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Fig. 1 Semilogarithmic kinetic plot and dependence of
conversion on time of BA in toluene and anisole at 75 °C using
CuBr, catalyst system( Sample 2, Tablel )

[ BA],/[ Initiator ] ,/[ CuBr, ],/[ PMDETA ],/[ Sn(EH), ],

=100/0. 1667/0.02/0.3/0. 3

2.0
60000F & Magrc -

o Mn,th 118
50000+ & MM, :
40000 - 116 =
30000 v o o i =
20000} - a ¥

-0
. v |
10000F - v 12
1.0

10 20 30 40 50 60 70 80 90
Conversion (%)

Fig. 2 Dependence of molecular weights and polydispersities of
PBA on monomer conversion of BA in toluene and anisole at
75 °C using CuBr, catalyst system( Sample 2, Table 1)
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Table 1 Molecular characteristics of the PBA macroinitiator
[M]:[X-R-X]:[Cu(Il)]: Temperature .
Sample * Time (h) Conv. (%) M, . M, cpc M /M,
[PMDETA]; [Sn(EH), ] () ’
1 100/0. 1667/0. 05/0.3/0. 3 75 13 84.8 65400 63700 1.28
2 100/0. 1667/0.02/0.3/0.3 75 21 80.2 60700 57300 1.17
3 100/0. 1667/0.01/0.3/0.3 75 23 68.9 53700 52800 1.35
4 100/0. 1667/0. 02/0.3/0. 3 85 9.5 89.0 60200 55900 1.32
5 100/0. 1667/0. 02/0.3/0. 3 65 26.7 74.5 68300 52700 1.23
*Solvent; toluene and anisole(30% of monomer) ; * M, , = ([ monomer],/[ initiator], ) x conversion X M ...
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Fig. 3 Semilogarithmic kinetic plot of MMA initiated by PBA

macroinitiator ( Sample 2, Table 1) in toluene and anisole at

75 °C using CuCl, catalyst system
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Fig. 4  GPC traces of PMMA-b-PBA-b-PMMA with different

conversions of MMA in the polymerization of Fig. 3
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Table 2 Molecular characteristics of PMMA-b-PBA-b-PMMA triblock copolymers with different lengths of PMMA blocks
Sample * M, gpe x1077 M,/M, Wt % yya (GPC) Wi % s (NMR) T, of PMMA'(C) T, of PBA'(C)
1’ 19-57-19 1.27 40.0 43.6 105. 4 -47.8
2¢ 2.5-46-2.5 1.26 9.8 14.8 103.7 -47.2
3¢ 11.5-46-11.5 1.39 33.3 37.8 104.5 -49.5
4° 17-46-17 1.45 42.5 42.5 107.3 -49.2
5¢ 28-46-28 1. 46 54.9 46.5 110.2 -48.5
6 ¢ 33-46-33 1.48 58.9 51.1 108. 1 -48.8

*Conditions; T'=75 °C , Solvent: Toluene and anisole (50% of monomer) ; " Initiated with &, w-dibromo PBA macroinitiator (Sample 2, Table

1), [ MMA ],/[ macroinitiator ] ,/[ CuCl, ],/[ PMDETA],/[Sn(EH), ], =100/0.2/0.02/0. 3/0. 3 in toluene and anisole at 75 °C ; ‘Initiated

by a,w-dibromo PBA macroinitiator; M, =45800, PDI=1.19; ¢ DSC measurement
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Fig. 6 400 MHz "'H-NMR spectrum of PMMA-b-PBA-b-
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Fig. 7 AFM phase images of PMMA-b6-PBA-b-PMMA triblock polymer (Sample 6, Table 2
PMMA/PBA =51/49)
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Fig. 8 DSC curves of PMMA-b-PBA-6-PMMA triblock

copolymers in Table 2

2.2.5 =i B LB Y PMMA-b-PBA-b-PMMA [y
P g 43 B

B9 Rk 2 A a1 A AL 53 B ( DMA)
Mk, 76 -39 C A0 118 C 4b i BLH A N AE IS, 7
BN A PBA Al PMMA f) T,. DMA 15 45 5t 5
DSC MAF45 R A — o 2200, X & th T AR A THE
R SRR ] ) 0 3 D i ol 1
2.3 = EBEHLEY PMMA-b-PBA-b-PMMA H)
kel

