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ABSTRACT: Poly(ethylene succinate) (PES) and its copo-
lyesters that contain 7, 10, or 48 mol % butylene succinate
(BS) were synthesized through a direct polycondensation
reaction with titanium tetraisopropoxide as the catalyst.
Measurements of intrinsic viscosity (1.08–1.27 dL/g)
proved the success of the preparation of polyesters with
high molecular weights. The compositions and the
sequence distributions of the copolyesters were deter-
mined from 1H and 13C NMR spectra. The distributions of
ethylene succinate and BS units were found to be random.
Their thermal properties were elucidated using a differen-
tial scanning calorimeter (DSC) and a thermogravimetric
analyzer. No significant difference exists among the ther-

mal stabilities of these polyesters. All of the copolymers
exhibit a single glass transition temperature. Wide-angle
X-ray diffractograms (WAXD) were obtained from polyest-
ers that were crystallized isothermally. The DSC thermo-
grams and WAXD patterns indicate that the incorporation
of BS units into PES significantly inhibits the crystalliza-
tion behavior of PES. The heat of fusion of ideal PES crys-
tals is 163 J/g, as determined by the depression of the
melting point of PES crystals in acetophenone. VVC 2008 Wiley
Periodicals, Inc. J Appl Polym Sci 111: 1433–1439, 2009
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INTRODUCTION

Problems of environmental pollution and waste
management associated with bio-resistant synthetic
plastics have become increasingly serious in the last
several decades. With the rise of concern about the
global environment, much attention has recently
been paid to fully biodegradable polymers. Among
biodegradable polymers, aliphatic polyesters have
attracted considerable attention; they include poly
(L-lactic acid), poly(e-caprolactone), poly(ethylene
succinate) (PES), poly(butylene succinate) (PBS),
poly(3-hydroxyvalerate), and poly(4-hydroxybuty-
rate). These are considered to be biodegradable
because of their susceptibilities to enzymes and
microorganisms.1

PES and PBS are two commercial polyesters with
a relatively high melting temperature and favorable
mechanical properties,2 which are similar to those of
such extensively used polymers as low-density poly-
ethylene and polypropylene. PBS exhibits a lower

biodegradation rate than PES because of its higher
crystallization rate and crystallinity. A few ap-
proaches have been used to maintain their physical
properties and to increase biodegradability; they
include physical blending, copolymerization, and the
formation of a composite with organoclay. With
respect to copolymers,3–9 degradation rates can be
increased by incorporating small amounts of differ-
ent kinds of diacids or diols, and this is basically
attributed to the reduced crystallinity. The crystal-
line structure10–13 and the crystal growth kinetics14,15

of PES have been studied. Qiu et al.16,17 have eluci-
dated the isothermal and nonisothermal crystalliza-
tion behavior of PES. The dependence of the
crystallization rate and the primary nucleation rate
of PES on molecular weight has also been investi-
gated.18,19 The crystalline structure,20–23 crystalliza-
tion, and melting behavior15,24–26 of PBS have been
examined. A series of PES and PBS copolymers have
been synthesized and studied,6,27,28 and a PBS-co-
14%PES copolyester has been extensively
reported.29,30

The degree of crystallinity, spherulite size, and
lamellar structure of aliphatic polyesters affect the
biodegradation rates, because biodegradation ini-
tially takes place in the amorphous region.31,32

Therefore, estimating the degree of crystallinity from
the ratio between the enthalpy of fusion and the
heat of fusion of ideal crystals (DHo

u) is important.
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Flory and coworkers33–35 proposed a method for
evaluating DHo

u from the melting point depression in
the polymer-diluent system. Malik and Nandi36 used
this method to estimate the heat of fusion of poly
(3-alkyl thiophene)s. Recently, Papageorgiou and
Bikiaris15 estimated the DHo

u of PES by dividing the
enthalpy of fusion obtained from the differential
scanning calorimetry (DSC) data by the crystallinity
(Xc) determined from wide-angle X-ray diffraction
(WAXD) pattern, giving a value of 180 J/g.

In this study, PES, PBS, and PES-rich copolyesters
were synthesized. They were characterized using 1H
and 13C NMR, DSC, thermogravimetric analyzer
(TGA), and WAXD. The DHo

u value of PES was esti-
mated from the melting point depression in the PES-
acetophenone system according to the Flory equa-
tion.37 Furthermore, the rates of cold crystallization
and recrystallization of PES and PES-rich copoly-
mers from the amorphous glass state are compared,
and the degrees of crystallinity are also calculated
from the enthalpy of melting during heating utiliz-
ing the obtained value of DHo

u.

