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Abstract: Micro-size magnetic polyvinyl acetate microspheres were synthesized via a modification suspension polymerization of
monomer vinyl acetate, cross-linker divinylbenzene, initiator benzoyl peroxide, and stabilizer polyvinyl alcohol in the presence of
oleic-coated magnetite (Fe;0,). Then, surface functional modification was performed. The morphology and properties of the magnetic
microspheres were characterized with the scanning electronic microscope, vibrating sample magnetometer and Fourier transform
infrared spectroscopy. The results show that the magnetic microspheres are in the size range of 1um to 7 pm with a mean diameter of
3.8 um and relatively narrow size distribution; the saturation magnetization is 15 emu/g with super-paramagnetic characteristics.
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PAERF T S RESE A & Bl H /b . Ugelstad 2510R
H 2 B IIEA ™, files 1 B B R RGP L
BROFOE by, [z T 2R, 7R
I, ATHIA IR E ORI RS A S B Bt . A5 LR Tk
o, BRI RGVEN RS R AT, E TR,
HA B AR E AT B e R i, H R AR
RAVER & RV RRAR H A LT 2 LB ek 2
[f), RALs A e, ORI LER AR /N, Rl
TR RAR, PR T . B

SEE PR H o BRI A, il O A
i, 8 TRARAE RN OK 22 1) (R 1 SR I TR £ 0
liE(polyvinyl acetate, PVAc)flEK, FHXIfEkidtiT T
KT reREEE M o F HF4 FL 8 (scanning electron
microscope, SEM). 1% 5 HL - %l {3l B¢ (transmission
electron microscope, TEM). a4 i i 51 (vibrating
sample magnetometer, VSM). Fourier 28 # 2T #p itk
(Fourier transform infrared spectroscopy, FTIR)ZAE

/e AR SN2 T
15 L)

1.1 EFEiRXFA

I 12 £, 445 B (vinyl acetate, VAc)Fl — Z i K
(divinylbenzene, DVB)A 73 Hraliilil, £y 2510
Fr 22 BHER 71 1 2846 K H i (benzoyl peroxide, BPO).
X L) (polyvinyl alcohol, PVA-1788). 4 SN
Piv L. IR W NHyHOL - HIJE I i
(dimethylformamide, DMF). HEE. S5 LH. &
BARTR Y A o3 i Al AR, T I 249 4k 2%
ATl FeCly4H,0 Fl FeCly6H,0 #4422tk 71,
H R 244 27370 ) B s S KO 28BS 1K
1.2 HEREE Fe;O4 & TRIKBIHI &

K Sk R LT iE vE i £ T BR EL B 1Y) FesO4
Fitk, M ¥ 23.4 g FeCly-6H,0 il 8.6 g FeCly-4H,0
BT 600 mL 2 B 7K, PR (3 o4 1000 r/m)
HWAET. THEE 80°C, M 35mL iKE K, $%
FHWN 20mL WR . 20 min J5, MWk B L L
EEWR, HEBTRKREHERR L2 RIMmR, R/
PR CL A 1) FesO4 HETLIA
1.3 EEMERERRIHI&

TEREA MM HE . BN AR R Y
TR 2 L BAE R SO S8 NN 1000 mL /KA1 25 g
PVA. 30 g SALENAID SV LS BEPE T2 KAl -
20 g WER 1) Fes04. 90 g VAc, 5.0g DVB Fll
5.0 g BPO WRGTEHGMIAH, 7EZVRY T I RN 55

t JETEECN 1000 r/m, R 50 CTHE
70 °C, 7E70 C &M 2h JaTHE % 80 ‘CH &MY 2 h,
AL 2h BHIE LB PR IETE, Wy 2138
FEOREYE PVAC 7> TR
1.4 EKHIREINAEILIEH

U PVAC Tk 4.0 g, FHFFESEDE 3 Ik, &
TRATURSETE S WU P35 R0 [ 0A5EE 1) 250 mL
=R, IMAFEE 80 mL. A 1 g
MEBT/K10mL, #itdE, JHEZE 50°C, &MY 5h.
RN EER G, BTGP =e 258 T K Pe B 2 25 )5
19 30 N B A R (—OH) R RE Tk J0RE o 1 i S N
Js BTSRRI DMF 3596 2 2%, A 50 mL 344
SANBEA 50 mL DMF, 1E 45 ‘C v 12 h, 15423 M
IR SE RGP E R . B M RORE KT VR
3 RJE NN 50% 1 & —Jfs i 100 mL, 7E 70 °C & B,

