ HORR B REE 4R
Fig.11 The desorption curve analysis of Pb?* by SPS
microspheres
£330 “C. 150 r/min fHIRFFAFT, SPS ki
W PO 4 1 mol/L HNOs Wi, R WE 1. 18
AW, AN 1 min (EIA BP0, BB
15 99.81%. XK A Po* 51K SPS ki R
FERER HP, 75 H SR TEMEREE Y Po” 24T
B pUE 4, BT R HXE HO SR A i KT

172

Pb™", [HUt, Pb™ 7ESRERMEACIE N Al bkt .
23.5 SPS fhEk &R AL AT

AP F R VP IR BRI e 5 15 R R A,
A S @ BRSPS BRI H M R A e
PEo 12 Az, ££30 °C. 150 t/min TEIE244 T,
TR EIAME SPS X L FLI R RE R AR L, 25 R
BREAS YIREE A 5, HR R IHAAR,
BA BRI AN TEERE 2R BRI e AR e 1)
—ANEHBESEIRNR, ARTORILERT SPS ek iz
SRS L, XSHEPMEF 4 YR ) SPS kAT Fa s
AT, AERWE 13 R, ek SPS sk, HESAE
AANAR , FEANG FE B S AL FH Ik R A LT3,
XA PR 2 BT SRR LI R AR AR S 2R R

ITE SIS

TOF — — -m— @PH> W AR
ok — — = Wb R > SPSTUERIE ff & Pb? ¥4
_ ASPSTUERIL ff /5 Pb* ¥k
'_1 50 r m m om
B | 0 0 A [ A
Ew i 4 4 1 4 ¢ 4
1 1 / | / 1 ’
M 30 1 / 1 / ] ’ 1 /
:Eé [ /I | // | ’ 1 /
N L i VA
M [ v/ (s !
10 L l’ I’ [ ]
ol ! ! !/ !/
1 2 3 4
IEEERV €3

(& 12 SPS fREKIEIRIR B4 e
Fig.12 Cyclic adsorptlon performance of SPS mlcrospheres
Q ﬂ S

a %“h Qﬂg‘%

lum* Mag=5.00K x EHT=500kV  Date:28 Apr 2017
— WD=5.6mm  Signal A=SE2 Time:10:53:31

ATC-SCUT
[&] 13 ERRE SPS Tk SEM &
Fig.13 The SEM of SPS microspheres after elution

3 g

3.1 RHSHCREIEGHIICK PS R, il R AEm]
G5 FAE A I A R, HAZER B RS 6
P RIS — S50 A

3.2 RAKERBRIUERCK PS fEkifi &K SPS 14
B, I8 RAEMR S, FUE A I A, TERE A
[ 48 h, BHE L 1:40 g/mL 4% T #1451 SPS 1
BREEALEIA 0.560£0.01 mmol/g, SPS IR & 3h
T PS THERMTBK MR, BB KT,




MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

FPHLME R, AERE Tt s, HBL U EAERER
K.

3.3 4 SPS IR BA IR M P> eSS, 7E
5 min P REPREIA BT, HEAPEBHEE ST, 1 min
DA B 52 1 FE B 260K 99.81% . P B A FHPEBE LR,
M3 4 A A, IR IRREAE

(1]

Tan M X, Yin N S, Ying J Y, et al. A mesoporous
poly-melamine-formaldehyde polymer as a solid sorbent for
toxic metal removal [J]. Energy & Environmental Science,
2013, 6(11): 3254-3259

He B, Wang X, Xue H. The performance of chitosan/gelatin
composite microspheres in the wash-off procedure of reactive
dyeing [J]. Coloration Technology, 2016, 132(5): 353-360
Chong Y T, Teo K M, Tang L C. A lifecycle-based
sustainability indicator framework for waste-to-energy
systems and a proposed metric of sustainability [J].
Renewable & Sustainable Energy Reviews, 2016, 56:
797-809