EXPERIMENTAL

Materials

Ethylene glycol (EG) (Showa, 99.5%), 1,4-butanediol
(BD) (Acros, 99%), and succinic acid (SA) (Acros,
99%) were used without purification. Titanium tetra-
isopropoxide (TTP) (Acros, 98þ%) was used as
received. Other solvents for the analysis were also
used without purification.

Synthesis

PES, PBS, and PES-rich copolyesters were synthe-
sized by a two-step esterification reaction in the
melt. The reactor was a 1 L stainless flask that was
equipped with a magnetic agitator, an electric
heater, a nitrogen inlet and outlet, a drain, a water
cooling system, and a condenser. The reaction mix-
ture was charged into the reactor with a diols :
diacid molar ratio of 1 : 1. TTP was used as a cata-

lyst with a concentration of 0.1 mol % based on the
amount of diacid used. The first two columns of Ta-
ble I present the sample codes of copolyesters and
the feed ratios of the diols. As an example, the syn-
thesis of a copolyester with equal amounts of diols
(PEBSA 52/48) is described as follows.
The reaction mixture of EG (31 g; 0.5 mol), BD (45

g; 0.5 mol), SA (118 g; 1 mol), and TTP catalyst
(0.283 g; 1.0 mmol) was charged into the polycon-
densation reactor. The mixture was purged with
nitrogen and heated with an electrical heater around
the reactor. The temperature of the reactor was
raised to 150�C to melt the acid component com-
pletely. Then the temperature was gradually raised
to 190�C at 10�C/h. The water byproduct formed
during the first stage was collected via a condenser.
The condenser was kept at 100�C by an electrical
heater for the separation of water from the mono-
mers. The volume of water collected was 80 mol %
of the theoretically calculated value. In the second
stage of the reaction, the pressure was slowly
reduced to below 1 Torr, and the temperature was
raised to 220�C after 3 h of reaction. This condition
was maintained for 20 h to facilitate further the reac-
tions of polycondensation and transesterification.
The synthesized polyester was dissolved in chloro-
form and precipitated into 10 times the amount of
vigorously stirred ice-cooled methanol. The precipi-
tate was filtered, washed with methanol, and dried
under reduced pressure at room temperature. The
other two copolyesters (PEBSA 93/7, PEBSA 90/10)
and PES and PBS homopolymers were synthesized
by the same procedures. Ivory white or pale brown
polyesters were finally obtained.
These polyesters had intrinsic viscosity values, [g],

ranging from 1.08 to 1.27 dL/g measured in 60/40
w/w phenol/1,1,2,2-tetrachloroethane solution at
30�C (see the second column of Table II). PES had a
[g] of 1.08 dL/g and a number average molecular
weight of 1.05 � 105 g/mol relative to poly(methyl
methacrylate).38,39 Therefore, the molecular weights
of these synthesized aliphatic polyesters are suffi-
ciently high for the subsequent studies.

TABLE I
Composition, Probabilities of Triads, Randomness Factor (b), and the Average Number Sequence Lengths (Ln) of

Synthesized Copolyesters

Sample
code

Composition
Normalized peak areas of
the carbonyl carbons (%)

Triad sequence
probabilities (%) Composition

b LnES LnBS

Feed ratio
EG/BD

1H NMR
ES/BS ESE ESB-E ESB-B BSB P(ESE) P(ESB) P(BSB)

13C NMR
ES/BS

PEBSA 93/7 95/5 91.6/8.4 85.3 7.3 7.4 0.0 85.3 14.7 0.0 92.7/7.3 1.08 12.6 1.0
PEBSA 90/10 90/10 88.7/11.3 79.8 10.1 10.2 0.0 79.8 20.2 0.0 89.9/10.1 1.11 8.9 1.0
PEBSA 52/48 50/50 52.6/47.4 26.8 25.5 25.6 22.1 26.8 51.1 22.1 52.4/47.6 1.02 2.1 1.9
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NMR analyses

NMR spectra of CDCl3 solutions were recorded with
tetramethylsilane as the reference standard using a
Varian UNITY INOVA-500 NMR at 295.5 K. 1H
NMR spectra were analyzed to determine the
compositions of the copolyesters. 13C NMR was uti-
lized for the determination of both the composition
and the ester sequence distribution in these
copolyesters.