10 h, JR P45 H 7K 22 U Y rs 238 i & 2 35 1)
fiG A AUR
15 & fiE

FJ SEM(JSM=6700F, JEOL, Japan)#fll TEM(H—
8100, Hitachi, Japan)WLI@VETAERIFITES . Riie Al
WlEit . FRAR X STZfiT8 (X-ray diffraction,
XRD)Y T A AR (1) S AH 2544, Cu $E K S £k,
P A=0.154 nm, FHHVEEY 20° ~75° o FZHAE
43 HT (thermogravimetric analysis, TGA)¥% ¥ 4 (1) it
HIUFRAS R AR S . H VSM(model-155,
digital measurement system )l 5 % i P RO (1 4
P . HH AR ¥ FTIR(Vecter 22, Bruker,
Germany )il 72 V£ Bk 190 26 1 ) fig 2 A& A

2 ERHm

2.1 EAMERERRYE &

KB R BRGNS T RARAEEIOK B 1)
M PVAC TR A48T R A UK AU R
DARB R0 A I N AGE 77 LABH L0 60T, 4141 X
e AR LT B8 E oK IR RORE, - BT A3 3k L
i/ BoRiAe s Anid e, BRI T eI H e
TR 5 58 -G W) 1) s ARl 5 P LT I 4 v 40 e o 2
OUFL By o ) R hnfs e A SR se L, e
0 5 S AT AR 2 U A, (H R RIS, R
MAERERR 2 . ERIFRAT, &R RR A4S
R/INBE NN RS E A1) BB g, 3G s e 71 H
i, BRTRSEUERASS, R LIRSS R, A
IR T E R Y TRy ¥ I

WA E VAc. Bkt Fe;04 BEA. DVB Al
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BPO 41p%. H iR MR M5 KPE Fes04 11
TEM H Wi 1 fros, v LA H R K200 8 nm,
I B R

1 SR MR Fe;04 41K 0K TEM [ 7
Fig.1 Transmission electron microscope (TEM) photograph of
oleic acid-coated Fe;0, nanoparticles

ML MR 1) Fe;O4 BIUKLIK) XRD 1% 41 18] 2 fir

ATLLE s B Fe;O4 FE A 6 AN £ 2 XRD U
IFTH QO IRAT N T Fez04 94220} {311}
{400% . {422}, {S11YHI{440} F4T, Af LR E 2R
AT SR IE FesOg JI0RL, AT R U (1) 2l Fi 2
B . TLIE S BERE, BKYE FesO4 HEM AR S
5 VAc. DVB F1 BPO 41t HAHRA TE 3~
A . AT HRE R PVA Fl NaCl 40K . 7EH
PERIBUBRES UIVE RS, A — 5 T A4 e 48 /)~ 1)
WO, 53— T S E AR AR R R KRR, O
TE— &AM, IBRNZE .

20/%)

B2 KA FesO4 BUKL XRD 1%
Fig.2 X-ray diffraction (XRD) pattern of oleic acid-coated
Fe;0,4 nanoparticles

N T G BT R A RN R RE, 7R 2 LA
FEIE IR N i B T 4 M PSR, R
i 1000 r/me R B 1) PVA FERRE T, B T F%
IRtk Stk 246, F R -8 B ER -
SERG R, T RN PVA (RS A FH RN BRARASORE (1) R

SEL N KA TR A 2.5% 1) PVA-1788 1R R4 2 7],
IS/ SR e PR A =i 13 €2 NI DI 1A 59|
(A SRR 0.1% 2547, )

N T B VAe TEKA T i, fEKAT A
3% NaCl, PARHIEILFzKAHS 9 #. h TIRUF
1R TR A TN IR o 8 K 0 et ARG, T AN
e B AR B 175 7K A I e N, TR K AR
O T /DR BHRF AL . S5 ERE M RE
RAEMLE, M 2L R EHER, A 5%H
RS A BPO v LSRRG, A — PR Pk
WA Wil S R, H& W PE PVAC
WURL I AME SRR A B 3 I 4 fio. JEad
Giib ANIF SEM HE K Z) 300 AR A0 :  H0kE
FPRIARAE 1~7 pm, ~“FIRAEN 3.8 um, KifR oA
FHX A

3 BRBTERGEGIR W PVAC ORI SEM [ )

Fig.3 SEM photograph of magnetic polyvinyl acetate (PVAc)
microspheres prepared by the modification suspension
polymerization
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Fig.4 Size distribution of magnetic PVAc microspheres

prepared from SEM photograph
D,,—Mean partical size of PVAc microspheres.
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Kl 5 0 bR ek R Ak I EYE PVAC
WORLY TEM MR, wTRUE e BAVESR S PIRTRLIY
JEEBAE T BEmIBkIE, WA B4 B IR R 1
PE FesO4 BRI 0 T e ok Ak & &, X
T PVAC TUBRIEAT T #Irtr, 193] FesO4 fEMETE
PVAc flERF ) i Lhik 2] T 22%.

