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ABSTRACT: Block copolyetheresters with hard segments
of poly(trimethylene 2,6-naphthalene dicarboxylate) and
soft segments of poly(tetramethylene ether)glycol 2,6-naph-
thalene dicarboxylate were prepared by the melt polycon-
densation of dimethyl 2,6-naphthalene dicarboxylate (NDC),
1,3-propanediol (PD), and poly(tetramethylene ether)glycol
(PTMEG) with molecular weights of 1000. The block copoly-
etheresters were characterized by 1H-NMR spectroscopy,
differential scanning calorimetry, thermogravimetric analy-
sis, and dynamic mechanical analysis. The block copoly-

etheresters synthesized with NDC/PD/PTMEG were more
heat resistant than those synthesized with dimethyl tereph-
thalate/PD/PTMEG. The block copolyetheresters synthe-
sized with NDC/PD/PTMEG showed stronger elastoplastic
behavior than those synthesized with NDC/1,4-butanediol/
PTMEG. © 2003 Wiley Periodicals, Inc. J Appl Polym Sci 88:
139–145, 2003
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INTRODUCTION

Thermoplastic polyester elastomers are multiblock co-
polyetheresters with alternating, random-length se-
quences of either long-chain or short-chain oxyalky-
lene glycols connected by ester linkages. They contain
high melting blocks (hard segments) capable of crys-
tallization and amorphous blocks (soft segments) with
relatively low glass-transition temperatures (Tg’s).1

The hard polyester blocks create a labile physical net-
work on crystallization. The hard segments are dis-
persed in the amorphous matrix, consisting of soft
polyether segments and the noncrystalline part of the
hard segments.2 A variety of starting materials can be
used for the preparation of block copolyetheresters.
The majority of studies have been done on block co-
polyetheresters based on poly(tetramethylene tereph-
thalate) or poly(tetramethylene isophthalate) hard
segments.3–9 There have been few studies on the syn-
thesis of block copolyetheresters with 1,3-propanediol
(PD) and their properties.

Poly(trimethylene terephthalate) (PTT) fiber has a
high elasticity compared to poly(butylene terephtha-
late) fiber because of different crystalline structures.
Thus, block copolyetheresters with trimethylene
groups in their hard segments are also expected to

have a higher elasticity than block copolyetheresters
with tetramethylene groups in their hard segments.

In this work, PD was used as a component of hard
segments of the block copolyetheresters. The lower
melting temperatures (Tm’s) of poly(tetramethylene
terephthalate) and poly(tetramethylene isophthalate)
limit the ultimate heat resistance for these block co-
polyetheresters. The use of a more rigid aromatic di-
carboxylate monomer may improve the heat resis-
tance. Thus, we chose dimethyl 2,6-naphthalene dicar-
boxylate (NDC) to design a more heat-resistant block
copolyetherester. In this article, we present the syn-
thesis and characterization of the block copolyether-
esters with good elastoplastic and thermal properties.

EXPERIMENTAL

Chemicals

NDC was supplied by Amoco Co. (Naperville, IL).
Poly(tetramethylene ether)glycol (PTMEG) with a
number-average molecular weight of 1000 (Mn) and
tetrabutyl orthotitanate were supplied by BASF (Lud-
wigshafen, Germany). PD, 1,4-butanediol (BD), di-
methyl terephthalate (DMT), trifluoroacetic acid, and
chloroform were reagent grade and supplied by Al-
drich (Milwaukee, WI).

Synthesis

The block copolyetheresters with poly(trimethylene 2,6-
naphthalene dicarboxylate) (PTN) hard segments and
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poly(tetramethylene ether)glycol 2,6-naphthalene dicar-
boxylate (PTMEGN) soft segments were synthesized by
the transesterification and melt polycondensation of
NDC, PD, and PTMEG with a Mn of 1000 in the presence
of tetrabutyl orthotitanate and lead acetate as catalyst
after a procedure similar to this described by Witsiepe.4

The polymerization procedure consisted of the addition
of catalyst solution to a nitrogen-blanketed molten mix-
ture of the monomers at 200°C; methanol byproduct was
removed by atmospheric distillation as the stirred reac-
tion mass was gradually heated to 270°C in 1 h. Finally,
the pressure was reduced below 0.1 torr, and excess PD
was removed from the viscous reaction mass in 30–120
min.10With the same synthesis procedure for block co-
polyetheresters with PTN hard segments and PTMEGN
soft segments, block copolyetheresters with PTT hard
segments and poly(tetramethylene ether)glycol tereph-
thalate soft segments were prepared with monomers of

DMT, PD, and PTMEG. Also, block copolyetheresters
with poly(butylene 2,6-naphthalene dicarboxylate) hard
segments and PTMEGN soft segments were synthesized
with monomers of NDC, BD, and PTMEG.

