2 No.2
2009 2 ACTA POLYMERICA SINICA Feb. 2009
*
310027
I- / PLLG-diol .- / PCG-diol
. . 98% ~99.5% 939% ~
98.5% - 37°C
40 ~ 50°C
3
BSMPs
4
5
1~10
SMA BSMP .1 BSMP
2 100% ~ 400%
SMA 8% 3
NMR CT X 4 5
) L- / PLLG-diol e-
BSMP / PCG-diol
SMA
- BSMP. BSMP
111 12 13
/
14
BSMP
BSMP 5710
134689
15
1
BSMP o1 1.1
2 L- 90%
* 2008-05-04 2008-07-10 20674067 20406018 20304012 *% E-mail

wulinbo @ zju. edu. cn
153



154 2009

99 % 1.2
e- CL AR L- LLA GA L-
CaH, 1 4- 16 17
BDO L- / PLLG-diol e-
TDI 80:20 / PCG-diol P
.1 02- BDO

Table 1 Number average molecular weight polydispersity and thermal transition temperatures of segmented poly ester-urethane s and the corresponding

macrodiols PLLG-diol and PCG-diol

. PLLG-diol PCG-diol P LLG-mb-CG multi block copolymer®
Symbol M, cpc PDI > c T, <C M, cpc PDI T, C M, cec PDI  T,¢ C Tt C
100/0 4000 3200 1.29 34.7 124.1 4100 1.18 52.9 24000 1.65 — 123.5
100/0 6000 5100 1.08 43.9 137.8 5600 1.15 57.5 24000 1.56 50.5 127.7
100/0 8000 7400 1.08 45.7 151.9 7400 1.18 58.3 62000 1.48 52.5 144.8
100/0 10000 9500 1.08 47.8 153.1 9600 1.20 58.4 64000 1.40 — 143.1
100/0 14000 13500 1.11 53.6 160.5 12800 1.36 57.7 26000 1.22 61.2 136.5
90/10 4000 3800 1.10 36.8 103.5 3200 1.17 43.1 33000 1.98 63.0 —
90/10 6000 6200 1.15 41.8 134.9 6300 1.22 48.3 21000 1.69 72.1 128.7
90/10 8000 7400 1.16 41.2 139.5 7900 1.40 49.3 21000 1.37 71.5 132.5
90/10 10000 10500 1.10 4.3 136.0 10000 1.49 49.5 32000 1.43 71.7 134.6
90/10 14000 13800 1.19 42.1 136.3 12600 1.46 49.7 52000 1.61 79.2 130.5
80/20 4000 4400 1.13 36.9 101.3 4000 1.28 37.7 14000 1.53 61.5 —
80/20 6000 5100 1.14 40.5 119.2 6300 1.30 38.1 23000 1.42 56.2 —
80/20 8000 6000 1.18 39.5 120.5 7300 1.33 39.2 30000 1.53 — —
80/20 10000 11000 1.30 43.8 123.6 10700 1.43 42.5 35000 1.53 75.7 —
80/20 14000 13200 1.14 42.7 125.8 13700 1.39 42.9 50000 1.46 70.7 —

* Designed composition molar ratio in monomer feed LLA/GA or CL/GA which is close to the actual copolymer composition and designed number
average molecular weight M, of the macro-diol PLLG-diol and PCG-diol * Glass transition temperature of PLLG-diol determined from the second DSC
scanning © The segmented poly ester-urethane s were synthesized using 80 wt% PLLG-diol as hard segments and 20 wt% PCG-diol as soft segments in all
experiments. Both segments have the same designed composition and number average molecular weight ¢ ¢ T, is the low melt temperature of the soft

segments and T, is the high melt temperature of the hard segments in the segmented poly ester-urethane s determined from the first DSC scanning.

L- PLLA e- PCL
PLLG-diol K « PLLG PCG
PCG-diol 1 2- Kps = 1.258 x 107" ap = 0.717 Ky, =
80°C  PLLG-diol PCG-  5.4x 107" apyy =0.639 Kpy =1.09 x 1077 ap
diol ™I 1 2- =0.600"® .
80°C 4 h. DSC  Perkin Elmer
DSC7 . 6~7 mg
- 10 K/min  20°C 180°C 5 min
10 K/min 20°C 5 min 10
1.3 K/min 180°C.
GPC Waters 150C Waters Co.
.3 Waters HR4 HR3 20 mm x4 mm x 0.2 mm ~ 0.3
HR2 600 ~ 7 x 10° mm. Thue +
15C T,,. PCG-diol 5
1.0 mL/min 50 pL. min 10 mm/min

100%
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Fig. 3 The shape programming and recovery process of segmented poly ester-urethane s 100/0 10000
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Fig. 4  The dependence of the strain fixity rate and strain

recovery rate on the molecular weight and composition of hard

and soft segments in the segmented poly ester-urethane s P
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Fig. 5  Strain recovery of segmented poly ester-urethane s
80/20 10000 at different temperatures


Absent Image
File: 0


- 157

37°C
40C 1.5 min

45°C  50°C 30
PCG-diol S 15 s.

5 - 80/20 . 6

10000

100 mﬁﬁgﬁ% """""""""" POPEET T S5 K min

—0—5 K/min
80 \\

i:! —A— 10 K/min
b\ O
- X\
\
u]

40 \ =
\i
20 - _p— 2 K/min \\
—0— 5 K/min
—A— 10 K/min 3
1

0_ ___________

1 | |
20 40 60 0 S 10 15 20 25 30
Temperature (°C) Time (min)

Strain (%)

' Fig. 6 Strain recovery of segmented poly ester-urethane s 80/20 10000 at different heating rates
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SYNTHESIS AND THERMAL INDUCED SHAPE MEMORY PROPERTIES
OF BIODEGRADABLE SEGMENTED POLY ESTER-URETHANE S

YUAN Zheng JI Bin WU Linbo
The Sate Key Lab of Chemical Engineering Polymer Reaction Engineering Branch — Institute of Polymer Engineering
Department of Chemical and Biochemical Engineering  Zhejiang University ~Hangzhou 310027

Abstract It is very important to manipulate the switch temperature mechanical properties and degradation rate of
biodegradable shape memory polymers BSMPs from the viewpoint of practical applications. This can be realized
through molecular design of the microstructure of the building blocks of BSMPs. In this study hydroxy-telechelic
poly L-lactide-co-glycolide ~ PLLG-diol  and poly e-caprolactone-co-glycolide =~ PCG-diol  copolymers with
adjustable composition molecular weight and thermal transition temperature were synthesized wvia ring opening
copolymerization of L-lactide/glycolide and e-caprolactone/glycolide respectively. Biodegradable segmented poly-
ester-urethane s were then synthesized via reaction with diisocyanate using them as hard and soft segments
respectively . Their molecular weight distribution thermal transition and thermal induced shape memory behaviors
were studied with GPC DSC and thermomechanical characterization respectively. Segmented poly ester-urethane s
exhibit excellent shape memory properties with strain fixity rate of 98% ~ 99.5% and strain recovery rate of 93%
~98.5% . The strain fixity rate is independent of the composition and molecular weight of the segments but the
strain recovery rate increases with increasing the molecular weight or decreasing the GA content in the segments.
With controlling the transition temperature of the soft segments the shape recovery does not occur at body
temperature but takes place at a little higher temperature in the range of 40 ~ 50°C . This character is very desired for
and beneficial to clinical applications. The shape recovery speed can be adjusted by the environmental temperature or
the heating rate.

Keywords Biodegradable polymers Shape memory Biodegradable shape memory polymers Hydroxyl telechelic

polyesters





