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S S FERNBEMERERI TR R RE
ThEL B34 FEZ

(TR AR EANESETER #E 610041)
L Z

(PEBFRAFFRE K 100080)

MO RRERSEE LAOGH TR BT RECE AR RIAMT UEF B R
BN Fe, O,/ P(St-NIPAM) (PSN) 1 PSNN SR T £ . 45 40 | B WA 5 4 71 90 B AP 42 9 0 47
TRE, SREUMBRORES W RESA A, HEYRERE T, 5 NIPAM 45 1938 i F
i, PSN 1l PSNN R A7 S A BEA RLHE, HH ok 30 ) PR R B A 0y AR i ol -
iR AR, B, BOR, RIE

Hi, SR YRR EURRES W, 13- M A RS #) 16 0 B AU T S b6 E s
WL ABRHNE, FFESEE SR BN THER/MIWELERE, mBE. /.
R 6 HpH %, B SR EHRR A REHESY, B MR R R W
HEEHEARFNHE, B N-R 9 EFN BB (Poly- N-isopropylacrylamide, PNIPAM)
B A IS R BRI B (Lower critical solution temperature, LCST) 4 #4844 %1, HEREF
EHME BERESYEE. B /L. MRS BT LB S T i B R E AR
2 A MR TENEATR. IRMRBRE R (S)ERM BN HKX
" R B R N X — MY S Y B R R A . Hoffman! S 8 IR MR TIA B
PNIPAM # B2 G % o1, 8 2 8 . pH 8 X & 8 =& 5 & Tanakal*! % ¥ it & 8
(Chlorophyllin) 3£ 3 2| PNIPAM 7, 183 A& S 80 B Sh s i B s AL Fe, O, BENL
PR R, & T B S R 154 1 4 TR

A TR AR, LAEHE, TR, 2 EF BT & BRI R B
B4 FRORETE S G T RAE, FIRY, R SO BUDRLEE AT OO L TE KR, &
FEE TRREHFEERET T RE, FIRERETtE.

1 EREH

1.1 &N

X2 (RNHLERF LT, 474, & 10% NaOH F HBRFELIEH .

N-RFG LGB ( N-isopropylacrylamide, NIPAM, Aldrich, 97% ), &2 1:1 8y Hax
/FEREBESRELR, BMETR.
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N, N -THRENFHERE (N, N -methylenebisacrylamide, MBA, dE 5t 1, {b2%
#), B Z, B (PEG, M, =4000, iR &, REXEHALEGERLAA, HO0HFK), €4
LR (T4, FeSO, - TH,O( 4 M 4, LR MEIL b T ), ST MRk 48 (KPS), KA Ll
AN, REH— LWk, BEEH.

1.2 &8
1.2.1 Fe;0,/P(StNIPAMY(PSN) BRI A B 45 6.0g BZ ZBMARI%E 66mL Z

B, 39mL K 10mL Fe,O, BEFAR(E #l, 4 = 50nm) B I FH . 3 A N,, ££ 300rpm &K
#F, #EHE 30min, I 4.0g NIPAM, 11.0g St LL & 0.45g KPS, ## 30min /5, & 70C
F, R 24h. FEH & 2 F #EAr %, BB BEE, A 1mol/L HCL R0 48h, Bik ik, B 5 &
.
1.2.2 PSNN R4 % 4.0g PEG IDAFIEF 2.0g PSN BRI 100mL 7K A9 0
Hidh, i@ N, 300rpm FHEE 40min, A 0.09g KPS #1 10mL 74 0.5z NIPAM 1 0.05¢
MBA /K& #, 7€ 70°C F R 40min J5, FFER# I0 20mL %5 F 1.0g NIPAM §1 0. 10g MBA
MK IS, 1. 5h & 5E, k£ K 6h, I3 F| PSNN sk, =4k, A8 E&A.

1.3 HHEREROET

LIAMEE BEGE 65T T, HZE T12 24h, KBr KR 5, Al MX-IE(FTIR, USA) Bl 4L
FhEE R 2

PREE BENTEET,HEWESE. H AMRAY-1000 R ERMERENR, B2
EXBAHTASZHEIHTEN ER LR ELES N, HHERERE 4T 800 4.

