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ABSTRACT: The characteristics of poly(butylene tereph-
thalate) (PBT), poly(ethylene naphthalate) (PEN), and
blends with 30, 40, 50, 60, and 70 wt % PEN prepared by
melt-blending were analyzed using Fourier transform
infrared spectroscopy, Raman spectroscopy, X-ray diffrac-
tion, solid-state nuclear magnetic resonance (NMR), and X-
ray photoelectron spectroscopy. The spectroscopic analyses
provide no direct evidence for the occurrence of transester-
ification reactions occurring during melt-processing of the
blends under the conditions that were used. The improved

mechanical properties of the PBT/PEN blends are attrib-
uted to physical interactions occurring over a large interfa-
cial area. X-ray diffraction and high-resolution solid-state
carbon-13 (**C) NMR confirmed the formation of the
a-PEN phase after annealing samples at 200°C for
19 h. © 2007 Wiley Periodicals, Inc. ] Appl Polym Sci 106: 1860
1868, 2007

Key words: poly(butylene terephthalate) (PBT); poly(ethyl-
ene naphthalate) (PEN); spectroscopic analysis

INTRODUCTION

Poly(ethylene-2,6-naphthalene dicarboxylate), also
known as poly(ethylenenaphthalate) (PEN),' was
discovered in 1948 by Whinfield and Dickson. PEN
is a thermoplastic polyester that raises the perform-
ance of this polymer family to levels not attainable
with polyethylene terephthalate (PET). PEN has ther-
mal, mechanical, chemical, and dielectric properties
that are generally superior to those of PET. Because
of these improved properties, PEN is positioned as a
high-performance extension of PET with no signifi-
cant change in resin preparation chemistry. The high
melt viscosity of PEN makes it appropriate for its
use in processes requiring good melt strength.
Copolymers and blends of PEN and other resins
based on dimethyl-2,6-naphthalene dicarboxylate can
be prepared for fiber spinning, and extrusion-blow
molding and film extrusion, sheet extrusion and
injection molding.

Polybutylene terephthalate (PBT),*® an advanced,
semicrystalline resin, is one of the toughest and
most versatile of all engineering thermoplastics.
Strong and lightweight, this polyester is character-
ized by low moisture absorption, excellent electrical
properties, broad chemical resistance, lubricity, du-
rability, mechanical strength, and heat resistance.
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DISCOVER SOMETHING GREAT

These properties are stable over a broad range of
temperature and humidity conditions. PBT is a ver-
satile blending material as well as a component of
numerous commercial products. It can be blended
with 10 to 30% Nylon to facilitate glass reinforce-
ment. Moisture absorption can be reduced and
processibility and mechanical properties boosted
simultaneously when PBT is blended with 15-25%
low-density polyethylene (LDPE). An enhanced
gloss surface can also be achieved when PBT is
blended with PET.

To take advantage of the superior properties of
PEN and PBT, blending and characterization of these
polymer blends have been undertaken by several
researchers.”'® Kim and Kang showed evidence of
transesterification reaction between PEN and PBT by
thermal annealing at 270°C for 30 min, using differ-
ential scanning calorimetry (DSC) and NMR. Cal-
cium stearate was added to the blends to lower the
viscosity of PEN and as a transesterification catalyst,
which reduces the mechanical properties of the
blends as consequence.” However, evidence of trans-
esterification reaction was not found in their work
without thermal annealing or a catalyst, which
agrees with our previous observations.” Guo and
Zachmann, in the course of a research program on
blending of polyesters,”'* reported the occurrence of
a new "C-NMR peak from PET and PEN as direct
evidence of transesterification.'>”'* However, it was
noted that the miscibility of PBT and PEN at the mo-
lecular level suggested by solid-state *C NMR (CP/
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MAS technique) arose from a kind of physical inter-
action within a very short distance (24 nm),’ !
which was further investigated by us.® Additionally,
it was after at least 10 min heat treatment at 280°C
that a new peak, arising from transesterification reac-
tion between PET and PEN, was detected by solu-
tion NMR."

In recent research, we have investigated the me-
chanical and thermal properties, and carried out a
solution NMR analysis, of PBT/PEN blends.®1517
The present study is focused on the possibility of
formation of new chemical bonds arising from inter-
change reactions between PBT and PEN under typi-
cal conditions of extrusion and injection molding
without further thermal annealing, and assessing the
effects of heat treatment on PBT/PEN blends and
the two homopolymers through spectroscopic analy-
sis using Raman, FTIR, NMR, X-ray photoelectron
spectroscopy, and X-ray diffraction.

EXPERIMENTAL
Material

Polymers used in this study were PEN, purchased
from Teijin, and PBT (Arnite T06-202), supplied by
DSM Engineering Plastics. Pure PBT, pure PEN, and
PBT/PEN mixtures were dried at 70°C for 48 h in
vacuum. Blends with 30, 40, 50, 60, and 70 wt %
PEN were extruded with an Axon (model BX-18-
286) single screw extruder and injection-molded
using a BOY (model 50M) automatic injection-mold-
ing machine at 250-280°C.'*"”

Experimental details

FTIR-photoacoustic spectroscopy (PAS) was carried
out using a BIO-RAD FTS-60 spectrometer on small
pieces of chopped injection-molded samples, with
the photoacoustic cell purged with nitrogen.

