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Fig. 1 Schematic illustration of the preparation route to form crosslinked PNIPAM hollow spheres
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P(NIPAM-co-AA) 2508k, 72 %2 90% .
1.3 i@ P(NIPAM-co-AA ) S B9 & R
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mL) ,AA,0.0108 g, T 50 mL LB /K, il &
5,20 min J5%H], T 60CKIBTHERE. B4 12 h
J& A5 1B, S O HLLL 14000 v/min fY %% 34 43
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Fig. 2 TEM images of core-shell spheres (a) ,hollow spheres

(4.76% AA content) (b),and conventional microgels (c)

FIFH zeta HLALALIN AE T 5 4.76% F19.09%
AA ] P(NIPAM-co-AA) 25 > ERI1) zeta HELAv . 45 5%
R (B 3) B 1Y zeta FLAL5 500 - 3.6 mV Al
-6.8 mV. ZZ5 R B A0 BRFH Y AL AT, R
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Fig. 3 Zeta potential of the P( NIPAM-co-AA) hollow
spheres

a) 4.76% AA content; b) 9.09% AA content
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(D,) AR k. B 5 R &4 4.76% f19. 09%
AA ) P(NIPAM-co-AA) 25 .0 Bk 7F pH 2.0 ~7.0
Z[E] A R ik 3 (V/ V) B A2 4. & 4.76% F
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Fig. 4 D, of P ( NIPAM-co-AA ) hollow spheres at

different pH values

2.3 P(NIPAM-co-AA) Z L BRRIIE S
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Fig. 5  Swelling ratios (V/V,) of P ( NIPAM-co-AA)

hollow spheres at different pH values

45 72912 4%, Won il T RAFE IR RE .
BN 30°CIFIR , (AR R 4E, o il T 28
DER R RIAEEASRE S
700 14
650

i 1
60f o
o / 110

550F —— g

500} \ 18 o
450 >/ 1o

Dy, (nm)
O

400

n
350 D\
O

L s

300( _o-0-0-0

250 & I L L L L 1

24 26 28 30 32 34 36 38 40
Temperature (°C)

D\D
\D—I:I
1 1

Fig. 6 D, and swelling ratios (V,/V) of P(NIPAM-co-AA)

hollow spheres with 4. 76% AA content at different temperatures
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SYNTHESIS OF pH- AND THERMO-SENSITIVE P(NIPAM-co-AA)
HOLLOW SPHERES VIA A ONE-POT PROCESS

LI Zhenquan', QIAN Jian’, CAO Xulong', SONG Xinwang', WU Feipeng’
(" Geological Research Institute of Shengli Oilfield Co. Ltd. SINOPEC, Dongying 257015)
(? Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract A novel approach to prepare pH- and thermo-sensitive hollow spheres based on a precipitation
polymerization method has been demonstrated. The poly ( N-isopropylacrylamide) (PNIPAM) nuclei formed in
the nucleation stage played the role of non-cross-linked templates, on which cross-linked poly ( N-
isopropylacrylamide-co-acrylic acid) (P(NIPAM-co-AA) ) shells were formed by adding a cross-linker N, N'-
methylene-bisacrylamide and acrylic acid to the aqueous solution during the following nucleus-growing stage. A
“self-removing” process was found to take place when the temperature of the reaction solution was reduced
below the LCST, where the non-cross-linked PNIPAM nuclei spontaneously penetrated through the cross-linked
shells to form the hollow spheres. The hollow structure was confirmed by TEM analysis. The zeta potential
analysis indicated that, the shells of these hollow spheres contained carboxylic groups derived from the
polymerized acrylic acid. These hollow spheres were characterized by light scattering analysis at various pH and
temperatures. The results indicated that these hollow spheres could well respond to the change of pH and
temperatures. As the pH increased from 2 to 7 ,the volume of the hollow spheres with 4. 76% and 9. 09% AA
contents increased by about 12 and 18 times, respectively. As the temperature increased from 25°C to 40°C , the
volume of the hollow spheres with 4. 76% AA content decreased by about 12 times.

Keywords Thermo-sensitive, pH-sensitive, Hollow spheres, Precipitation polymerization