Characterization

The inherent viscosity (�inh) of block copolyetheresters
with a concentration of 0.5 g/dL in a phenol/trichlo-
roethylene (60/40 wt %) mixture was determined with
a Ubbelode viscometer at 30°C. The 1H-NMR spectra
of the block copolyetheresters in CDCl3 (or CF3COOD)
were determined on a Varian Unity Inova 500 MHz
spectrometer. Thermal properties were determined by
differential scanning calorimetry (DSC) on a TA In-
struments 910 DSC calorimeter at a heating rate of
10°C/min under nitrogen. The samples were first
scanned above 200°C and then rapidly quenched to

TABLE I
Composition and �inh of Block Copolyetheresters

Sample code

Polymer composition: NDC:PD:
PTMEG

�inh
(dL/g)

H/S weight (%)

Feed Calculation Feed Calculation

A-1 1:0.9:0.1 1:0.91:0.09 0.77 66 68.7
A-2 1:0.8:0.2 1:0.80:0.20 0.73 47 47.0
A-3 1:0.7:0.3 1:0.73:0.27 0.61 34 36.9

Sample code

Polymer composition: NDC:BD:
PTMEG

�inh
(dl/g)

H/S weight (%)

Feed Calculation Feed Calculation

B-1 1:0.9:0.1 1:0.89:0.11 0.92 67 64.9
B-2 1:0.8:0.2 1:0.81:0.19 0.83 48 49.4
B-3 1:0.7:0.3 1:0.72:0.28 0.85 35 37.0

Sample code

Polymer composition: DMT:PD:
PTMEG

�inh
(dl/g)

H/S weight (%)

Feed Calculation Feed Calculation

C-1 1:0.9:0.1 1:0.90:0.10 0.62 62 62.0
C-2 1:0.8:0.2 1:0.81:0.19 0.60 42 43.7
C-3 1:0.7:0.3 1:0.73:0.27 0.70 30 33.0

Scheme 1 Synthesis of block copolyetheresters with NDC/PD/PTMEG.
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Figure 1 1H-NMR spectra of block copolyetheresters of samples (a) A-1, (b) B-1, and (c) C-1.
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�60°C, and a second scanning was carried out for the
measurement of Tm. The thermogravimetric curves
were determined by thermogravimetric analysis
(TGA) on a TA Instruments 2950 TGA analyzer at a
heating rate of 10°C/min under nitrogen. The dy-
namic mechanical analysis data, tan �, and complex
modulus were obtained with a TA Instruments 983
DMA analyzer at a heating rate of 2°C/min. Samples
were prepared by compression molding.

RESULTS AND DISCUSSION

The reaction synthesis of the block copolyetheresters is
presented in Scheme 1. The feed compositions and
�inh values of the prepared block copolyetheresters are
listed in Table I. Because PD is volatile, excess PD was
used in synthesis. In Table I, the theoretical composi-
tion is given. Block copolyetheresters with �inh’s of
0.6–0.9 were obtained.

In Figure 1 the 1H-NMR spectra of the typical block
copolyetheresters are displayed. The calculation of
polymer composition from 1H-NMR spectra was
based on the assumption that PTMEG would not be
distilled off during the polycondensation. The calcu-
lated polymer composition and hard segment weight
fraction were in good agreement with the fed polymer

composition and hard-segment weight fraction, re-
spectively.