BN PRTE 65C TEZETHR 24h 5, A DSC-7 BU(PE, USA)REFH EH (L
EHEYH T, ARIE, AREEH 10T /min.

Fe; O, TEMME #HRTE6ST THETH# 24h J5, 28 RIS, H 4100ZL(PE,
USA) EFRUEEIE N EHSR.

B(N-RREASBERSRANE BHROITEREE. ESCTEZTH 240, A
1106 B (Carlo Erba, Italy) TE XM ER S ®.

BN E 0. 1g MBS BUT 10mL KFHE P, £ 4200 HHTEEn 5 &K 5 R IT
B—EnRtEfE, S E 40> ~hEw, B 721 "X XEH(mIELN)ME
580nm i< TELCE.

HEMRE SR FKERS, B SALD-2001 H(Shimazu, Japan) ¥ Y6 8 51 bL B
H {8 ( Laser diffraction particle size analyzer) M E A AFBRE THRMREIHEER

(Hydrodynamic size).
2 ZR51
2.1 WERMBRESHWIR
& 1 % PSN fii PSNN R e E, R o FEEHEREo R ERM(E2).
P 3 & FeyQ,/PSt, PSN BRI RE LM E, AEHF W, Fe;0,/PSt KR NN,

i PSN BRSNS A AR 28K, X T ERE SR K EE NIPAM R#EK
HhElk St EFRAAHPILE, R VSR, FAKESY PNIPAM B B TKEER @i
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BRREER, (& RERA TR RE FRAKERHIER, RE A REFRRE L R —ERKE
BE.

a)PSN, b)PSNN
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Fig.2 Histogram of PSN and PSNN

Fig.3 Scanning electron micrograph of FeyO,/PSt and PSN
a) FeO,/PSt, b)PSN

2.2 RaPpNERST

2.2.1 £HMX6HE ARIEPRAEN A X OCHR[7]14R5E, PNIPAM A UL T HFE 3, 1647cm !
M1541lem " I BERE (T ) K ®R (), 3300cm * ~ 3440cm ' 2 N—H {8 48 3k 5 14,
2875cm ™ *,2933em ™ ' & 2972em ' C—H B4 IR B8 ; 1460cm 4k H—CH, B AR #R

iRz 4;1385em ' B 1365cm ' A REE LW H R HRBL RSB S 4 N0 R
g XU .

B 4a N Fe;O,/PSt L HMEE, 7 2000cm ™! ~ 1668cm ™ ! K,y — £ 5 (K 38 BF (9 3%
H RN ¥ C—H WS MR 36 3 -5 R BB, 1600cm !, 1580cm ™1, 1500cm ™ I
1450cm ™ W RIE L T H G FERE, TT 760cm ™1 690cm ~ 45 N BB K A 09 4%
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£ H 3 Fe;0,/PSt-NIPAM R 41 513 B
(M 4b) B B W LR B, BR R A PSt MEFE
B M S, 7E 1647cm ™' 1 1541cm ' 4 A BE
Be( 1) BBl (1) A9 R4 T O, 1385cm ™!
1 1365cm " 4b A 5 PI IE09 R IE R HOKE, UE
LT ESHF PNIPAM HETE.

2.2.2 4 B S BBEEREY DSC i £,
Hedr a N Fe;0,/PSt, b, ¢ & FeyO,/P (St-
NIPAM), ¥ PNIPAM B & B 2 51 %
3.07wt% (b)) 1 11.24wt% (c). NE LA
AUEY, TEEEWE | MEBLEE
BE(T,), XEHFEGHMESHER ML
W EREAENIEEYTHERSEYH
XEW. £1 5 E | Fe;O,/PSt & Fe;0,/P
(St:NIPAM)ERMHH T, H, ANEER
£ PNIPAM SEME M, T, BZH A=,

PNIPAM B #11y T, K 134CU), FIA AR
(DRAFHHE LR WA R T, 8, &R

FIFH 1, AT LRSS BRI BEBRVHEN.