TG B B2 FLIR A ORI ] 2% B SR i 132
] B4 T,2015,32(7):721-725

QIAO Hong-mei. Preparation of monodisperse porous
polymer microspheres and their antiphase chromatographic
application [J]. Fine Chemicals, 2015, 32(7): 721-725
AR, T, T 30 AR RIR L A8 IR AT SR A% T
BRI 26 L ARAELT] RS 4RE 12,2018,35(2):181-186

WANG Ying-ying, WANG Bin, HUANG Yue-wen, et al.
Preparation and properties of polystyrene/reduced graphene
oxide core-shell microspheres [J]. Fine Chemicals, 2018,
35(2): 181-186

FREELLVFSF, B, S5 DR AR IR M SRR LI e
% K BAARE RS RE4I1L T, 2018,35(4): 181-186

GUO Jun-hong, XU Fen, BAO Xue-mei, et al. Preparation
and flame retardant properties of oligophosphate /
polystyrene composite materials [J]. Fine Chemicals, 2018,
35(4): 181-186

Xie J, Zhong G, Cai C, et al. Rapid and efficient separation of
glycoprotein using pH double-responsive imprinted magnetic
microsphere [J]. Talanta, 2017, 169: 98-103

Tang Y, Li M, Gao X, et al. Preconcentration of the antibiotic
enrofloxacin using a hollow molecularly imprinted polymer,
and its quantitation by HPLC [J]. Microchimica Acta, 2016,
183(2): 589-596

Zhao C, Yu C, Liu S, et al. 3D porous n-doped graphene

[12]

[15]

[16]

[17]

[18]

frameworks made of interconnected nanocages for
ultrahigh-rate and long-life Li-O2 batteries [J]. Advanced
Functional Materials, 2016, 25(44): 6913-6920

Vanderkooy A, Pfefferkorn P, Taylor M S. Self-assembly of
polymer nanostructures through halogen bonding interactions

of an iodoperfluoroarene-functionalized

polystyrene
derivative [J]. Macromolecules, 2017, 50: 3807-3817
Dolansky J, Henke P, Mala Z, et al. Antibacterial nitric oxide-
and singlet oxygen-releasing polystyrene nanoparticles
responsive to light and temperature triggers [J]. Nanoscale,
2018, 10(5): 2639-2648

Yan W, Wang L, Chen C, et al Polystyrene
microspheres-templated nitrogen-doped graphene hollow
spheres as metal-free catalyst for oxygen reduction reaction
[J]. Electrochimica Acta, 2016, 188: 230-239

Gong C, Pinatti L, Lavigne G et al. Thermal stability of
endcapped and linear sulfonated polyimides, sulfonated
polystyrene, and Nafion 117 [J]. Journal of Applied Polymer
Science, 2018, 135: 45694

Wang G Wang R, Liu L, et al. Synthesis of hollow
mesoporous  carbon spheres via Friedel-Crafts reaction
strategy for supercapacitor [J]. Materials Letters, 2017, 197:
71-74

Weng H, Huang X, Wang M, et al. Formation of cagelike
sulfonated polystyrene microspheres via swelling-osmosis
process and loading of CdS nanoparticles [J]. Langmuir, 2013,
29(49): 15367-15374

Mahmoud M E, Abdou A E H, Ahmed S B. Conversion of
waste styrofoam into engineered adsorbents for efficient
removal of cadmium, lead and mercury from water [J]. Acs
Sustainable Chemistry & Engineering, 2015, 4(3): 819-827
Liu H, Zhou K, Chen X, et al. Graphene oxide-sensitized
molecularly imprinted opto-polymers for charge-transfer
fluorescent sensing of cyanoguanidine [J]. Food Chemistry,
2017,235: 14-20

Jeon J W, Kim D G Sohn E, et al. Highly
carboxylate-functionalized polymers of intrinsic
microporosity for CO,-selective polymer membranes [J].
Macromolecules, 2017, 50(20): 8019-8027

Qu J B, Huan G S, Chen Y L, et al. Coating gigaporous
polystyrene microspheres with cross-linked poly (vinyl
alcohol) hydrogel as a rapid protein chromatography matrix
[J]. Acs Applied Materials & Interfaces, 2014, 6(15):
12752-12760

(&858 229 71

173



R EmiB Modern Food Science and Technology 2019, Vol.35, No.4

174



