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a a'- -a- 23
1 1.2
1.
1.1 250 mL
MMA pPVP
MMA .20 min
70°C 70°C
AIBN . RAFT
TPGDA MMA
TPGDA 70°C
40 min
AIBN
K30 PVP
1 x 10" RAFT S-1- -S'- 2 50°C
Table 1 Recipe for the RAFT dispersion polymerizations of MMA®
First stage” Second stage”
Run EtOH H,0 MMA AIBN PVP EtOH H,0 MMA RAFT agent TPGDA
g g g g g g g g mol% ° mol%
1 15 15 3 1.7 1.7
2 15 15 3 0.06 0.72 15 15 3 1.7 3.3
3 15 15 3 1.7 4.4

70°C

* Polymerization temperature

the second were mixed and preheated at polymerization temperature and then added after reaction had started for 40 min

1.3
Agilent HP1100
/GPC THF 1
mL/min GPC 25C 0.2 mL
."H-NMR
Bruker 400 MHz NMR CDCl,
Leica DMLP
500
D =

R d;In 1
i=1

D, = Zdt/i}di 2

i=1 i=1

PDI = D./D, 3

2

24 25 PVP

2.1

" The whole polymerization was divided into two stages. The first stage ingredients were added at the beginning while

¢ Based on total MMA
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70%

70 %
7 h

5 RAFT
DVB
. DVB DVB 1
Gabaston . TEMPO 75 wt %
wt % DVB m-DVB
TEMPO 35% p-DVB p-DVB
17 % 2.3.Choe "  RAFT
RAFT 0.5 wt% . Winnik 82
1.26 RAFT DVB
2 wt% 2.51. DVB
RAFT S 1 wt% DVB
4 h 1.5h
6 h 1 wt% 5 wt%
EGDMA 6 wt% EGDMA
16 18
. Tseng 7
0.3 wt% MMA
DVB ?
DVB . Thompson RAFT 0
” MMA
0.02 wt% DVB
Table 2 Effect of different ratios of ethanol to water to the polymerization
EtOH/H,0 W/W Polymerization characteristic Polymerization mechanism
100/0 No turbidity during polymerization Solution polymerization
80/20 No turbidity during polymerization Solution polymerization
70/30 Solution turbidity much coagulum produced after cooling —
50/50 Particles produced Dispersion polymerization
30/70 Monomer partially miscible with medium —
2
80% ~ 100 %
12 h 40% ~ 55%
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Fig. 1 Particle sizes and particle sizes distribution variation of

poly MMA-co-TPGDA  run 1 microsphere versus time

aH 10 pLin &h [T
2 h 10 um 12h 10 um

' Fig. 2 Optical microscope photos of poly MMA -co-TPGDA  run 1 microsphere at different time
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MMA MMA TPGDA
RAFT TPGDA
MMA  TPGDA
MMA
5 min RAFT
RAFT
40 min MMA MMA-TPGDA
5% . MMA TPGDA
RAFT MMA MMA-TPGDA
/ 3.
Table 3 Changes of fraction composition molecular weight MWD intrinsic viscosity and average Mark-Houwink exponent o with conversion run 3 in
Table 1
Reaction time h Conversion Ratio of MMA/MMA-TPGDA M, MWD n dl/g a

2 29% 5/24 5578 9.9 19.9 0.643

4 36% 5/31 5476 6.1 11.2 0.577

6 51% 5/46 7114 6.1 13.0 0.577

8 61% 5/56 8429 5.5 12.3 0.559

12 69 % 5/64 8094 4.3 10.7 0.548

24 83% 5/78 — — — —

* o value was caculated in toluene at 25°C according to K

3 3 GPC
2 h
MMA RAFT
MMA  TPGDA
2 h
MMA
MMA-TPGDA
4 12 h "H-NMR
5.8 6.1 6.4
5.
TPGDA 0=—C—0

= 0.078 " Particles were partly dissolved in THF and acetone due to crosslinking

1

RAFT

4.9

6 8 10 12 14 16
Elution time (min)

Fig. 3 GPC traces evolution trends of poly MMA-co-
TPGDA run 3 synthesized wvia RAFT dispersion

polymerization
5 . TPGDA
TPGDA 2.13%
TPGDA 4.4% TPGDA
70.3% .
MMA M,
M, r=1.7~2.3

r,=0.2~0.45"
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Fig. 4 'H-NMR spectrum of poly MMA-co-TPGDA  run 3
69% conversion synthesized via RAFT dispersion polymerization
a
Sherrington
DVB/MMA 20 mol % 3
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Sherrington 4.4 pm 1.12 ~1.24.
mol % MMA
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SYNTHESIS OF BRANCHED POLYMETHYL METHACRYLATE VIA REVERSIBLE
ADDITION-FRAGMENTATION CHAIN TRANSFER DISPERSION POLYMERIZATION

CHEN Zhi WANG Xiaolong ZOU You YANG Yijun RAN Rong

State Key Laboratory of Polymer Materials Engineering  College of Polymer Science and Engineering  Sichuan University ~Chengdu 610065

Abstract RAFT dispersion copolymerization was carried out using methyl methacrylate  MMA and tripropylene
glycol diacrylate TPGDA as comonomers and ethanol/water as a mixed solvent and S-1-dodecyl-S'- a a-
dimethyl-a"-aceticacid trithiocarbonate as a chain transfer agent to inhibit the occurrence of gelation. The long
nucleation period and gelation were observed in one-step batch dispersion polymerizations. These problems can be
overcomed by a two-stage method — half of MMA solvent and all RAFT agent and TPGDA were added to the system
after the end of the nucleation stage. In this way coagulum was avoided and the particle size was controlled . The
morphology of PMMA particles was observed by optical microscope. Branched poly methyl methacrylate MMA
particles with an average diameter within 1.9 ~ 2.7 pm and size distribution of 1.12 ~ 1.24 were prepared.
Molecular weight molecular weight distribution compositions and structure of copolymers were investigated by GPC
and 'H-NMR characterization. The GPC curves showed a bimodal distribution indicating that MMA homopolymer
was formed during the nucleation stage and MMA and TPGDA branched copolymer was formed after the nucleation
stage as proved by 'H-NMR.TPGDA fraction in the copolymer was determined to be lower than that in the initial
monomer system. In addition the intrinsic viscosity of the copolymer decreased with conversion and the Mark-
Houwink exponent « of copolymer reduced from 0.643 to 0.548 which further confirmed the branched structure of
the copolymer.

Keywords Reversible addition-fragmentation chain transfer polymerization Dispersion polymerization Branched

polymer





