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Preparation and adsorption property of poly(acrylic acid)-based
polyHIPEs through polymerization of O/W HIPE induced
by 7-ray radiation and REDOX system

SONG Yuanrui, LIU Huarong, CUI Xiaoling, TAI Chen, CHEN Weijian, LYU Zhijun
(Department of Polymer Science and Engineering s School of Chemistry and Materials Science s
University of Science and Technology of China, Hefei 230026, China)

Abstract;: Porous poly(acrylic acid)-based polyHIPEs were prepared by the polymerization of oil-in-water
high internal phase emulsions (O/W HIPEs) initiated by y-ray radiation and redox system, respectively.
Compared with normal dried gel materials used as hydrogels, polyHIPEs prepared from O/W HIPEs have
higher porosity and a more uniform pore structure, and their pore sizes can be adjusted by changing
internal phase volume. Observed by scanning electron microscope (SEM) ., polyHIPEs obtained by y-ray
radiation polymerization were found to have a more ordered and completly porous structure than those
obtained by redox initiation system. The adsorption tests of methylene blue (MB) on different samples
showed that compared with those prepared by chemical method, polyHIPEs obtained by radiation method
had a faster adsorption rate and a higher saturation adsorption capacity. The sample R-25-48 of y-ray
radiation polymerization for 48 h with an absorption dose of 151. 2 kGy could adsorb up to 1175. 9 mg of
methylene blue per gram in 250 mg/L. methylene blue solution, and the sample R-25-8 of radiation
polymerization for 8 h with an absorbed dose of 25. 2 kGy could absorb a lot of water, up to nearly 120
times its original weight, which means that they-ray radiation polymerization process affects the structure
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and properties of polyHIPE materials. The adsorption isotherms and kinetics models were used to fit the

adsorption experimental results of MB on polyHIPEs obtained by y-ray radiation polymerization. It is

found that adsorption isotherm fits the Langmuir model and adsorption kinetics conforms to pseudo-

second-order model, which indicates that the adsorption process is dominated by chemisorption with the

mechanism of monolayer adsorption.

Key words: porous materials; oil-in-water high internal phase emulsions; acrylic acid; radiation

polymerization; methylene blue adsorption
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Fig.1 Schematic diagram for preparation of porous
polymers by polymerization of high internal phase
emulsions induced by redox
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Tab.1 Recipe for preparation of poly(acrylic acid)-based porous polymer materials under different conditions
Sample Internal phase External phase/g o
number /mL AA AM MBA H,O NaOH X205 Initiation method
C-20-0. 05 20 1.8 0.2 0.05 3 1 1 Redox
C-25-0. 05 25 1.8 0.2 0. 05 3 1 1 Redox
C-30-0. 05 30 1.8 0.2 0. 05 3 1 1 Redox
C-25-0. 1 25 1.8 0.2 0.1 3 1 1 Redox
C-25-0.2 25 1.8 0.2 0.2 3 1 1 Redox
R-25-8 25 1.8 0.2 — 3 1 1 Radiation-8h
R-25-16 25 1.8 0.2 — 3 1 1 Radiation-16h
R-25-24 25 1.8 0.2 3 1 1 Radiation-24h
R-25-36 25 1.8 0.2 — 3 1 1 Radiation-36h
R-20-48 20 1.8 0.2 — 3 1 1 Radiation-48h
R-25-48 25 1.8 0.2 — 3 1 1 Radiation-48h
R-30-48 30 1.8 0.2 — 3 1 1 Radiation-48h
(3] “redox” R fLIE 51 % HIPE ® 4 ;“Radiation-8h” H7EH| & % 52.5 Gy » min! FHRIR 8 h, Hofl R ;" IR B AT,
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2 v
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Fig. 2 Stability of HIPEs(R-25-48) at (a)30°C , and (b)50C
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Fig.3 SEM images of porous polymers prepared by
polymerization of HIPEs with different internal phase
volumes initiated by redox initiation system
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Fig. 4 Swelling performance curves of different
polyHIPEs samples

800

700- I

g"

600{ =
5004 «
400 »

30090 1 . = R-25-48

200 :‘ e (C-25-0.05

adsorption capacity/(mg *

1004,

0+ . . . . .
o 1 2 3 4 5 &

time/h
5 AEGSIRARFENEREERT
%t 150 mg + L™" MB i i i W% Bf #h 25
Fig.5 Adsorption curves of two samples prepared by different
initiation methods for 150 mg « L™' MB
solution at room temperature

2.4 3lEAFXI MB TR B BE B 22 1

i i R R R e S N T oy
X MB W Fff A S0, 40 1 5 FF s, Bl LAE W 68 Sk
il 28 B FE i R-25-48 By W B4 i BH S P T fb 2%k il
& IYRE S C-25-0. 05, FE W B 380 53 BT e, SF- £l I B o
WK, 3 R Ok e s o & A =R R R AT, Hefk
SRR E KRR, Bk O/W HIPE T & . 15
AL S B B LR ) polyHIPESs 4544, ) SEM R
AR 3Ca) FilCed) XF H &, 48 Sk ml L3RS &
JINTE XS] 0 A B B 22 fL S5 H L T A R T R