Measurement of DHu
o

Experiments to measure DHo
u were conducted on a

Perkin-Elmer Pyris 1 DSC, equipped with a refriger-
ating system (Pyris Intracooler 2P). The volume frac-
tions of acetophenone solvent, /1, were 0.311, 0.393,
0.466, 0.583, and 0.693, respectively. PES and solvent
were sealed in a high-pressure pan, heated at a rate
of 20�C/min from room temperature to 70�C above
the melting peak temperature of each solution, and
held for 5 min to erase any thermal history. The
specimens were quenched at a maximum cooling
rate to the chosen temperature, and then crystallized
for 500–1000 min to ensure complete crystallization.
After isothermal crystallization, the specimens were
heated at 10�C/min. The melting temperatures were
obtained from the deconvolution of the merged
melting peaks.

The DHo
u value of PES was obtained from the

depression of the melting point in PES-acetophenone
mixture according to the following equation37:

1

T00
m

� 1

T0
m

¼ RV2

DH0
uV1

� �
/1 � v1/

2
1

� �
(1)

where T0
m and T00

m are the equilibrium melting tem-
peratures of the pure polymer and polymer-diluent
system, respectively; R represents the gas constant;
V1 and V2 denote the molar volumes of the solvent
and polymer, respectively; and v1 is the polymer-sol-
vent interaction parameter. v1 can be expressed as
BV1/RT

00
m, where B is the interaction energy density.

Equation (1) can be rearranged into a more conven-
ient form.

1

T00
m

� 1

T0
m

� ��
/1 ¼

RV2

DH0
uV1

� BV2

DH0
u

/1

T00
m

� �
(2)

Plotting (1/T00
m � 1/T0

m)//1 versus /1/T
00
m yields a

straight line. Then, the value of DHo
u can be calcu-

lated from the intercept of this plot.

Measuring thermal properties

Compressed films with a thickness of about 0.2 mm
were made and then dried in vacuum overnight at
room temperature before use. A specimen with a di-
ameter 6 mm and a weight about 4 mg was cut from
a film and sealed in an aluminum pan. The thermal
properties of the polyesters were analyzed using a
Perkin–Elmer Pyris 1 DSC. The specimen was heated
at a rate of 20�C/min to a chosen temperature,
which was held for 5 min to remove the thermal his-
tory. Subsequently, the specimen was quenched
with liquid nitrogen and then heated at a rate of
10�C/min to above its melting temperature (Tm).
The glass transition temperature (Tg), Tm, and cold
crystallization temperature (Tcc) were detected dur-
ing the heating process.

Measurements of thermal stability

Thermal experiments were performed using a TA
2050 TGA. Nitrogen gas was used as the purge gas
with a flow rate of 50 mL/min. A specimen of
lighter than 10 mg was heated at a rate of 10�C/min
from room temperature to 800�C. Weight loss curves
and their derivatives were obtained to compare the
relative thermal stabilities of the synthesized
polyesters.

WAXD measurements

Specimens with a thickness of about 0.5 mm follow-
ing completely isothermal crystallization at a tem-
perature of 5–20�C below their respective Tm values
were prepared using a heating stage (Linkam
THMS-600). X-ray diffractograms were obtained on
a Siemens D5000 diffractometer with Ni-filtered Cu
Ka radiation (k ¼ 0.1542 nm, 40 kV, 30 mA) at a
scanning rate of 1�/min. Measurements were made
at room temperature.

RESULTS AND DISCUSSION

Copolyester composition and sequence distribution

Figure 1 presents the 1H NMR spectrum of PEBSA
52/48 copolymer and the peak assignments. The
chemical shift of the protons of the succinic moiety
(H1) is 2.60–2.70 ppm, whereas that of the protons

TABLE II
Thermal Properties of Synthesized Polyesters

Sample code [g] (dL/g) Tg (
�C) Tcc (

�C) Tm (�C)

PES 1.08 �10.8 47.7 100.9
PEBSA 93/7 1.25 �11.7 53.3 94.5
PEBSA 90/10 1.14 �14.2 56.3 89.8
PEBSA 52/48 1.18 �29.1 – 37.8
PBS 1.27 �41.1 �15.5 113.1
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derived from EG monomer is d ¼ 4.28–4.34 ppm
(H2). The two chemical shifts at 4.08–4.16 and 1.68–
1.74 ppm are associated with the methylene protons
a (H4) and b (H3) bonded to the ester oxygen in the
butylene succinate (BS) units. The composition of
this copolyester is determined from the relative inte-
gration areas of these proton peaks. The mol % of
BS moiety in PEBSA 52/48 is 47.4, as shown in the
third column of Table I. Rows 1 and 2 of the same
column present the compositions of the other two
copolymers.

