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A series of novel amphiphilic block polyurethanes (PUHE) have been successfully synthesized by solution polymerization of the
derived PHB-diol and poly(ethylene glycol) with a coupling agent of 1,6-hexamethylene diisocyanate (HDI), while the PHB-diol
was prepared via the transesterification of PHB and ethylene glycol. The hydroxyl contents in PHB-diols range from 1.36 to 1.99
(the molar ratio) as determined by nonaqueous titration. The molecular weight and chemical compositions of PUHE and PHB-
diol were investigated by GPC, 1HNMR, and FTIR in detail, which confirm the successful synthesis of PUHE.The tensile strength
and elongation at break of PUHE could reach as high as 20MPa and 210%, as the content of PHB in PUHE is 33%. TGA curves
indicate that block-bonding between PHB-diol and PEG increases the thermal stability of PHB-diol. Film degradation of PUHE
was studied by weight loss and scanning electron microscope (SEM). It could be concluded that degradation occurred gradually
from the surface to the inside and that the degradation rate could be controlled by adjusting the PHB/PEG ratios. These properties
make PUHE able to be used as a biodegradable thermoplastic elastomer.

1. Introduction

Polyhydroxybutyrate (PHB) originated from bacteria has
been considered one of the most prospective bioplastics [1, 2]
due to excellent strength close to that of isotactic polypropy-
lene and favorable melt processability [3, 4] for conventional
process, such as extrusion [5, 6], moulding [7, 8], and
spinning [9, 10]. Therefore, PHB is widely used in the fields
of food packaging [11], tissue engineering [12], drug delivery,
and so forth [13–15].However, it should bementioned that the
application of PHB is greatly limited by the brittleness, high
hydrophobicity [16–18], and the narrow processing window
[19, 20].Thus,many attempts have been developed to improve
the properties of PHB, including the preparation of block or
graft copolymers or blending with suitable polymers [21–26].
Among them, block copolymerization is regarded as a simple
and effective approach.

Polyurethane elastomer is a kind of block copolymer
composed of soft and hard segments [27–29], which can
be synthesized by the reaction between polymer terminated
with free hydroxyl groups and difunctional isocyanates [30–
34]. And the easy control over the domain structure of
polyurethanes through the selection ofmonomer unitsmakes
it superior to other kinds of PHB material. In the synthesis
of polyurethane elastomer, mole ratio of NCO/OH shows a
significant effect on the mechanical and hydrophilic perfor-
mance. As NCO/OH molar ratio increases, the proportion
of hard segments of polyurethane will increase leading to a
decrease of the flexibility of chain. Meanwhile, the increase of
NCO/OHmolar ratio results in an increase in the number of
hydrogen bonds, which leads to an increase in crosslink den-
sity (hydrogen bonds formed from the cross-linking); thus,
the hydrophobicity of polyurethane will increase accordingly.
NCO content could be accurately determined by chemical
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analysis method [35]. However, few researches focus on the
measurement of the content of free hydroxyl groups.

PHB oligomers terminated with free hydroxyl groups
may be produced by the transesterification of alkane-diols
with high molecular weight of PHB. Saad et al. syn-
thesized macrodiols by transesterification of PHB in 1,2-
dichloroethane with 1,10-decanediol and p-toluenesulfonate
as catalysts [36]. Hirt et al. obtained telechelic dihydroxy-
PHB by glycolysis of bacterial derived high molecular weight
dihydroxy-PHB [37]. However, it is still a challenge to
quantify the terminal hydroxyl content in PHB oligomers
and to study its effect on properties of the corresponding
polyurethanes.

Herein, a promising polyurethane elastomer was syn-
thesized by solution polymerization of PHB-diol and
poly(ethylene glycol) with a coupling agent of 1,6-hexameth-
ylene diisocyanate (HDI). While the PHB-diol was prepared
via the transesterification of PHB with ethylene glycol,
the hydroxyl content of PHB-diol was quantified by the
titration of acetic anhydride-pyridine. Then chemical
compositions were investigated with GPC, 1H NMR, and
FTIR in detail. The relationship between block structure
and degradation profiles was performed. Furthermore,
the thermal and mechanical properties of as-prepared
PUHE were studied to exploit its potential application as
thermoplastic biodegradable elastomer.

