%7 =

2013 7 H

ACTA POLYMERICA SINICA

% j:li No.7

FERGERRAREESEN LY T SBA- IS LEHWARRSE

AXW B

kxz™

CREARBL TR ZRPR R 5 TR B Hebk 541004)

m OE

KPR BT A LA 70 SBA-1S, 435 I it e i 156 R KH-151, KH-560 1 KH-570 X[ SBA-15 #£17 T

O R AN TR 28 BB R A FL 20T i (M-SBA-1S) AR “ U NS ™, JE 8 MMA By R0 A0 B Bl o ™
o3 S VA VR R A I A MMA 7 ALE A R BUR 44 il XRD, FTIR, N, 0% B/ BB, GPC,' H-NMR, TG il
DSC W F-Be Xl M-SBA-15 Hl PMMA/M-SBA-15 &2 & #4 kL LA K FLIE A PMMA JE47 7 20 7 3L B 58 R B, ok
PEA LA F i AT AR B 1A 7 A LA R0 S A REPE , M-SBA-15 FUAH R 19 B & M8 L R R L3R DL R AL R
i, 2B PMMA #A B A fLor 7 95 ) fL3E . 55 1% 58 00 3 R & 4% 19 PMMA MTEE, A fLfLIE N IR 18 19
PMMA {4 73 74 B9 (6] 8L 37 ¥ AT BT 48 i, e 20 7 1 29 0 AR S 2R 2 9+ LAY, W 0 A M W S 4 o, B0
AR IR IR 9 ~ 11 C. A, KH-151 S SBA-15 #A e £ (1) PMMA , i 5 (9 PMMA 1 73 & 71 3¢ 38 4k %

< VEL L R
AR B B e

KA

A LA 4 g — T 22 FL 205 4 10 98 K A4 R
Wz AR SR B A Hhe ) LA R Ak AR AR AL A
H ok [ B b s 2 R R s 3 s AL T
i 0 FLAB S5 0V R TR R 2%, 4 T BB A 1Y
AR AR A A FLAL T P E 1 R A, 3R —
Pl 5 (0 58 A 0 ok A bR, X RO T RE S A
BT B A T AT W %5 R
FS SRR A B FLAE K 3 nm (94 1L 4 F 7
MCM 41 B FLIHE i 3k Bk i 26 51 % 28 4 75 %)
T EAT S T RE 1 2R O e 20 A 4 B S WE 5T
ABENFLILEN SR T RZES BHES
BELHK (P B N-RNENEERED B
FE TR O TR P TR (PMMA) O A BE 5T 4 R
W], 75 32 R B9 A FL bR P 3 T 00 10 38 45 0 45
BB B ) B R R YERE , 0 4 T
FEI 4y Tk oA 8 A FLFLIE 9 HEAT 0 R TR
i TP i ( MMA) 9 A5 1R 3R 4 B 92 26 B, i i g 2 o
5 51 % R i E AR LT LA R B S W 4
B TR T A AL L A B B E 1R AR A
5 A AL LT A 5 A R B PR R A e L T R
ok R I B B 75 5 () PMMA & 45 B4R o 4
B H A W B0 B AL 5 AR iR EE (T,) 1 T E MCM -

AL TO, REBEBERA], BRI, WIRERS, EAMH

41 LA B P BT R O R LA L PS A
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RIS FLALIE N 2E AT IR AS (A 5 iy 2% 2R & SO,
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1.1 FEERH

IERER SR (AR, PE B AL T.77) s ER 2 (AR,
37% ,PUBE AL T ) 5 BER 4R & -3 30 S T e - 3R
WA 2 e (P123, Sigma-Aldrich ) ; FF A 05 192 T T
(MMA,CP, P4 Bl b 1T ) 5 5 % 1k % Y B ( BPO,
AR, PHBEAL T ) s 2R (AR, P Bl /b T2)) 5 HY B
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(AR, AL s =AW B (AR, VEBE L T
J7) SR (AR, 10% , i fb T.) ) ; 20 3 =
RSB (KH-151) -2 409 8l 9 2 = 4
BEfk e (KH-560) 3-( HJE P9 MR ik 420 ) 10 2 = 1 41
Beaik ke (KH-570) (CP, /M 5t 3 AL = HF5E BT ).
MMA ffi F i 96k e 25 18 .
1.2 SBA-15 & H