200 nm

K5 o R BIF R AL M HEE PVAC TR TEM [ 5
Fig.5 TEM photograph of magnetic PVAc microspheres pre-
pared by the modification suspension polymerization

2.2 EMREkRY RIS

767 NaOH fEALFI B, PVAe KA
EE AR e 2 AL S N, AR PVA, Tk E6I4 PVA 1
WL, HRNHEAPR: —FE PVAc PR
A Jz .

+cH,—cH T,
(I) NaOH
P +CH=——f{CH,~CHT,+
o by
CH;

CH3;COOCH; (1)

P —F 2 PVAC 84k [ N

+cH,—cH T,
(|) H,0
| +NaOH ——> {CH,—CHT; +
¢=0 o
CH;

CH;COONa  (2)

RGNS AR, T NaOH Bf#EHIR, i
P i, P S N AT (3 LA AR o
R BN (1) A B2 (2) 2 B PVAC TER IR

MIhRefb e, B 6 45 H T kM PVAC 7EREfR B2
PNV RIS VG ) FTIR %, "LAE e RNRT
Jri FTIR WS AR BT S, S S, 76 3450 cm ' i
1B T 8 1) PVA FE5E O—H 4 i sh Wi i,
MR VHT 1721 em ' 4k, PVAc BEFEER) C=0 {45
EHIETE I i B 0858, 1273 em ' BEH C—O0—C
SR FR A 45 Y sh i g e ok, U R
PVAc B B 2 Ak 5N AT 15 LR TS o

(=
v
<t
o
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Kl 6 HhTE PVAC RERBAL VTS ) FTIR 3
Fig.6 Fourier transform infrared spectroscopy (FTIR) spectra
of magnetic PVAc microspheres before and after ran-

sesterification

1—Before ransesterification; 2—After ransesterification.
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K7 Btk PVAC RlERE AL SN A K FTIR %
Fig.7 FTIR spectra of magnetic PVAc microspheres before
and after ammonolysis

1—Before ammonolysis; 2—After ammonolysis.

W 1735 cm ' 4b C=0 WS FEAL SN I 3658 o

8 J& S 5E (I TE PVAC POk iR
IR ZE, ATUAE . CRG IS, SMnkEs
T 0 B, A AR R ) Y B T 0, W]
DL s R TG A I i (A P ok 24 LA R R o
T A2 DR A 2 T B8 T R R IR K 1 Fes Oy RETRAR [RE
RRZ10 8nm, FERILHEBEYE, R E NI
T, FesO4 AR AAATISR LA/ A 8 nm [RIRL T 73 8L
T PVAc EkT . K 8 kR REYE PVAC ERAE
RS RTT 1 LE R SR TN 15.6 emu/g
F15.0 emu/g, BEHIERTE GRS 16 G ARRIRE (b b
JEEWEAT FRAR,  — 7 T 150 W 2 10 0 e A A8 5o ek 1)

15+ o PVAc
¢ PVAc-OH

Magnetization/(emu-g™")

= 1 1 1 1 1 1 1 1 ]
20—10 % 6 4 2 0 2 4 6 8 10

Applied magnetic field/kOe

K8 ik PVAC TSk A8 Ui i AME U R Bk A4 HH 2%
Fig.8 Vibrating sample magnetometer (VSM) magnetization
curves of modified and unmodified magnetic PVAc
microspheres
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IS R i B v il 1 KA RO 18] L b
o A AR A IR PVAC oy Tk, TEIeEE
fitf b, JEIE R AL SN G I NTEPETh REREI, 195
— PSR AT AR B A . I TR TR LR
SCRVE T AT B BURDR AR R FER TR /N A
R D REHE A IR B AR B SR e
BARBURL R /NE 1~7 pm, ~FIPRARA 3.8 pm, i
PP ATAIS B B SR 15.0 emu/g, H
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