2. Experimental

2.1. Materials. Polyhydroxybutyrate (PHB, Mn of 7.0 × 105 ±
10%g/mol) was purchased from Zhejiang Tianan Tech Co.
Ltd. (Zhejiang, China). All PHB samples were purified by dis-
solving in chloroform followed by filtration and precipitation
in ether before use. 1,6-Hexamethylene diisocyanate (HDI)
(99%, Sigma, USA) was used without further purification.
Chloroform, p-toluenesulfonic acid (PTSA), and ethylene
glycol were all from Kemiou Reagent Development Center
(Tianjin, China) and were used as received.

2.2. Preparation of Dihydroxy-Terminated PHB Oligomers
(PHB-Diol). Dihydroxyl-terminated PHB oligomers (PHB-
diol) were prepared by transesterification between the
purified PHB materials and ethylene glycol using p-
toluenesulfonic acid as catalyst [38–40]. Typically, purified
PHB (10 g) was dissolved in 100mL of chloroform and
refluxed in nitrogen. Subsequently p-toluenesulfonic acid
(4.8 g) and ethylene glycol (20 g) were added. The reaction
temperature was controlled at 60∘C.The reaction was carried
out under reflux for 6∼10 h depending on required molecular
weight of PHB-diol. The resultant solution was washed with
distilled water for 3 times, concentrated, and dried under
reduced pressure.

2.3. Hydroxyl Titration. Nonaqueous titration was employed
to determine the hydroxyl content in PHB oligomers [41].
0.10 g of PHB oligomers was added to 5mL solution of acetic
anhydride in pyridine (2.0% v/v) and then heated up to 100∘C
for acetylation of 1 h. After that, 1mL H

2
O was added to the

reaction mixture that was left alone for another 0.5 h. The
solution of KOH in methanol (2.0 g/L) was used to titrate the
reactionmixture inwhich several drops of thymol blue/cresol
red solution (3/1, 0.4%w/v) were added as the indicator. The
blank titrating experiment without PHB oligomers followed
the same procedure as above.

2.4. PHB-PEG Urethane Preparation. A series of polyure-
thanes (PUHE) were synthesized by different molar ratios
of polyethylene glycol (Mn = 1500 g/mol) and PHB-diols
with different molecular weight. 1.8 g of PHB-diol and
polyethylene glycol were dried in a 25mL two-necked tube
at 40∘C under vacuum overnight. Then, 20mL of anhydrous
1,2-dichloroethane was added to the flask, and any trace
of water in the system was removed through azeotropic
distillation with only 5mL of 1,2-dichloroethane being left in
the flask. When the flask was cooled down to 75∘C, 0.20 g of
HDI (1.2 × 10−3mol) and two drops of tin octoate (8 × 10−3 g)
were added sequentially. The reaction mixture was stirred
at 80∘C under nitrogen atmosphere for 48 h. The resultant
copolymer was precipitated in diethyl ether and further
purified in a mixture of methanol and diethyl ether.

2.5. 1H NMR Spectrum. The chemical structure and mon-
omer composition were determined by 1H NMR using
a ADVANCEIII 400MHz NMR spectrometer. The NMR
spectrum was obtained at room temperature in CDCl

3

(20mg/mL) with tetramethylsilane (TMS) as an internal
standard.

2.6. Fourier Transform Infrared (FTIR) Spectroscopy. Fourier
transform infrared (FTIR) spectroscopy was measured by a
Bio-Rad FTS135 (Bio-Rad, USA) spectrophotometer. PHB-
co-PEG block polyurethane (PUHE) was dissolved in chlo-
roform, coated on a KBr pellet, and dried before test.