7£ 250 mL [ IR B H 4 B m A 80 mL 2%
BFK 15 mL R R It R iR AL K AE 60 C T
Ay 2.5 g P123 JiE N & LR IR W, 7E 35 C
TR MG BERE 2 h B AWM, RIGRETHA
5.5 g IEREFR 15, #F 35 °C T4t Hk 24 h. Jx W 45
J& KRB W KA N 2, BT 100 °C 4t
Frh AR AL 24 h SR TR S Mg (k% = pH
KE] 4 ~5 I8 KA R E R A AE 550 C 1Y
i BB S h (FHIR HEE 1 K/min) |, 15 3|
SBA-15.
1.3 #EkR{BELFI % SBA-15

FRELS g [l SBA-15 1 2.5 g fif b A 16 5]
F 250 mL = B, N A £ B 100 mL, 8 75 43
20 min J5, 6 5 80 °C 113 6 h, 1% )2 v 4%
J5 K IR A WM IE , S BEVE T FE 60 C R Has T4
24 h, 13 5] Bk ke 18 555 B 1 SBA-15 (g A M-
SBA-15).
1.4 M-SBA-15 7LEEHHIBRESR

¥ A®E 1 g M-SBA-15 % F 25 mL [ F 1
L, 7E 150 CF FLAS B0 S by B S 45 ki #k £R
FFEAORE KB o 1:0.67:0.008 fy H 4 |
MMA F1 BPO HJIR & W AKZ % 2 SBA-15 %
e RN T 4E R 125 3 he BlIS 7E# K T
WL 80 CRRA M 5 h. fF 45 W )5, 1
AW BB LR E R A, whuk It M
R R R U LT A3 B0 7=, D PMS-M (R
Fi SBA-15, KH151-SBA-15, KH560-SBA-15 il
KH570-SBA-15 I, & & M K 4 % & PMS,
PMS151,PMS560 il PMS570).
1.5 fNFLFLERE PMMA

FH BT it v B Ry 5% 1) S0 TR0 R K W R 20 il R
PMS-M 20 h, 3@ 2 850 U ¥ B 48, 3R A5 2l 1)
PMMA, 7= ¥ & & ic 4 PMMA in SBA-15,
PMMA151,PMMAS560 fil PMMAS70) .
1.6 ek

X G155 79 ¥ % F Netherlands PANalytical
B.V. %] X’ Pert PRO, CuKo JCIR RS, J5 B4

ar, B R 40 KV, L 50 mA, S X ] 0. 5°
~10°, 53 2 1 (°) /min; 21 4061 R 2 H
Nicolet 205 2T 4P 3% AL, A S M K 5 KBr &
Jo W 5E 5 43 1 B H A A D R JH 9 B Malvern
A H) Model 270 = 46l 4% %1 BE 2 & iE (@ 35 AL
(GPC ), T6000 #I & i ¥+, #£ 5 ¥k & 2 mg/mL
(THF) ,Jii# 1 mL/min, #E i 35 °C 5 b3 i A2 &
fL4%2% H 22 B Quantachrome Nova 1200e H, 3 1M
5L B EE 3 B AW g T 3 kB R B
(FESEM) 7£ S-4800 44 fi 1 . fsft 55 T Wil A
WA RE S HEAT0E 4 A0 B " H-NMRAZ % H 4% 3% 2%
¥ I Bruker 22 7] Avance 500 MHz #% fif 2L 4% ) 3%
A, STARE 5 A 5 50 A 4 B (TGA) SR 36 5
TA Q500 Y £ g 43 A AL 5 , T It V5 35 ~
800 °C , FHiff 3 BE 10 K/ min , #5 ARAE &, N, S
ZER A I (DSC) 43 B R H 42 [E NETZSCH 72y
Al DSC204 #4 22 7% 47 4t & AL, THR Vi Fl 35 ~
200 °C, By ARFE A, N, SR

2 BR5UE

2.1 X S&THSH

1 RO FLAE R LA B AH S G FLIE R A
J5 52 A M B PMS-M 1y X 5 4 AiT 5 &1 % b SBA-
15 # XRD ik (& 1(a) ) , Btk A LA R
TR BT — AR T 2 B8 1) A S8 0 AR A 458 559 %) A3 5
U, PR T M-SBA-15 5 (100) , (110) F1 (200 ) fit
S AR E, F O R A L IR AR B A F
) k75 T S5 A R A ABLAT S 0 4 B R AR T IR
B, WAk A E W & AR AR AL, S5 R R R A T AR
k. A Hb e SBA-15 , PMS B A 4 5 (Y 37 5 e, % B
PMS {75 K fif 7 SBA-15 1) A JF 45 #4 ; PMSI51 (1
XRD iy 28 (% 477 5 0 2 55 HLBA A8 58 (| 1(b)),
KB W R A N, PMSI51 K g ft B KHI51-
SBA-15 [} 4 J¥ 45 #4 ; PMS560 F1 PMS570 7E 117 5
12970 0. 9° I 1 A7 75 A7 55 0, (H 5 B2 0 & T
FEHH PMS560 Fl1 PMS570 (1) 3 W 45 ¥y AT 47 AE — €
1A Pk
2.2 A5MRES