To investigate the effect of dicarboxylate compo-
nents and the weight fraction of the hard segments in
the block copolyetheresters on the thermal properties,
Tm and heat of fusion (�Hf) data, obtained from the
DSC thermograms, were tabulated and are shown in
Table II. The thermal properties of the block copoly-
etheresters were dependent on their compositions.
With increasing weight fraction of PTN hard segments
in the A series, a marked shift of Tm toward higher
temperatures was observed. As the weight fraction of
PTT hard segments in the C series increased, Tm also
increased. However, the block copolyetheresters pre-

Figure 1 (Continued from the previous page)

TABLE II
DSC Results of Block Copolyetheresters Measured at a

Heating Rate of 10°C/min Under a Nitrogen Atmosphere

Sample code Tm (°C) �Hf (J/g)

A-1 211.6 40.5
A-2 187.4 25.3
A-3 162.9 21.4
C-1 187.6 27.9
C-2 172.6 18.8
C-3 150.6 11.7
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pared with NDC (A series) had a higher Tm and a
higher �Hf than those prepared with DMT (C series),
based on the same weight fractions of the hard seg-
ments (e.g., A-1 and C-1, A-2 and C-2, and A-3 and
C-3, respectively).

Commercial block copolyetheresters such as Hytrel
consist of polyester hard segments with a benzene
ring within the repeat unit, and thus, the heat resis-
tance of these are higher than those of other thermo-
plastic elastomers. In this work, we used a more rigid
aromatic dicarboxylate monomer, NDC, in hopes of
improving the heat resistance.

Figure 2 shows the thermogravimetric curve of the
two different series of block copolyetheresters. The
initial thermal degradation of the A series block co-
polyetheresters with PTN hard segments started at a
higher temperature compared with that of the C series
block copolyetheresters with PTT hard segments.

Also, the char residues of the A series were higher
than those of the C series block copolyetheresters.
These results suggest that the thermal resistance of the
block copolyetheresters was improved with NDC as a
dicarboxylate monomer.

To investigate the effect of diol components and
weight fractions of the hard segments on the dynamic
mechanical properties of the block copolyetheresters,
we show the tan �’s and storage moduli (G�’s) of the
two different series of the block copolyetheresters (A
and B series) in Figures 3 and 4, respectively. The tan
� curves of the A and B series exhibited two relaxation
processes, as shown in Figure 3. Particular attention
should be given to the maximum relaxation associated
with the glass transition in the tan � curve because its
magnitude usually reflects the relative amount of
amorphous material in block copolyetheresters. As the
hard segment content in the A and B series increased,
the maximum relaxation peak shifted to higher tem-
peratures, its magnitude decreased, and its breadth
increased considerably. These results are in agreement
with those reported by other workers.3,10 As the frac-

Figure 3 Tan � behaviors of block copolyetheresters ac-
cording to their weight fractions of hard segment: (a) A
series (NDC/PD/PTMEG) and (b) B series (NDC/BD/
PTMEG).

Figure 2 TGA thermograms of block copolyetheresters ac-
cording to their compositions.
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tion of hard segments increased, G� (Fig. 4) decreased
more slowly on increasing temperature.

The tan � behaviors of the A and B series copoly-
etheresters with equivalent weight fractions of H/S
are compared in Figure 5. Significantly different be-
havior was found for A-1 and B-1, as shown in Figure
5(a); the A-1 sample, with a PD component and a high
weight fraction of H/S, had a higher maximum relax-
ation temperature, a lower magnitude of maximum
tan �, and a wider breadth of maximum relaxation
than the B-1 sample, with a BD component and an
equivalent weight fraction of H/S as A-1. This implies
that the A-1 sample had a distinct phase separation
into crystalline and soft domains,11 but the phase sep-
aration in sample A-1 was less than that in B-1. These
results suggest that the polyetherester with PD exhib-
ited a strong elastoplastic behavior, and these behav-
iors became weaker as the weight fraction of H/S
decreased, as shown in Figure 5(b,c).

CONCLUSIONS

A block copolyetherester with hard segments of PTN
and soft segments of PTMEGN was prepared with

NDC, PD, and PTMEG with molecular weights of
1000 by transesterification and melt polycondensation.

This block copolyetherester showed a higher initial
degradation temperature, a higher percentage of char
residue, a higher Tm, and a higher �Hf than that syn-
thesized with DMT, PD, and PTMEG. This block co-
polyetherester also showed a higher Tg and a stronger
elastoplastic behavior than that prepared with NDC,
BD, and PTMEG.

Figure 5 Comparison of tan � behaviors between A and B
series copolyetheresters with (a) high, (b) medium, and (c)
low weight fractions of H/S.

Figure 4 G� behaviors of block copolyetheresters according
to their weight fractions of hard segment: (a) A series
(NDC/PD/PTMEG) and (b) B series (NDC/BD/PTMEG).
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