2.7. Gel Permeation Chromatography. Average molecular
weights were determined by gel permeation chromatography
(GPC) using chloroform as an eluent at a flow rate of
1.0mL/min in Waters 1525 pump with a combination of four
Styragel columns series (Styragel HR, 5mm) and equipped
with a 2414 differential refractive index detector and UV
detector (Agilent Technologies PL-GPC 50 Integrated GPC
System, USA). The sample concentration was 2mg/mL and
150 𝜇L of the injection volume. The calibration curve was
obtained using polystyrene standards (Shodex, Japan). All
samples were carried out with 64 scans at a resolution of
2 cm−1 at room temperature.

2.8. Differential Scanning Calorimetry (DSC) Measurements.
Differential scanning calorimetry (DSC) measurements were
performed on TA Instruments Q100 differential scanning
calorimeter equipped with an auto-cool accessory and cal-
ibrated using indium. The following protocol was used for
each sample: heating from room temperature to 150∘C at a
heating rate of 5∘C/min, holding at 150∘C for 3min, cooling
from 150 to −50∘C at a heating rate of 5∘C/min, being
isothermal at −50∘C for 3min, and finally reheating from −50
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Scheme 1: Synthesis of PHB oligomer.

to 150∘C at a heating rate of 5∘C/min. Data collected from
both first cooling and second heating runs were analyzed and
peak maxima were taken as transition temperatures.

2.9. Thermogravimetric Analysis. Thermogravimetric analy-
sis (TGA) was carried out on TA Instruments SDT 2960.
Samples were heated at 20∘C/min from room temperature
to 500∘C in a dynamic nitrogen atmosphere (flow rate
70mL/min).

2.10. Mechanical Property. The tensile experiment was con-
ducted on a WD-10E electronic universal tensile machine
(made in Changchun Second Material Experiment Factory,
type: WD-10E) at room temperature with the loading speed
of 2mm/min.

2.11. Degradation Experiments. Copolymer films were pre-
pared by solvent casting from a 10wt% chloroform solution.
The resultant films were dried in vacuo at 50∘C for 2 days,
cut into discs (diameter, 25mm; thickness, 2mm), and used
for the degradation experiments. The polymer films (approx.
200mg) were placed in small bottles containing 10mL buffer
solution (pH 7.4) under a constant temperature of 37∘C.
The PBS buffer solution contained 8.0 g NaCl, 0.2 g KCl,
1.44 g Na

2
HPO
4,
and 0.24 g of KH

2
PO
4
in 1 L solution. Buffer

solution in small bottles was renewed every 2 weeks, and
samples were removed periodically, washed with distilled
water, and subsequently dried in vacuum to a constant weight
before analysis.

Theweight loss of the polymer films after degradationwas
evaluated with residual weight (%), which was defined by

Residual Weight (%) = (
𝑤
𝑡

𝑤
0

) × 100%, (1)

where 𝑤
0
and 𝑤

𝑡
were the initial weight and the weight at

time 𝑡, respectively. 𝑤
𝑡
was obtained after drying the samples

at 50∘C under vacuum for 1 week.

2.12. Scanning Electron Microscopy (SEM). The microscopic
morphology of the PHB and PUHE copolymers during
degradation was also investigated with SEM (Hitachi X-650,
Japan). For the morphological measurements, the samples
were coated with gold to provide conductive surfaces.

3. Results and Discussion

3.1. Synthesis of PHB-co-PEG Block Polyurethane (PUHE)
and Its Oligomer. As described in the experimental part,
dihydroxyl-terminated PHB oligomers (PHB-diols) were
obtained through transesterification between high molec-
ular weight natural PHB and ethylene glycol using p-
toluenesulfonic acid as catalyst.

The synthetic schematic route of the controlled alcohol-
ysis of bacterial PHB is shown in Scheme 1. As shown in
Scheme 1, the ethylene glycol broke the ester bond, producing
the double-hydroxyl terminated product. Since the alcoholy-
sis proceeds according to a random cleavage mechanism, the
molecular weight of the degraded product decreases rapidly
at the initial stage. As the reaction continues, the decreasing
rate will fall.

