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Fig- 1 Chlorination of silanol groups with thionyl chloride

28 SOCL, ALFR AT A0k Si0: BT EH 2 TG,
FH AgNOs T8 0 1 Fe T —C1 3 & 2. Bk
TSR NaCOs; 0.01 g F1 BEF7K 25 mL I
50 mL HEFEI A, FEIIN SilicaCl 0.1 g, #7543 HL
5min 5. fi 0.1 mol/L AgNO; P VS TR 2 7 A
R T &5 e RN, GR0RF3RHE —Cl
F A A 2 2 048 mmol/g-

-~

H

QH + HO—

i DT S

"H

NaHCO;

3 ll] .
) @t.m LCH.0H _DME

K2 SOCL: ALFRAIGIK SiO: R T A ik
PERY Si—Cl 4, Si—Cl % [ DL A 35 1% 3
(—OH,—COOH, —NH: 5 ) i#t — 4 X ©v., M 1T 7E
YK Si02 LTI 5N 25 Fh RN JE A A SO H
5 Irgacure2959 RV 5INTCHFER] - IIgacure2959 Y
Sy =& 2 pirs -

|
HOCH2CHZO©—C—$—OH

Fig- 2 Structure of Irgacure2959 using as an initiator
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Fig- 3 Nano-silica surface activation by Irgacure2959

Irgacure2959 P ¥ B & —OH Z:[HA, # i b
YEER AT DAAT Si—Cl & & W, [ ROV I Silica-
2959 WiZA 3 Tl - W 58IER Ingacure2959 Y i
() —OH #B AT LA 55 Si—Cl 44 A SR 15X i 46
FTESE 2 BB B B B A B IS B T 2%
BEVE -

AT Si0- A 3 11 5 [ D' SR A 7 A 0K
Si0: K7 F Al Irgacure2959 1) 58 FhI Wi il £k 4n 141 4
B -

Pl 4 R, BRI 480K Si0: i F7E 200~500
nm {1 FER 2R AN TO IR T Zoisd Ao 31 ' B AT 7
Si0: k. 7 7E 208 nm A0 288 nm 4b i BL T
Irgacure2959 [ S AMRFIE I Wb, FF B0 T 21 F8 30
%,Ilgacure2959 TF 248 nm [ VT B 5 FM R S 04 T
g e RN N H S SilicaCl K N5 55 T8
FARER N A K Si0: KL% AR B AE A
FEEA - (A B H 0 E 2% 4R A9 224> Irgacure2959 7
[ 25 B L8 S Y B AN S % i A B WS
T 2 AL - SEERIERA Silica-2959 {5 B A Rk

1.6
8 1.2F
g Lo
£ .
= .
208
< et
0.4 _/; .
N_ 7 \{: Cremereeean “.c
0.0F 1 1 1 -l__——l_——l‘]‘:)
200 250 300 350 400 450 500
Wavelength (nm)

Fig- 4 Uv absorption spectra of Silica (a)» Silica-2959
(b) and Irgacure2959 ()
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Fig- 6 Schematic reaction of the photo-grafting polymerization of MMA monomers initiated by Silcia-2959

FESEIMEIRH T Silica2959 JEfR T e 23 7= A
AR L T P Bl AL (1 6). —Floe 3R B i
3, 5 R RE VBN AR TR A2
PMMA- g-Silica; —Ff2 i 25 A i &, 514 MMA &
BT P I A O B SR -
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Table 1 Conversion and grafting ratio of MMA in the photo-grafting

polymerization under various substractes

Substrates Conversion( /0) Grafting ratio ( %)
Silica 0 —
Silica=2959 4.1 41.4
Silica and Irgacure2959 5.2 —

The condition of the polymerization ;Silica, 0.3 gs; MMA, 5mL; toluene,

5mL; temperature, 27°C; exposure time> 30 min

WFREE SRR, RALL PR 4K Si0, KL T1E

FHTRAESI & MMA 24 T B4 N B0
BARTTLAGI K MMA R & HEAREREREY
A PASEAERR 2% U EASBEZE A0 K Si0: br 1 3R 1
SIRAEAL T A - T Silica2959 fF4E N MMA £ UV
fEHE 30 min JERER A B HEER A RN, P45t
WTHF YL I M4 THE #4824 h 510 A
PMMA () f£7E - Silica-2959 5| % MMA 2 & 15 2| ()
BERFRIL AN E anE 7.

b

2890 cm |
2930em™’

Transmittance (%)

1732 cm”! 3436.cm

500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm ™)

Fig- 7 FTIR spectra of silica particles (a). PMMA-g-
silica (b) and PMMA (c)
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Fig- 8 Relationship of monomer conversion and grafting ratio with
exposure time for the photo-grafting polymerization of MMA initiated by

Silica=2959 without the stirring in the presence of nitrogen
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Fig- 9 Relationship of the grafting ratio and grafting efficiency with
monomer conversion for the photografting polymerization of MMA

initiated by Silica=2959 without the stirring in the presence of nitrogen
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Fig- 10 Relationship of monomer conversion and grafting ratio with
exposure time for the photo-grafting polymerization of MMA initiated by

Silica=2959 with the stirring in the presence of nitrogen
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Fig- 11 Relationship of grafting ratio and grafting efficiency with
monomer conversion for the photografting polymerization of MMA

initiated by Silica-2959 with the stirring in the presence of nitrogen
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Fig- 12 TEM micrographs of original nano-Si0z (a) and PMMA-g-SiOz (b)
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Fig- 13 TGA curves of SiO2. PMMA-g-SiO2 and PMMA
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THE ANCHORING OF THE PHOTOINITIATOR AND THE PHOTO-GRAFTING
POLYMERIZATION OF MMA ON THE SURFACE OF
NANOMETER SILICA PARTICLES

. 1.2 . 2 .2 2 .2 2
LIU Xiaoxuan ~» BAI Yingkun > JING Yanni" s WANG Hongbo™ » CHEN Bing » WU Guangguo
(1 Department of Polymeric Materials and Engineering» College of Material and Energy. Guangdong University of Technology: Guangehou 510006)
(* Department, of Chemistry» College of Science Shantou University, Shantou  515063)

Abstract The anchoring of the photoinitiator and the photo-grafting polymerization of methyl methacrylate (MMA)
on the surface of nanometer silica particles have been performed- The anchoring of the initiator on the silica was
achieved by treating silica with thionyl chloride and reacting with Irgacure2959. Poly (methyl methacrylate) (PMMA )
has effectively grafting on the surface of the nanometer silica particles during the photografting polymerization
initiated by Irgacure2959.The change of particle surface and the grafting of PMMA polymers were confirmed by IR
TGA and TEM technique - Monomer conversion grafting ratio and grafting efficiency under various conditions were
investigated- It is shown that grafting reaction with stirring has a prominent effect on the grafting ratio and the
grafting efficiency during the photo-grafting polymerization-The grafting ratio of MMA could be up to 110% initiated
by Silica=2959 with stirring in the presence of nitrogen: and the themostability of the products measured by TGA
would be remarkably improved - However the grafting ratio can only reach a less degree in a static state (no stirring)
during the process-

Key words  Photoinitiator, Surface modification of nanometer silica; MMA., Photografting polymerization
Thermostability