Figure 2 displays the 13C NMR spectrum of
PEBSA 52/48. The chemical shifts of the ethylene
carbons and the carbonyl carbons of the succinic
moiety are at 28.70–29.00 (C1) and 171.94–172.30 (C5)
ppm, respectively. The diol carbons derived from
EG monomer are at 62.25–62.38 ppm (C2). For BS
units, the chemical shifts of the carbons a and b
bonded to the ester oxygen are located at 64.08–
64.20 (C4) and 25.11–25.22 (C3) ppm, respectively.

A magnified view of the 13C NMR spectrum of
PEBSA 52/48 reveals that the carbonyl carbons (C5)
are split into four peaks, as shown in the inserted
spectrum of Figure 2. The peak C5a is assigned to
the carbonyl carbons with ethylene groups on both
sides of the succinic ester, abbreviated as ESE. The
assigned C5b, C5c, and C5d peaks represent the car-
bonyl carbons of the ESB-E side, ESB-B side, and
BSB structures, respectively, as indicated in the
inserted spectra in Figure 2 (where E represents the
EG unit, S is the succinate unit, and B is the BD
unit). The slight variation in chemical shifts of these
four peaks is caused by the difference of the chemi-
cal environment, such that the integration areas can
be utilized to characterize the chemical microstruc-
tures of these copolyesters.

The total areas of C5a, C5b, C5c, and C5d peaks are
normalized to unity for each copolyester, and their
percentage values of each peak area are listed in
columns 4–7 of Table I under the subtitles of ESE,
ESB-E side, ESB-B side, and BSB. Two peaks (C5b

and C5c) of equal intensity are observed from the
unequivalent carbonyl carbons in the mixed diester
sequence ESB. Three possible triad sequences, ESE,
ESB, and BSB, of copolyesters are then calculated
from the normalized areas, and tabulated in columns
8–10 of the same Table. In the case of PEBSA 52/48,
P(ESE), P(ESB), and P(BSB) are 26.8, 51.1, and 22.1
mol %, respectively, as listed in the third row of Ta-
ble I. The ES% and BS% of copolyesters are given by
the following equations:

ES% ¼ PES ¼ PðESEÞ þ PðESBÞ=2 (3)

BS% ¼ PBS ¼ PðBSBÞ þ PðESBÞ=2 (4)

This copolyester is characterized by having 52.4
mol % ES units and 47.6 mol % BS units. Column 11
of Table I presents the ES% and BS% of other
copolyesters.
The randomness, b, of the copolymer40,41 is given

by b ¼ P(ESB)/(2PES � PBS), where PES and PBS are
the molar fractions of ES and BS units calculated
above. Copolyesters synthesized by polycondensa-
tion have generally been considered to have a ran-
dom distribution. The results are due to the
relatively equal reactivity of comonomers and the
random transesterification during the polycondensa-
tion process. For total randomness of a copolymer, b
is unity. The calculated b values of PEBSA 93/7, 90/
10, and 52/48 are 1.08, 1.11, and 1.02, respectively,

Figure 2 13C NMR spectrum of PEBSA 52/48 and peak
assignments.

Figure 1 1H NMR spectrum of PEBSA 52/48 and peak
assignments.
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as shown in column 12 of Table I. The distribution
of ES and BS units in these copolyesters can be
regarded as random. The reactivities of EG and BD
with SA do not differ markedly. The average num-
ber sequence lengths40,41 of ES and BS units are
given by LnES ¼ 2PES/P(ESB) and LnBS ¼ 2PBS/
P(ESB), respectively. In the case of PEBSA 52/48,
they are 2.1 and 1.9, respectively. These values are
listed in the last two columns of Table I. The values
of LnBS for PEBSA 93/7 and 90/10 are both 1.0.