PUHE was synthesized by the solution polymerization
between PHB-diol and polyethylene glycol at 80∘C, and
HDI was chain extender in the reaction system. Because
the reaction is moisture-sensitive, azeotropic distillation was
carried out to remove any trace of water in the system
before HDI was added in. HDI was carefully dropped into
the stirring reaction mixture at 1 drop/10min to keep the
homogeneous reactants and prevent the insoluble byproducts
as less as possible. And the reaction proceeded in dried
1,2-dichloroethane under a nitrogen atmosphere. The target
polyurethane PUHE was isolated and purified from the
reaction mixture by repeated precipitation from a mixture of
methanol and diethyl ether. The reaction process is shown in
Scheme 2. In the molecular chain of PUHE, PHB acts as hard
segment andPEGacts as soft segment, withHDI as a coupling
agent, andmany urethane groups (-NH-COO-) are across the
molecular chain. A number of hydrogen bonds can be formed
between -NH and -CO- groups acting as crosslinking bonds
for the linear molecular chains to assemble into a physical
crosslinked network, which endows the synthetic segmented
copolymer a certain degree of toughness.

3.2. Effects of Alcoholysis on Molecular Weight and Thermal
Properties of PHB-Diols. DSC is a useful measurement for
estimation of the thermal transition of PHB-diols. Melting
temperature (𝑇

𝑚
) and melting enthalpy (Δ𝐻

𝑚
) of PHB-diol

can be obtained from the DSC curves, as listed in Table 1.The
reaction conditions, Mn, Mw/Mn, and other characteristics
of the PHB-diols are also presented in Table 1.The PHB-diols
are denoted as PHB I, PHB II, PHB III, and PHB IV for
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Scheme 2: Synthesis of PHB-co-PEG block polyurethane (PUHE).

Table 1: Reaction conditions, thermal and molecular weight characteristics of PHB-diols.

Sample Alcoholysis
time (h)

Mna

(×103 g/mol)
Mwa

(×103 g/mol) Mw/Mna
𝑇
𝑚

b (∘C) Δ𝐻
𝑚

c (J/g) 𝑋
𝑐

d% Hydroxyl content
(molar ratio)

PHB — 70 175 71.86 49.0
PHB I 1 21.7 34.7 1.59 169.5 71.74 48.9 1.99
PHB II 5 6.98 12.1 1.74 156.4 68.57 46.8 1.36
PHB III 6 6.18 9.72 1.57 156.2 55.9 38.1 1.97
PHB IV 8 4.42 7.33 1.66 158.3 34.38 23.5 1.92
aMn, Mw, and polydispersity (Mw/Mn) were determined by GPC (in g/mol).
bMelt point 𝑇𝑚 was from the DSC second heating run.
cMelting enthalpy was calculated from the endothermal peak in the DSC second heating run.
dCrystallinity calculated from the melting enthalpy in DSC second heating run. Reference value of 100% crystallized PHB was Δ𝐻𝑚

𝜃
= 146 J/g and 𝑋𝑐% =

100 × Δ𝐻𝑚/Δ𝐻𝑚
𝜃.

PHB-diols with Mn of 21700 g/mol, 6980 g/mol, 6180 g/mol,
and 4420 g/mol prepared with various alcoholysis time,
respectively. It is noticeable that melting temperature and
melting enthalpies of PHB-diol decrease with the increase of
the alcoholysis time. It can be observed from Table 1 that the
𝑇
𝑚
values of PHB-diols are directly related to the molecular

weight. 𝑇
𝑚
of PHB-diol decreases by approximately 17∘C as

Mn decreases to 4,420 g/mol compared with precursor. The
relatively high enthalpy of melting (Δ𝐻

𝑚
) of the PHB-diols

indicates a high degree of crystallinity. Based on the reported
value for the heat ofmelting of 100% crystalline PHB (146 J/g)
[24], the degree of crystallinity for our samples was calculated
to be in the range of 23.5∼48.9%. The lowered 𝑋

𝑐
and 𝑇

𝑚
of

PHB-diols compared to the precursors might be due to the
presence of ethylene glycol restricting the crystallization of
the PHB.