1120 TEAFHRRXFEFIR

2.5 & R25-48 HRMHIER N NZEHR

DI IR 48 h (W) o 151, 2 kGy) i 45 /Y
R R-25-48 ARER R FY T % AE S X MB i 105 fh
MLER RN B 80 T % 46 2 J5 W1 4G pH X i B 1
fiE 1 52 ) LA R 5 i 2 T PR R A 5, LLAR B 4
Je BERERY .
2.5.1  WRRFHLA

EAE 5 Ff MB W& B, ML TR i R-25-48 FEAN
[F) e B T i B ) ) W B ot 2, an 1] 6 Ca) B s AT LA
F o AN Rl ve BE MB s W A% W Bl 2 #8 2 B i T RS
it 5] A AR L vE g K e DS 18, 8 R D B
L BT Ty T = e A -3 = N slp v 1 A /i ]
H b g MB % W) 46 R B2 i 3G 0, B8 a3k 21 02 B 7
A7 o 5 FSF TR B (] Bk - 47 2 B B K. 3 3 1] 6
Ca) 25 1l A b 1) R o 4 Tl 2 A IRT 6 () s 5 43 331
i Langmuir #1 Freundlich & Y ¥ $] 2 W B 45 IR
2. Horb, Langmuir 45 I 4 55 83 {5 15 W B 7] 3% 187 34
57 JH vl W B R4 43 A R R 7D 3R TR i — )2 W RS
JZ 5 T B R 55 R ) 2 1) A A ELVE D 9 EL O R
MB™ & 1 1) Jr A 45 & 0 0B & ¥ 4 s n
Freundlich 4 ik £ A5 51 D) {2 152 W% 66 & A 8 W B 500 7
e o R b, I BB 0 B AT DL AR IR R B 2R T
Z 2" Langmuir BRI 2408 000 (D),
Freundlich £ %Y ) 28 M JE 204N =X (5) I 7

C, 1 C,

- 4= 4
q. qub, qm

1
Ing, =InKr — —InC, (5)

ngr

KA C, (mg « L) Ry W Bk i s i % MIB ) o
BEiq. (mg = g ') R W BV 55 55 58 polyHIPESs #
i W M MB RS R &5 ¢, (mg ¢ g ') A E T
polyHIPEs # it 1 f¢ K W B BT &5 6, (L« mg '),
Kp flne 250 5 WHEE A M HEL LLC, R
BEARAR L C, /q. IR EREHL Langmuir A7 [
LM RE L WE 6o Fian; FEE, LA InC, b Ak
FroIng, AR FR, AE L Freundlich %1 1) £& 1
KR LI 6 BT, BRI 2 10 45 1 51 T
F 2, UFEH Langmuir BRI RE(RD HE
BT F 1,88 Langmuir B8 6 4 5 iR T 0% B i
BB DA B A3 2 0 B 00 O X R AR TR 2 LA R
) 2 1fi

F2 FIAERMVIEEINER

Tab.2 Simulation results of two different adsorption mechanisms
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Fig. 6 (a) Adsorption curves of sample R-25-48to MB
with different concentrations at room temperature; (b)
Adsorption isotherm in MB solution; (c¢) Adsorption
isotherm simulated by Langmuir model; (d) Adsorption
isotherm simulated by Freundlich model.
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Tab.3 Simulation results of the two adsorption kinetics
Pseudo-first-order Pseudo-second-order
Co qbuxp
K . Geocal K,
/(mg-L " /(mg-g ") Qe : R? R2
/(mg+g ) /(g*mg ! *min ") ‘ /(mg-+g ") /(min™ ") :
50 247.9 84.9 1.1438 0.9734 259.1 2.30X10°° 0.9997
100 494, 2 180. 3 0.9167 0.9773 515.5 9.37X107* 0.9998
150 731.6 323.9 0.75312 0.9738 769. 2 4,44X107° 0.9993
200 966. 1 501. 3 0.57349 0.9736 990.1 2.51X107° 0.9988
250 1175.9 702.0 0.47597 0.9802 1189. 2 1.63X107° 0.9967
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Tab.4 Comparison ofthe present work with other reported information

Adsorbents Adsorbate  Maximum adsorption capacity/(mg * g ') References
XG-cl-pAA/rGO hydrogel composite MB 793.65 [2]
Superporous MCC/poly(AAmf.cofNaAc) /r-GO MB 480 r18]
(L) nanocomposite
MGO/PNAhydrogel MB 625 [19]
PAAm/CS/Fe; O, hydrogel MB 717.5 [20]
FS@CS-PAA MB 913.47 [21]
Cellulose-SH MB 756 [22]
S-polyHIPE MB 487.5 [23]
PorouspolyHIPE monolithic samples R-25-48 MB 1175.9 This study

3 g

KPR & X5 % O/W HIPEs ® 4,
Ry £ B R A 2 fL 45 B poly HIPESs #4
eIy NS Nl NI O I A 51 5 X I = N |
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polyHIPEs %I MB 1 W Fff & 5 53 22 W B #1134, Jf:
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TR E YRR, B, AHE 5T R i A F K B i 40
W ZIL R AR T —F R 0w & s A
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Yo} 25 I K B A R0 o ).
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