Heat of fusion (DHu
o) of PES

Figure 3 shows the DSC heating thermograms
obtained at a rate of 10�C/min from a PES-acetophe-
none (/1 ¼ 0.583) mixture after completely isother-
mal crystallization (Tc) at 67, 69, 70, 71, 72, and 73�C,
respectively. Triple melting peaks are observed, and
labeled as Tm1, Tm2, and Tm3 in order of increasing

temperature. The peak at Tm2 shifts to higher tem-
perature, and its intensity increases with Tc. The in-
tensity of the peak at Tm3 declines as Tc increases,
and the ratio of the integrated areas of the peak at
Tm3 to that at Tm2 also decreases. These results reveal
that the peak at Tm3 is associated with the melting of
the recrystallized crystals, and the peak at Tm2 is
attributed to the fusion of the crystals that are grown
during primary crystallization.42 The peak tempera-
tures (Tm2) after deconvolution are plotted as a func-
tion of Tc to determine the equilibrium melting
temperature of the PES-acetophenone mixture (T00

m)
at a solvent volume fraction of 0.583. The Hoffman-
Weeks approach yields a value of 82.7�C. The T00

m

values of the other volume fractions are obtained
using the same method. They are 97.1�C for /1 ¼
0.311, 92.9�C for /1 ¼ 0.393, 89.0�C for /1 ¼ 0.466,
and 77.1�C for /1 ¼ 0.693. Clearly, T00

m decreases as
the volume fraction of the solvent increases. The val-
ues of each pair of T00

m and /1 were used to estimate
the heat of fusion of PES (DHo

u) using eq. (2). The
equilibrium melting temperature of PES (T0

m)
obtained from previous investigation was 112.7�C.39

Figure 4 plots the left-hand side of eq. (2) versus /1/
T00

m. The intercept and the slope of a linear regres-
sion line yield DHo

u ¼ 163 J/g and B ¼ �5.72 � 10�5

J/cm3. The numerical value of the heat of fusion of
PES, determined in this study, is less than the value
in the literature (180 J/g), estimated from WAXD
crystallinity and DSC endothermic enthalpy.15 In the
following section, the value of 163 J/g is used in the
calculation of the degree of crystallinity based on the
heating traces of amorphous polyesters.

Thermal properties

Figure 5 shows DSC heating curves of amorphous
polyesters. PES has the highest Tg at �10.8�C. Tg

Figure 4 Plot of (1/T00
m � 1/T0

m)//1 versus /1/T
00
m for

the PES-acetophenone mixtures.
Figure 5 DSC thermograms of amorphous polyesters at a
heating rate of 10�C/min.

Figure 3 DSC thermograms at a heating rate of 10�C/
min for the PES- acetophenone (/1 ¼ 0.583) mixture after
complete crystallization at indicated temperatures.
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gradually moves to a lower temperature as the moi-
ety of the BS units increases. It ranges from �10.8 to
�41.1�C, as listed in the third column of Table II.
The copolyesters have intermediate Tg between those
of the parent homopolyesters. Such Tg depression is
attributed to the increase in the chain flexibility by
the incorporation of BS units. Furthermore, all of the
copolymers exhibit a single Tg value rather than two
Tg values which would correspond to possible
blocks of PES and PBS. Additionally, all of these
copolyesters have b (randomness parameter) values
of about 1.0, which are obtained from the 13C NMR
analysis (Table I). These results demonstrate that the
comonomer placement in these copolymers is essen-
tially random.

A cold crystallization peak and a small recrystalli-
zation peak just before the melting peak are
observed for PES and PBS homopolymers, as shown
in Figure 5. The peak temperature of cold crystalliza-
tion (Tcc) occurs at �15.5�C for PBS, and this peak
is much sharper than that of PES (Tcc at 47.7�C),
indicating that the cold crystallization rate of PBS
significantly exceeds that of PES. The thermogram of
quenched PES reveals that the enthalpies of the cold
crystallization (DHcc), recrystallization (DHrc), and
melting (DHm) are �40.3, �4.9, and 45.7 J/g, respec-
tively. A net enthalpy value of zero implies that
amorphous PES was obtained after its thermal his-
tory was erased at 170�C for 5 min. The degrees of
crystallinity caused by cold crystallization and
recrystallization are 24.7 and 3.0%, respectively. The
values of DHm of PEBSA 93/7 and PEBSA 90/10 are
44.9 and 18.5 J/g, respectively. The degrees of crys-
tallinity calculated from DHm are 28.0% for PES,
27.5% for PEBSA 93/7, and 11.3% for PEBSA 90/10.

