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Scheme 1 Synthesis of the PHBV-diBr macroinitiators and the PMMA-b-PHBV-5-PMMA triblock copolymers



42 AN

5]

%

& Eird 2014 4

1.3 SH5RAE

FIHISE E Waters 22w Ay B 635 400X T
TR 237 S o A, oAk 2 45 40 R 35 [ Y
Thermo Nicolet 8700 YA B it £1 4 5, 3% A% 1l Ky -+
f) Bruker Avance 400 Yy 4 4% fif i R I 3% 43 I
SE . FTIR F) PR AL B0 R 7 vE 78 2 00 N W, 4
PR Ky 400 ~ 4000 em ™', H A KB 64 K, 4
WFH 2 em .

IRE B PR RE 2 80 2 [E TA 22 "] Q20
U7 22 47 4 5 RGN 22 . B 29 10 mg (R i TE A
AT 20 CHnFAE] 190 C L fRIR 2 min JH BR
TS, R E - 50 CL RS B K TR =
190 °C, %A~ ik 2ok 72 0% 7 e R 3 32 2 Oy 10 K/
IR RE AT S BN — R IR 5 55
TR AL 2. b, ik Be I R i 45 5
SR IFAS /LS

min

AH,
= - x 100% (1)
(1 - d’PMMA)AHi
DP x M X
by = PMMA 0, MMA a (2)

DPpyys X M| yua X @ + mpyy,
P AHJEA B Bl FAKS , oy 72 =ik BCIE R
Yy PMMA 1) 55 8 40 80, AH " S b RE 25 B N
100% i f) 2R AE K itk , AS BF 5¢ v PHBV JE0RE B9
HV & 885K (1.09 mol% ), AH," Bl K 100% 4
Ji PHB )5 fil 445 146 1/ DP Ly, 9 S28
BT MMA [ 5R G BE M, A TP A R Y IR
HIEC 2y T, S NMR T8 5 i B AL 3 g

K2 AT LINKAM LTSE350 4 & Y 12 [
PR~ DM2500P ¥ # &5 fif O b 138 556 1 A7 1A BR
i AR TE S 43 B B A i 3% 30 K/ min FHEHE R T 2
200 °C %73 2 min JH R 8 )5, # 30 K/min
Wik Uk 4 2 A0 IR 4G R, LR R AR SR, ORI
BARPLIC T IR A K A

UAE Y PAERE PR 58 [ TA A | 19 Discovery
TRURFE T AU 2. #F 3 ~5 mg FEALAE N, {7
T (30 mL/min) f 40 °C L) 10 K/min 3 & 28 3 7}
HZE 600 °C, FF & 1Y #4 B i = WL 1% 1L BB R T
Horowitz-Metzger Jrksfpte 2,

W, E.6

In ﬁ] T RP
Arp, W i B ) 46 o, W R A IR T
R F ) 4% o A, T, 2 B o R AR 5T RO 63, 21% I
MR EE 0 9 T 5 T W22 MA , R AR 4L

(3)

In

2 H#RE5iTR

2.1 REERYHNHSFERSFELT

WS JEFRR A R R A G & T 45/ g
JE ) PMMA-b-PHBV-b-PMMA — i Br 3L 5 4. &
1 77T PHBV-diBr 5| &5 Fl & A A [H PMMA iz
BRK ML R/ EE =ik B R GPC
2, HARA 0 T 8 Kooy T o i S S
FIFE 1 . g R, =B R Y E
T B A RS D 0 TR TR TR AN o ) B n 2 B
AR . 4> F i 48 8 PDI oR, Y
[MMA ] [ 1], e 40: 1if, i Be L W i)
Oy TR Oy A S BB AS  FE 1.36 ~ 1.65 Z JAl; 4
[MMA ] ,: [T], Hefil &5 F 40: 18f, GPC i £ by #5 %
F14) AL UG 0 A5 SRy 450 5 19 18 Sk 0 PDIL B &8 1. 97 ~
2.21. @ULUEIT, R [ MMA ] (1], e fE A7E —
SE W Bl I, B4 7 5] & 7] PHBV-diBr 5 51 {4
MMA R 8% 5 1b B 53 A0 62 43 A0 5 1 — 4 B L 3R
Yy B[ MMA ] s [ 1], 8 i — @ [, 7+ & 5

i 5.

PHBV-diBr
ABA-2
ABA-4
ABA-8
ABA-10
ABA-20
ABA-40

N\ ABA-80
ABA-120

20

Time (min)
Fig. 1 GPC diagrams of PHBV-diBr macroinitiators and

the PMMA-b-PHBV-b-PMMA triblock copolymers
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Table 1 Summary of PMMA-b-PHBV-b-PMMA triblock copolymers based on PHBV and MMA

Samples [MMAT,: [1],° M, (GPC)" M, /Mm," M,(NMR)* Yield® (% )
PHBV — 115900 2.30 — —
PHBV-diBr — 2300 1.39 — 82. 17
ABA-=2 2:1 3800 1.36 2900 41. 68
ABA-4 4:1 3900 1.40 3100 52. 49
ABA-8 8:1 4600 1.39 3400 61.59
ABA-10 10:1 5700 1.50 3800 89. 41
ABA-20 20: 1 7500 1. 44 4500 82. 74
ABA-40 40: 1 9200 1.65 6600 92.39
ABA-80 80: 1 14900 1.97 8100 87.99
ABA-120 120: 1 16900 2.21 8700 72.94