[ 10 F5R 3 A3 2 R [R PMMA % B K
() = B S 5 W 1 B A 0L 7 -0 7% iy 4 R0 6T N 1)
G, T LLE BB E 25 5 028 K PMMA &
BOR R b T, A i B 2 AR K [ e BT 24 A4
FRHUEAEK. 2 PMMA & &8 T 40% B, # & 2
H13 (R 4 LA 2 2R A T R Y A g
PEARFL AT . BE 5L 4 B RLAR it 40T 1R 25 i+
5 R 6 [ F Al 2 AE 4 R TR AR X R B0

temperature for PMMA-b-PBA-b-PMMA triblock polymer
(Sample 1, Table 2) (Heating rate; 5 K/min; 1 Hz)
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Fig. 10 Stress-strain curves of triblock copolymers

(Sample 2 ~ 6, Table 2) at 25 °C ( Strain rate:

5 mm/min)
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Table 3 Tensile properties of triblock copolymers i) ARGET ATRP ]}i%ﬁk T Br-PBA-Br j(ﬁ}% 5|
Sample ¢ P B L 5 %% Fl PMMA-b-PBA-b-PMMA = i Bt JL B 4y | 7=
X107 (NMR) (%) (MPa) Yre oy 1B S B (E A B A B (118 ~
2 2.546-2.5 14. 8 124 +12 2.7 +0.28 148)Fﬁ%ﬂ@ﬁ%ﬁﬁﬁ(ﬁﬁfﬁgﬂﬁiﬂ%%mfﬂ
3 11.5-46-11.5 37.8 165 + 15 5.1+0.35 ;"j‘%é’%)ﬁ% 4% E‘]Eﬁﬁj:}(ﬂ‘%é/a\fz%ﬁﬁ?ﬂ%
4 17-46-17 42.5 163 +14 7.5 +0.57 %%ﬁﬁﬂﬁﬁ%ﬂ}ﬁ,{ﬁ%ﬁ%%ﬁﬁﬁ%ﬁ%&ﬁ%)ﬁﬁ
5 28-46-28 46.5 155 +16 8.8 +0.74 E’\J 0001%AFM,DSC ﬂ:ﬂ DMA ]ﬁ!”ﬁiﬁ%\%%xﬁgﬂ
6 33-46-33 51.1 231 +17 11.7 £1.06
Ji B9 PMMA-b-PBA-b-PMMA = ifi B 41 3¢ iy 14 5 31
s U B0 A 4h B, LA TPE g i 45 4.
3 & PMMA-b-PBA-b-PMMA 1 1L i 35 5 i1 17 54 ff 46 %
DABEGAE AR HEHG 0. 02% 1y B AR AL 1 i BEA IR AL 22 fl i 2l
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Studies on Preparation of Acrylate Triblock Copolymers via
ATRP with Low Catalyst Concentrations and Their Properties

Qiang Ren” , Yang Zhang, Jian-ping Sun, Jian Li, Chen-yi Wang, Jian Deng, Jian-bo Fang

( School of Materials Science and Engineering , Changzhou University, Changzhou 213164 )

Abstract Macroinitiator Br-PBA-Br was synthesized via atom transfer radical polymerization with activators
regenerated by electron transfer ( ARGET ATRP) using the bifunctional initiator and low concentration of
complex catalyst composed of inexpensive ligand PMDETA and Cu ( II ) Br, (0.02% molar fraction of
monomer ) . The effects of reaction temperature and catalyst dosage on the polymerization rate and controllability
were investigated. Then, PMMA-b-PBA-b-PMMA triblock copolymers with narrow polydispersities were
prepared via ARGET ATRP initiated by Br-PBA-Br using CuCl,/PMDETA as catalyst. The residual catalyst
was separated with cheap diatomite and the residual concentration of cupric ions was reduced to 0.001%
weight fraction to polymer. GPC results showed that the number average molecular weight of the prepared
triblock copolymers is in the range of 51000 ~ 110000 and the molecular weight distribution is below 1. 50. The
chemical compositions of triblock copolymer determined by' H-NMR were in good agreement with the GPC
results. The glass-transition temperatures ( T,) determined by DSC were around - 47 °C and 105 C
corresponding to PBA and PMMA | respectively. AFM,DSC, and DMA confirmed the obvious phase separation
in the triblock copolymers. The tensile strength of the copolymer films were among 2.7 ~11.7 MPa and the
elongation at break were among 124% ~231% ,which showed that the tensile strength and elongation at break
of the triblock copolymers were adjustable by changing copolymerization composition. PMMA-b-PBA-6-PMMA
triblock copolymer with adjustable properties can be prepared successfully by ARGET-ATRP and the problems
of high dosage of catalyst and difficulty in removal are solved.

Keywords Atom transfer radical polymerization, Residual catalyst, Thermoplastic elastomer, Acrylates,

Triblock copolymer
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