AL F 0 DL AL R A TR 2 A M R
PMS ZLAMGiEan & 2 ez, B 2 (a) Hr, et Ae £l oy
T4 £E 3440, 1080, 804 Fl 461 cm ' AL B B T
SBA-15 i—OH, Si—0—Si, Si—O i iy 45 1iF 12 U
W , (LT 14 355 35 W% iC 55 0 (3440 em ™) Fil O—H
5 i 2h W i 4R 0 (1630 em ') B B A T EAG, 156
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Fig. 1 ~ XRD curves of M-SBA-15 (a) and PMMA/M-
SBA-15 composites (b)

WAL 53 0 2 THD %) 3508 4 0 5 25 A 5 ke o 1 166 5
KT . 5 SBA-15 £LAME F AR Z Ab 76 T
M-SBA-15 7F 2940 11394 c¢m ' 4b ¥ C—H {45
PRI  KH151-SBA-15 £ 1640 cm "fh 3 C=C
Wi 0 | i 3% &b s A 5% KH570-SBA-15 1 7E 1720
em AR BE C = O i1 45 P Bh i s 45 A T 4 R M-
SBA-15 (e ih £k , vl B ik Be (S B 5F) KH-151, KH-
560, KH-570 X /L. 53 F i i 47 1 2 k.

TEE 2(b) PMMA [ £1 163 i 28 51,3000 Al
2953 em ™' Ab Ay 7 HE A HE 3 A e 405 B 3 R g 0
1730 em ™" &b Ky i ¢ 5 () R AiE % Wi 0, £ 1388 A1
1148 em ™' Sy—CH, i 45 I 2h W i 1. PMS v 77
TESI I PMMA 947 HE W W UG, 5B SBA-15 /E 0 i
BN g, HAM R PMMA RE8 4> C 2w vk 2. fiff
FHEYEA AL 5y F i J5 , 525 4B PMS-M AR T
A FLA>F 0 A1 PMMA (14 45 fiF W2 i 06, 156 B PMS-M
FP I A1 2% A AFTE TR B0 25 1 PMMA B0 J5 Y
AL 5 R A WA R A BLAE .
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Fig. 2 IR spectra of mesoporous sieves (a) and PMMA/M-
SBA-15 composites (b)
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Table 1

Pore structural parameters of mesoporous sieves and

PMMA/M-SBA-15 composites

BET Pore size Pore volume
Sample
(m*/g) (nm) (em?/g)

SBA-15 662. 1 6.6 1. 00
KH151-SBA-15 560. 5 4.1 0.77
KH560-SBA-15 298.5 4.9 0.54
KH570-SBA-15 282.7 5.4 0.55
PMS 330. 8 2.8 0.49
PMS151 45.6 2.1 0.07
PMS560 199.5 2.8 0.36
PMS570 203.8 2.4 0.36

H &1 3 (a) 26800 W B/ 58 BT if £ mT %0, SBA-15
DL K M-SBA-15 ()42 3 J@ T IV B H1 ¥ J5 36
NS LA BEAL. B 3 (b) B A AR A AW/
JiE B 28 of , PMS, PMS560 , PMS570 ) 25 ik 4% )&
TV B FH R 0 0 B/ Bt B 5i8 B AT BT B ARG, iR LA
— T AL 25 K0 R AE 5 0 PMS151 &2 & b kY 45
T AR [ 28 JUF- 95 4, b 2% 1 FRURH I BRAIG , 2R A
PMS151 & %% A fL 45 # FRAE. X 5 DL I XRD
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Fig. 3
and M-SBA-15(a, c¢); PMS and PMS-M (b, d)

ZiRWG.

M3 R 1 BCa 440, et SBA-1S /Y SR
1A AL K ALA TR B, HE o KH-550 Al KHS60
oM JE R R O B, X R IR 7R AL FLAE N 5
AT BV e K 14 i 1 2 71 5 E M-SBA-15 L
I8 N R AV WOR A RO AL B0 5 5 R R Y AL
S A S BB 1 U R, R A AL 23 1 T 1 AL aE
HIHFE T PMMA, Hoif PMSI51 [ L 45 48 2 508K
3 B AR A B2 S O B ., LU PMS. JsU A & KH-
IS1T S A RERE HEAT B M 2L R & 19 &0 2, X
£ 110 1 4 o W e R T SN SR
BB/ CAGFE A F T 51 KB 2 1 MMA %R
AHERE. i KH560-SBA-15 1 KH570-SBA-
15 B fLIE N AT 3R & BOBLJ , L R T AR L AL A
P AR AR 2 /0N it PR 2 3K A e P A AL A L v
B AR BB R SE AT, 25 )57 BR8P S 1R
[ MMA X/ diy ot 7 2 3 2R & /9 PMMA
2.4 HFERES®H