GPC is employed to determine the molecular weight and
its distribution of PHB-diol. The results are listed in Table 1.
It shows that the molecular weight of PHB-diol declined
quickly in the initial 5 h of alcoholysis reaction. The Mn
was 21.7 × 103 g/mol after 1 h alcoholysis. When the reaction
time reached 5 h, Mn was decreased by almost two orders
of magnitude compared with precursor, reduced to 6.98 ×
103 g/mol. The decreasing rate of Mn slowed down when the
reaction time exceeds 5 h. All of PHB-diols show the narrow
molecular weight distribution despite undergoing different
reaction time (Mw/Mn = 1.59∼1.74).

3.3. The Hydroxyl Contents in PHB Oligomers. Higher
NCO/OH molar ratio in PUHE yields a high crosslinking
degree resulting in rigid and brittle copolymer, which makes

it difficult to the subsequent processes. In this study, nonaque-
ous titration was employed to quantify the terminal hydroxyl
content.Themolar ratio of PHB to PEGwas fixed at 1 : 1 in the
synthesis of PUHE.The amount ofHDIwas equivalent to that
of the reactive hydroxyl groups in the solution. The hydroxyl
contents in PHB-diol range from 1.36 to 1.99 determined by
nonaqueous titration, as shown in Table 1, which are in good
agreement with the calculated values.

3.4. Characterization of Infrared Spectroscopy. To investi-
gate the compositions of as-prepared PHB-diol and PUHE
elastomer, FTIR is employed as shown in Figure 1. It is
confirmed by the band at 3435 cm−1 corresponding to the
hydrogen-bonded hydroxyl groups with alkoxy, and this
band appears in the spectrum of PHB-diol while it appears
very weak in that of original PHB. As shown in Figure 1(c),
the band near 3435 cm−1 attributed to bonded -NH-groups
is overlapped with hydrogen-bonded hydroxyl groups with
PEG, and absorption peak becomes more distinct. The band
near 1723 cm−1 corresponds to C=O stretching modes. The
amide absorption at 1546 cm−1 is the characteristic peak of
urethane, which demonstrates the copolymerization between
PHB and PEG.

3.5. Characterization of Proton Nuclear Magnetic Resonance
Spectra (1H NMR). The NMR spectra of PHB-diols are
shown in Figure 2, 1H NMR (CDCl

3
): 5.21–5.29 (due to

protons b), 4.21–4.23 (due to protons b and e), 3.81 (due
to protons d), 2.41–2.66 (due to protons a and a), 1.22–1.32
(due to protons c), and 1.16 (due to protons c). This proved
that the hydroxyl-terminated PHB oligomers were produced
successfully.



Journal of Chemistry 5

Table 2: Compositions and molecular weights of resulting PUHE copolymers.

Sample 𝐹PHB (%) 𝐹PEG (%) 𝐹HDI (%) Molecular weight
Mn (g/mol) Mw (g/mol) PDI

PUHE-1 87.3 11.4 1.3 27635 40585 1.47
PUHE-2 84.8 13.7 1.5 18237 29201 1.60
PUHE-3 80.6 16.5 2.9 17370 26382 1.52
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Figure 1: FTIR spectra of (a) PHB, (b) PHB-diol, and (c) PUHE.
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Figure 2: 1H NMR spectra of PHB-diol.

The 1H NMR (CDCl
3
) spectra of polyurethanes (PUHE)

are shown in Figure 3: 5.21–5.29 (due to protons b), 4.93 (due
to protons a and a), 4.20 (due to protons f and f), 1.26 (due to
protons c), 2.44–2.63 (due to protons d), 3.17 (due to protons
g and g), 3.66 (due to protons e, e, f, and f ), 1.48 (due to
protons h and h), and 1.32 (due to protons i and i).