*[MMA],:[ 1], is the molar ratio of the initial monomer and PHBV-diBr macroinitiator ;> Determined from GPC in CHCI; at 40 °C ;“ Determined

from' H-NMR spectra

diol FYLLAMEIE T, P KK 3440 ~ 3550 em ™' H ]
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Fig. 2 FTIR spectra of PHBV, PHBV-diol and PMMA-b-
PHBV-6-PMMA triblock copolymer ( DP-20) : (a) total spectra

and (b) enlarge spectra in the range of 1600 ~600 cm ~*

e T AR R B A B 0 3R R S N 0 e W .l R
1 R 4 75y B [ MMA ] [T], b3 fm, =ik
BB e A s 2 [ MMA ] = [ 1], 49 e A
K E] 40 2 1 B, 38 B & R 7R 92.39% ; Y
[MMA ] : [ 1], HeBil R F40: 1R, j= 258 52 3R [
o MMA B B AL /N, MMA 5 R 4 F 1
& PHBV-diBr 1) 5| & BRI AK; B MMA I8
T B B, MMA %551 & 19 JL % L FF, T =



44 o g

R

2014 4

d
CHs

a |
CH, O |

| I I CHa
+F0-CH-C HrCHo-CH-CHC Fo-curcHy0-C—c—ciiy-
b oo P fog T n ¢

CH,e O

Py

Fig. 3
PMMA triblock copolymer (ABA-20) (D)

iR B AL IR 07 R E T 5 > R R B R B — e

I, 52 AT R B I ) 5 18, 1EL dly T R N i R
AL AR 2R 0 TR 09 T B, SRR AR AR B 7= T

a e
C|H3 (I? GHs
#—0—CH—CH;C—CH,~C—*
b ¢ d- ]

7=0
(6]

£
ABA-120} CHj

|
ABA-80 |_ Lh L

W

L

ABA-60 |

i\

ABA-40 PN L)_
ABA-20 A J " A 1 o |
ABA-10 ). A ﬂ e
ABA-8 A A | S SO
ABA-4 b¢ | Ug__l_
ABA-2 ) r " K |

6 5 4 3 2 1 0

)

Fig. 4 '"H-NMR spectra of PMMA-b-PHBV-5-PMMA triblock
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Fig. 6 TG curves(a) and DTG curves (b) of PHBV, PHBV-diol and PMMA-b-PHBV-6-PMMA triblock copolymers
Table 2 Parameters of thermal stability of PMMA-b-PHBV with various DP
Samples Tsq (C) Ty (°C) T (C) T (C) E,(kJ-mol ")
PHBV 278.5 254.2 298.6 311.9 428.25
DP4 289.5 281.8 335.6 377.8 244.67
DP-8 295.7 282.1 340. 8 497.2 169. 83
DP-10 266. 1 278. 1 318.3 473.0 225.18
DP-20 258.5 258. 1 293.7 462. 1 274.56

h T E— LW A TG = i B R Y
(B A AT R, 38 5F Horowitz-Metzger ¥ i+ 8 T #%
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Fig. 7 Plots of In[ In( W;/W,) ] versus @ for the main stage
of thermal degradation of original PHBV and triblock

copolymers
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Synthesis and Thermostability of Crystalline/Amorphous
Triblock Copolymers Consisting of PHBV and PMMA

Heng-xue Xiang, Shi-chao Wang, Xiao-shuang Wen, Zhe Zhou, Mei-fang Zhu"
( State Key Lab for Modification of Chemical Fibers & Polymer Material, College of Materials Science and Engineering ,
Donghua University, Shanghat 201620)

Abstract Crystalline/amorphous triblock copolymers PMMA-5-PHBV-6-PMMA with bacterial polyester poly-
(3-hydroxybutyrate-co-3-hydroxyvalerate) ( PHBV ) as crystalline component and polymethyl methacrylate
(PMMA) as amorphous component were prepared via atom transfer radical polymerization ( ATRP). Molecular
weight and molecular weight distribution, molecular structure have been characterized by gel permeation
chromatography ( GPC ) , together with Fourier transform infrared spectroscopy ( FTIR), and 'H nuclear
magnetic resonance (' H-NMR ). The morphology of the triblock copolymers was characterized by polarizing
optical microscopy (POM). Thermal stabilities have been studied by thermal gravimetric method (TG) , and
the degradation activation energy was calculated by Horowitz-Metzger method. Results showed that the
maximum yield of triblock copolymer was 92.39% . The crystalline morphology of neat PHBV shows obvious
banded spherulites. With PMMA content increase, the crystalline morphology of triblock copolymers changes
from “banded pattern” to “radial pattern” ,with a decreasing radius of spherulites. When the molar ratios of
PMMA and PHBYV is 10: 1, the edge of spherulites becomes unclear. The TG analysis revealed that T, T, ,
T ... of triblock copolymer with the molar ratios of PMMA and PHBV between 2: 1 and 8:1 were raised to 25,
15 and 40 °C , and the degradation activation energy of triblock copolymers may decrease from 428.25 kJ-
mol ' to 169. 83 kJ-mol '

Keywords  Crystalline/amorphous, PHBV, PMMA, Triblock copolymer, Thermodegradation kinetics,
ATRP
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