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=Abstract=
Synthesis and Characterization of Biocompatible and Biodegradable
Polyesters (Il ) : Crystallization and Biodegradation of
Poly (1, 4-butanediol succinate)

Dae Kyung Song, Jung Suk Sung*, Inn-Kyu Kang*, Young Moo Lee™, and Yong Kiel Sung

Biodegradable poly(l,4-butanediol succinate) (PBS) was synthesized from |.4-butanediol and suc-
cinic anhydride. The glass transition temperature of poly(l, 4-butanediol succinate) was revealed at
737C. The crystallization and cold crystallization of the polymers were investigated as a function of
holding time in melt state, cooling rate, reheating, and molecular weight. Chain scission andfor cros-
slinking did not occur in the melt state at various holding times. Slower scanning rate can allow more
times for nucleation, rearrangement, and packing of the polymer chain, so the onset temperature of
crystallization from the melt was increased. PBS crystallized from the melt was found to have spher-
ulitic structure. The degradation behavior of PBS was studied under basic conditions and with mic-
roorganisms using the modified ASTM method. In the basic solution, PBS lost up to 85% of its mass
within two days. Based upon visual observation, the crystalline structure of films composed of larger
molecular weight polymers retained their crystallinity longer than similar structures in low molecular
weight samples.
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Table 1.
of poly (1, 4-butanediol succinate).

Molecular weight and molecuiar weight distribution

Synthetic condition

GPC results
Sample Reaction Mole % of
time (hr). - catalyst Mn Mw MWD

333 0.4 2,700 4,600 1.69

4.5 0.4 3,300 6,300 1.88

PBS 12 0.4 5,700 11,000 1.92
17 0.4 9,400 18,000 1.91

20 0.4 16,000 29,000 1.82

Table 2. Preparation of neutrient-salts broth

Reagents ~ weight
Potassium dihydrogen orthophosphate (KH:POx) 0.7
Magnesium sulfate (MgSOs 7H20) 0.7
Ammonium nitrate (NH:NO3) 1.0
Sodium chloride (NaCl) 0.005
Ferrous sulfate (FeSOs 7TH:0) 0.002
Zinc sulfate (ZnSOs TH:0) 0.002
Manganous sulfate (MnSOs 7TH:0) . 0.001
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Fig. 1. DSC melting curves of poly{l,4-butanediol succinate)
(Mw:18,000) as a function of heating rate.

Table 3. The enthalpy changes and the onset and maximum
temperatures of the crystallization exotherm for poly(1, 4-but-
anediol succinate)on cooling process from the melt in the DSC

at various hoiding times.

Holding Tc,onset Tc,max HHe
Time(hr) © () (callg)
0.08 83.3 78.3 -20.3
0.5 82.5 7.7 -20.4

1 81.8 77.0 -20.6

4 81.1 ' 76.5 -19.9

8 80.1 75.4 -20.4

24 80.2 75.4 -20.2

48 80.8 75.5 -20.2
100 80.6 753 -20.1
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Table 4. The enthalpy changes and melting temperatures of
poly (1, 4-butanedio! succinate) (Mw: 1,800)on reating process
in DSC at various holding time.

Holding AHe Tm
Time (ht) (cal/g) ©)
0.08 22.3 116.1
0.5 22.5 115.9
1 224 115.5
22.1 115.3
8 225 115.0
24 224 114.8
48 222 114.6
100 21.8 114.2
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Fig. 2. The onset temperature of crystallization and maximum
crystallization temperature for various molecular weights of
poly (1,4-butanediol succinate).
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Fig. 3. Cold crystallization temperatures and melting temper-
atures on reheating processes as a function of molecular weig-
hts.
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Fig. 4. DSC cooling curves of poly(l, 4-butanediol succinate)
(Mw:18,000) at various cooling rates.
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Fig. 5. DSC thermograms of poly(l, 4-butanediol succinate)
(Mw:18,000) in the reheating process; Supercooling process
were accomplished prior to reheating on scan rate 10C/min.
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Fig. 6. Spherulites grown in the thin film of poly (1, 4-butaned-

iol succinate).
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Fig. 7. Micrographs of poly(l, 4-butanediol succinate) films.
Films were sterilized at 140°C for four hours; (a) Mw 6,300, (b)
Mw 29,000. The suspension of microorganism was inoculated on
the polymer film; (¢) Mw 6,300 (d) Mw 29,000
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Fig. 8. Biodegradation of poly (1,4-butanediol succinate) (Mw:
6.300)by Aspergillus niger.
(a) one week (b) three weeks (c) seven weeks (d) ten weeks
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Fig. 9. Biodegradation of poly(1,4-butanediol succinate) (Mw:
6,300)by Penicillium funicularium.
(a) onc week (b) three weeks (c) seven weeks (d) ten weeks

Fig. 10. Biodegradation of poly (1,4-butanediol succinate) (Mw
29.000)by Penicillium funicularium.
(a) one week (b) three weeks {¢) seven weeks (d) ten weeks
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Fig. 11. Biodegradation of poly (1,4-butanediol succinate) (Mw
1 29,000)by Aspergillus niger.
(a) one week (b) three weeks {c) seven weeks (d) ten weeks
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