3.6. Compositions and Molecular Weights of PUHE Copoly-
mers. In order to overcome the brittleness of PHB based
block copolymer, a short PHB segment in PUHE is required
to reduce the crystallinity. Herein, PHB content in the block
copolymers could be tuned by adjusting the molar ratio of
PHB-diol and PEG. Three series of PUHE were synthesized
from PEG with Mn of 1500 g/mol and PHB-diols with Mn of
6180 g/mol, respectively.The compositions of PUHE could be
calculated by comparing the integration value of resonances
at 𝛿 = 5.25 ppm assigned to methine in repeating units of
PHB block and that at 𝛿 = 3.66 ppm assigned to methylene
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Figure 3: 1H NMR spectra of polyurethane PUHE.
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Figure 4: GPC diagrams of PHB-diols (a, b, c) and PUHE copoly-
mers (a, b, c). (a) Reaction time: 8 h; (b) reaction time: 6 h; (c)
reaction time: 5 h.

in repeating units of PEG block. The compositions of the
polymers are presented in Table 2. As is shown from Table 2,
the molecular weight of PUHE gradually declines with the
decrease of PHB-diol content.

3.7. Characterization of Gel Permeation Chromatography.
GPC chromatograph was taken to measure the molecular
weight of PHB-diols and block copolymers. Figure 4 shows
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Figure 5: TGA curves of PHB-diol (a) and PUHE (b).
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Figure 6: DTG curves of PHB-diol (a) and PUHE (b).

the typical GPC curves of the block copolymers as com-
pared with those of PHB-diols. In GPC chromatograph,
the unimodal peaks of the purified polyurethanes PUHE
with nonoverlapping compared with those of corresponding
precursors indicate that a complete reaction took place with
no unreacted precursor remaining. All the polyurethanes
PUHE showed narrow molecular weight distribution with
polydispersity ranging from 1.47 to 1.60 and high molecular
weight with Mn from 1.73 × 104 g/mol to 2.76 × 104 g/mol. It
shows that the peaks of block copolymers are shifted toward
a high molecular weight region compared with that of the
original PHB-diols. Together with the results of FTIR and
1H NMR, this confirms the successful synthesis of PUHE by
PHB-diol and PEG via the solution polymerization.

3.8. Thermal Properties. Thermal stability of polymers plays
a crucial role in the determination of their working temper-
ature and the application conditions. Figures 5 and 6 show
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Figure 7: Typical stress-strain curves of PUHE with different
composition.

the typical TGA curves and the corresponding differential
thermogravimetric (DTG) curves of PHB-diol and PUHE,
respectively.The degradation of pure PHB-diol starts at 128∘C
and completes at 227∘C (Figure 5(a)). PUHE (Figure 5(b))
undergoes two-step thermal degradation with the first step
occurring between 230 and 290∘C and the second steps
between 290 and 400∘C. It has been reported that the first
weight loss is assigned to the degradation of PHB hard seg-
ments as a consequence of its relatively low thermal stability
whereas the second weight loss is dominated by the thermal
degradation of the PEG soft segments [42]. DTG curves
show that the degradation velocity of PHB chain segment in
copolymer was obviously lower than PHB-diol. It indicates
that block-bonding between PHB-diol and PEG increases the
thermal stability of PHB-diol. This is in accordance with the
result of other PHB segmented copolymers.

3.9. Mechanics Performance Testing. Toughness is an impor-
tant mechanical property for engineering polymers. Figure 7
gives the stress-strain curves of PUHE with different compo-
sition.The PUHE with different compositions are denoted as
PUHE-25, PUHE-33, and PUHE-50 for PHB content with 25,
33, and 50, respectively.