I/TS = Wa/Tga + Wb/Tgls (1)

Table 1 T, of Fe;O,/FSt and FeyO,/P(St-NIPAM)

PNIPAM wt% 0 3.07 11.24

T (T HEx.) 105 105.80  109.60

TACNHCa) 1905 105.83 108.05

2.2.3 MROTRE HTHEEMMEER

Transmittance
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Fig.4 IR spectrum of Fe,;O,/PSt and
FqO./PSt-NlPAM
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82 1 EEPUR - daa Fe, 0,4 B AL, WS Br B YR Fig.5 DSC curves of Fe;0,/PSt and
HRRBHE T Imol/L B &+, — F 8 [H Fey/O,/P(St-NIPAM)

5, BOE S, Biik, TR, BRTFREOEEN SRS 8, HEFWE 2 iR, fLARSH]
MR 24h 2, BT EMEABRN, ST ERREFHEEN Fe,O, RRBEME R
B, 48h 85 B RAE S 29 B Fe,O, B EMRIRENEREAK PR
HHERER, — L 48h BHJG Fe,O, HIFE 2R, Fe;0,/P(St-NIPAM) £1h 88 48h
B, S BIVETHR, R M T Fe;0,/P(St-NIPAM) ZERK, 4t F BRI 2H Fe,O, B
BAMMERTS. ERBRNEREE, 221 XBHEE, MERYF FaO, HEBHAYT

BE, HB iKF 84 .3mg/g.
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Table 2 Content of Fe; Oy in Fey0y/P(St-NIPAM) after dispersed in 1mol/L HCl solution
Time 0 hours 24 hours 48 hours 72 hours 6 days 21 days
Fe (wi%) 1.17 0.92 0.87 0.73 0.64 0.61
Fe, O (mg/ ) 161.60 127.07 120.17 100.83 88.40 84.25

2.2.4 WERMBBESS  PNIPAM BERHGRAOHMBES T TH S HINAME, G
FENAG I, BERFE I KO B, B R R R, RS AR E, Rk FE
M MES, Ko, Rk el e tiE
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Fig.6 Hydrodynamic size of microspheres in double. P55 8 B B A JE IR B4 (PSt), HobL 2 Wi 4 =X
Rk IR E 5 PNIPAM(KR & LB 4) KEEB #
BRA B, — SO HROE B BB PNIPAM KRR S L BE KT 50%.
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Fig.7 Transmittance-time curves of the suspension solution of thermosensitive magnetic microsphere

a) magnetic separation, b) deposition

2.2.5 BROIBEWNYE  HERA R SRS R BT KB, B E 2R
N EEFES, BEAERRGEL, SRME T R, B 7a T H, HEREE L émin L H
R mE 4y 85, HB BBt 95% , XA R P40 E, MigskEd 5 AV 2h 5, BXE
th B EEIEE 90% (B 7b), 7 WAMERMI R SR ER AR
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PROPERTY AND CHARACTERIZATION OF POLYMER MICROSPHERES
WITH MAGNETISM AND THERMOSENSITIVITY

DING Xiaohin, SUN Zonghua, WAN Guoxiang
( Chengdu Institute of Organic Chemistry, Chinese Academny of Sciences, Chengdu  $10041)
JIANG Yingyan
{ Institute of Chemistry, Chinese Academy of Sciences, Beijing  100080)

Abstract Thermosensitive magnetic microspheres were characterized by infrared absorption
spectrum (IR ), scanning electron microscope, atomic absorption sepectrometry, differential
scanning calorimetry (DSC), laser diffraction particle analyzer etc. The results indicate the
size of microspheres was Gaussian distribution, N-isopropylacrylamide ( NIPAM) could
copolymerized with styrene (St), and the glass transition temperature (T,) of copolymers
increased with increasing amout of NIPAM. The content of Fe;0, was about 20~100 mg/g
in the microspheres, which showed strongly magnetic response. The hydrodynamic size of
thermosensitive magnetic microspheres was dependent on temperature and shrank about 10—
20% above the lower criticle solution temperature (LCST) in water.

Key words Thermosensitive, Magnetic, Microspheres, Characterization