M2 A fLAF L IE R 5 5 B9 PMMA 4y

Pore diameter (nm)

Nitrogen adsorption/desorption isotherms and pore size distribution of mesoporous sieves and PMMA/M-SBA-15 composites: SBA-15

F A S HL o A A SR TR T A2 BR S ) D AT R
RAJERE R =Y, Hor 1 im i m TR HL R
WA O R BR A 0+ ILA) X5 MMA
fE MCM-41 Jp fL L8 N 247 AR R & 45 8 —
BB DR R AR A2 B2 ) A RO 2R L
SRRFEAR. 701 0 A B2 58 2 I o fL 3 N Sh T
I 3R 5 B, FLIE NI R G W) 0 1 iR, M AL 18
SMRG W T BN S SLAOR O S 9 PMMA
o1 W, b RS ) PMMALSL (1)
By o 7 M o T AR, BB KHISI-
SBA-15 MK K) MMA 5% 2, 545 B B 7 JEE 4 i
e

Table 2
channel of SBA-15 and modified SBA-15

Molecular weight and its distribution of PMMA in the

Sample M, x10° M, x10° M,/M,
PMMA 0.15 0.42 2.80
PMMA in SBA-15 1.65 5.34 3.23
PMMA151 1.84 6.55 3.56
PMMAS60 1.53 6.49 4.24
PMMA570 1.62 6.35 3.92
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Fig. 4 TG curves of M-SBA-15 (a) and PMMA/M-SBA-15

composites (b)
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Fig. 5 TG (a) and DTG (b) curves of PMMA polymerized in

the pore channels
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Fig. 7 "H-NMR spectra of PMMA and PMMA in SBA-15

IO g, 7 H PN TR RE AS HE 1T 05 28 LAk MMA /9 B i
SEVEWOR B RN, A5 B RS W AR A FRE, s
(A FL A RERT PMMA 525 B4R LG 22 AR FL AR
MALE TR, RN FLALENRA T —E E 1R
a0, BNEE R G Y0 1 WL ORI
UG, SRS WY 18] [ S A LA B 42 55, B0 46 23
ik it B BN, AH LAY T 4R R 9 ~ 11 °CL KH-151 2
M5 1 SBA-15 PFBEA T I £ 1) PMMA 15 5 (1
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MMA SOLUTION POLYMERIZATION IN THE CHANNELS OF
MODIFIED MESOPOROUS MOLECULAR SIEVES SBA-15

Zhi-bo Wei, Rui Bai, Fa-ai Zhang
( College of Material Science and Engineering, Guilin University of Technology, Guilin 541004 )

Abstract SBA-15 was synthesized by hydrothermal method,and modified with silane coupling reagents vinyl
triethoxylsilane ( KH-151 ), vy-glycidylpropyltrimethoxysilane ( KH-560 ) and <-methacryloxypropyl-
trimethoxysilane ( KH-570) , respectively. Then different types of modified mesoporous sieves ( M-SBA-15)
were used as microreactors which were loaded with methyl methacrylate and initiator in toluene. Mesoporous
channels were covered by PMMA in the form of thin coating via solution polymerization. M-SBA-15 ,PMMA/M-
SBA-15 composites and PMMA polymerized in the channels were characterized by X-Ray diffraction (XRD)
N, adsorption/desorption, gel permeation chromatography ( GPC) ,' H-nuclear magnetism resonance spectrum
('H-NMR) , Fourier transform infrared spectra ( FTIR) ,thermal gravimetric analysis (TGA) and differential
scanning calorimeter ( DSC). The results showed that modified mesoporous sieves and parts of the composites
still retained the basic features of order mesoporous materials. Compared with SBA-15,BET surface areas, pore
size and pore volume of both the modified mesoporous sieves and corresponding polymer composites decreased
obviously. This confirmed that PMMA was loaded into the mesoporous channels. Molecular weight of PMMA in
the channels of the mesoporous sieves was ten times more than that of traditional PMMA wia solution
polymerization. In addition, thus prepared PMMA exhibited higher initial thermal temperature, and glass
transition temperature (an increase of 9 ~11 K) due to the little weak bonds formation and higher molecular
weight. Furthermore , KH-151 modified SBA-15 loaded the highest PMMA content, and the PMMA possessed
the highest molecular weight and T,.
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