As shown in Figure 7, PUHE-50, with a PEG content
of 50%, is brittle with a yield strength of 12.92MPa and
elongation at break of only about 2.36%. When PEG content
increases to 67%, the breaking strength of PUHE reaches as
high as 20MPa, with the elongation at break being about
210%. The elongation at break and tensile strength of PUHE
are markedly increased, which is mainly attributed to the
regularity of PHB structure being broken and the crystallinity
being declined. A certain amount of PEG plays internal
plasticization role in the copolymer. At the same time, it is
found that the fracture characteristic of PUHE is obviously
transformed from brittleness into ductility with a gradual
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Figure 9: SEM micrographs of PUHE-50 film at various stages of degradation at pH 7.4.

increase in PEG content. When polyethylene glycol content
increases to 75%, the matrix gives priority to polyethylene
glycol and the mechanical strength and elongation at break
are substantially decreased.

3.10. Degradation Investigation. A degradation study was
carried out using the solution-cast films submerged in phos-
phate buffer solution at 37∘C. The residual weights of the
selected polymers prior to and after hydrolysis were studied
(Figure 8). A linear decrease in the residual weight of the
PUHE films was observed from week 2 onwards with a final
weight loss of about 10∼15% by 12 weeks of degradation.
Compared with degradation profiles of samples PUHE-50
and PUHE-25, the former showed a slower degradation rate
in the investigated period. Polymer PUHE-25, containing
75wt% PEG in hydrolytic degradation, recorded the most
dramatic decrease in physical weight of the polymer film,
revealing that the strong polymer hydrophilicity was in favor
of faster degradation [43]. As expected, the copolymers
erosion could be controlled by adjusting the PHB/PEG ratios.

3.11. SEM Analysis of Film after Hydrolysis. The morphology
of PUHE films degraded in PBS was observed by SEM. It was
shown that degradation occurred gradually from the surface
to the inside. A surface morphology change accompanied
with structural deterioration of the film and an increase in
porosity and cracks were observed throughout the course
of degradation lasting over 12 weeks. A PUHE-50 showed
greater hydrolytic stability to degradation probably due to
the higher PHB content in the copolymer preventing the
entry of the hydroxyl and water molecules (Figure 9) [40].
A PUHE-25 film presented with more extensive cracks and
network structures in progressiveweeks, suggesting extensive
degradation (Figure 10).

4. Conclusion

The telechelic PHB with hydroxyl groups at both chain
ends was successfully prepared by alcoholysis of PHB in the
presence of p-toluenesulfonic acid as catalyst. The molecular
weight was decreased by almost two orders of magnitude of
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Figure 10: SEM micrographs of PUHE-25 film at various stages of degradation at pH 7.4.

PHB. DSC results show that the melting temperature (𝑇
𝑚
)

decreases with the molecular weight of PHB decreasing.
The hydroxyl contents in PHB-diol are ranging from 1.36
to 1.99 (the molar ratio) as determined by nonaqueous
titration, in good agreement with theoretical value. A series
of novel biodegradable amphiphilic polyurethanes PUHEhas
been successfully synthesized through the coupling reac-
tion between hydroxyl groups in PHB-diol and PEG. The
chemical compositions have been investigated by 1H NMR
and FTIR. GPC analysis confirmed the complete reaction
producing polyurethanes with relatively narrow molecu-
lar weight distributions. TGA curves indicate that block-
bonding between PHB-diol and PEG increases the thermal
stability of precursor. Tensile strength and elongation at break
of PUHE could reach as high as 20MPa and 210%, when the
content of PHB in PUHE decreases to 33%. It is shown that
hydrolytic degradation of PUHE occurred gradually from
the surface to the inside. PUHE containing 75wt% PEG in
hydrolytic degradation recorded the most dramatic decrease
in physical weight of the polymer film.The in vitro hydrolysis
of PUHE could be controlled by adjusting the PHB/PEG
ratios. These properties indicate that PUHE can be used as
a biodegradable thermoplastic elastomer.
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