For PEBSA 93/7 and PEBSA 90/10, Tcc moves
from 53.3 to 56.3�C (fourth column of Table II) and
the corresponding peak becomes weaker and
broader, as shown in Figure 5. No cold crystalliza-
tion is detected in the curve of PEBSA 52/48.

Clearly, the incorporation of a few BS units into PES
slows down the cold crystallization rate of amor-
phous specimens. Therefore, the intensity of the
melting peak decreases, and the corresponding Tm

falls from 100.9, through 94.5 to 89.8�C, as listed in
the last column of Table II. In the case of PEBSA 52/
48, Tm was 37.8�C when the specimen kept at room
temperature for more than 3 days.

Thermal stability

Figure 6 plots the weight loss (solid curve) and the
derivative of weight loss (dotted curve) versus tem-
perature for PEBSA 52/48 copolyester in flowing
nitrogen at a heating rate of 10�C/min. At tempera-
tures below 240�C, the specimen appears to be sta-
ble; it exhibits noticeable weight loss only above
241.1�C (defined as Tstart from the derivative curve
of weight loss). Tloss2% is defined as the temperature
at a weight loss of 2% from the weight loss curve. It
was 285.4�C for PEBSA 52/48. The rate of weight
loss gradually increased to a maximum at 404.5�C
(defined as Tmax and identified from the derivative
of the weight loss curve). Table III presents these
three values for all of the polyesters used in this
study, along with their average values. These poly-
esters exhibit no significant difference or no trend
because the experiment depends on the size, shape,
and crystallinity of the specimens.

Wide angle X-ray diffraction

Figure 7 presents WAXD patterns of PES, PBS, and
PES-rich copolyesters that were isothermally crystal-
lized at 5–20�C below their respective Tm values.
The unit cell of the crystalline PES a form is ortho-
rhombic,12,13 and the diffraction peaks from the (120)
and (200) planes are observed at 2y � 20.2� and
23.4�, respectively. Both PEBSA 93/7 and 90/10
copolyesters have diffraction peaks of the PES a
form, but their intensity decreases as the moiety of
the BS units increases. The unit cell of the crystalline
PBS a form is monoclinic,22,23 and the diffraction
peaks from the (020) and (110) planes are observed
at 2y � 19.6� and 22.7�, respectively. The WAXD pat-
tern of PEBSA 52/48 has the characteristic peaks of
the PBS a form, but with very low intensity.

Figure 6 Weight loss and its derivative for PEBSA 52/48
at a heating rate of 10�C/min under nitrogen.

TABLE III
Thermal Stability of Synthesized Polyesters

Sample code Tstart (
�C) Tloss2% (�C) Tmax (�C)

PES 247.1 291.9 379.5
PEBSA 93/7 248.1 283.9 387.4
PEBSA 90/10 242.1 277.9 398.2
PEBSA 52/48 241.1 285.4 404.5
PBS 246.1 298.5 400.3
Average 244.9 � 3.1 287.5 � 7.9 394.0 � 10.3
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CONCLUSIONS

Three PES-rich copolyesters were synthesized in a
random sequence, as evidenced by a single Tg and a
randomness value of near 1.0. Their intrinsic viscos-
ities (1.08–1.27 dL/g) are sufficiently high to prove
their relatively high molecular weight. The heat of
fusion of ideal PES crystals, DHo

u ¼ 163 J/g, is
obtained from the depression in the melting point of
the PES-acetophenone mixture. According to the
compositions calculated from the 1H and 13C NMR
spectra, the content of BS units incorporated into the
copolyesters of PEBSA 93/7 and PEBSA 90/10
slightly exceeds that in the feed. Comparing the heat-
ing trace of amorphous PEBSA 93/7 with that of PES
demonstrates that the peak temperature of the cold
crystallization is delayed 5.6�C (53.3 versus 47.7�C);
the difference between the degrees of crystallinity is
only 0.5% (28.0% for PES minus 27.5% for PEBSA 93/
7); however, the corresponding Tm value is lower at
94.5�C rather than 100.9�C. The heating thermograms
of amorphous specimens and the WAXD patterns of
crystallized specimens reveal that the incorporation
of a few BS units into PES significantly inhibits the
crystallization behavior of PES. The thermal stability
of these polyesters does not vary significantly.
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Figure 7 WAXD patterns from polyesters crystallized at
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