A Renishaw (Model 1000) Raman spectrometer
was used for Raman spectroscopic analysis using a
488-nm blue laser, which allowed access to the range
4000-100 cm™ ' of Raman shifts. Samples were cut
into small blocks before analysis.

A Bruker (Model AXS D8 ADVANCE) X-ray pow-
der diffractometer was used to measure intensity
(counts) versus diffraction angle (20) in the range 5°-
40°. Two types of samples were used for XRD analy-
sis: (a) unannealed, (b) annealed at 200°C for 19 h.
The X-ray source used was Cu Ka with wavelength
of 15.4051 nm.

The solid-state ">C NMR experiments were carried
out at room temperature using a Bruker MSL300
NMR spectrometer operating at 75 MHz, with cross
polarization (CP)/magic angle spinning (MAS) and
dipolar decoupling (DD), on both unannealed and
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annealed samples. The samples were examined in
the form of powders to obtain the signal by partial
averaging of the chemical-shift anisotropy according
to the different orientations of local motions in the
bulk below T, (glass transition temperature). For all
the samples, the sample spinning rate was 6 kHz,
with contact time 1 ms, and the recycle time of the
pulse was 1 s. Chemical shifts were referenced to tet-
ramethylsilane via the carbonyl carbon signal of gly-
cine (176.03 ppm).

X-ray photoelectron spectroscopy was carried out
with a Kratos XSAMS800 instrument using a Mg K,
(1253.6 eV) X-ray source. The samples were out-
gassed for 3 days in the environmental chamber,
then transferred to the analytical chamber whose
pressure was below 1 X 1077 Torr. Wide, narrow,
and valence scans for samples were obtained with
65, 20, and 20 eV pass energies.

RESULTS AND DISCUSSION
FTIR spectroscopy

Figure 1 shows that the labeled major functional
groups in the frequency regions are present in pure
PEN, PBT, and five different PBT/PEN blends, with
relative band intensities varying with the weight
proportions of the homopolymers in the blends.
Around 3060 cm ™!, weak bands associated with an
aromatic C—H stretch vibration and at 2960 cm ™"
strong bands from an aliphatic C—H stretch vibra-
tion appear. Both weak and strong bands are pres-
ent in PEN, but weak bands are hard to be seen in
PBT. The implication is that the bands from long
aliphatic segments are more dominant than those
from the aromatic segment in PBT, and the bands
from the fused aromatic rings (naphthalene) are
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Figure 1 FTIR spectra of PBT/PEN (wt %/wt %) blends:
(a) 0/100; (b) 30/70; (c) 40/60; (d) 50/50; (e) 60/40; (f) 70/
30; (g) 100/0.
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Figure 2 Expanded FTIR spectra of PBT/PEN (wt %/
wt %) blends: (a) 0/100; (b) 30/70; (c) 40/60; (d) 50/50; (e)
60/40; (f) 70/30; (g) 100/0.

shown by PEN because of the shorter carbon chains
of PEN compared to PBT. In the PBT/PEN blend
spectra in the vicinity of 3000 cm ™', the bands from
the aliphatic segments increase in intensity and
those from the aromatic segments decrease in inten-
sity as the proportion of PBT increases. The other
major bands are assigned as: C=0 ~ 1730 cm !, ar-
omatic C=C ~ 1600 cm ™', C—O ~ 1290 cm ™', and
aromatic out—of—?lane bending vibration (OOP—
CH) ~ 730 cm™ . Unlabeled bands are from CH,
groups around 1450 cm ™! and from ester groups of
phthalate and naphthalate in the range of 1200-
1050 cm~'. The additional bands arising from C=C
stretch vibrations are not interpretatively useful
owing to the large number of bands and the pres-
ence of weak overtone, combination and difference
bands."®

Figure 2, which shows expanded scale bands of
Figure 1 in the range of 2000-500 cm ™', reveals fre-
quency shifts for several functional groups as the
proportions of the blend components vary. The car-
bonyl group band from the ester groups in PEN and
PBT shifts from 1735 to 1728 cm™ !, two aromatic
C=C bands from the naphthalene ring of PEN at 1604
cm ™' and from the benzene ring of PBT at 1577 cm ™'
shift and change in intensity, and the C—O bands
from the ester groups shift from 1295 to 1290 cm ™' as
the proportions of the constituent homopolymers
vary.'#2

The frequency shifts and changes in intensity are
also in accordance with the change of proportions
of the components for two aromatic out-of-plane
bending vibrations arising from naphthalene
(770 cm™ ') and benzene (730 cm™'). These changes
of frequency and intensity of major bands, and the
absence of new bands arising from chemical reac-
tion, indicate that interchange reaction between
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Figure 3 Raman spectra of PBT/PEN (wt %/wt %)
blends: (a) 0/100; (b) 30/70; (c) 40/60; (d) 50/50; (e) 60/40;
(f) 70/30; (g) 100,/0.

PEN and PBT did not occur to a significant extent
under the blending conditions (a short residence
period during extrusion and injection molding)
that were used.

Raman spectroscopy

Figure 3 shows Raman spectra of PBT/PEN blends
over the whole accessible frequency range. Some of
vibrations for PBT/PEN blends are Raman-active,
others are IR-active and some are active in both
Raman and IR. Around 3060 cm ™!, weak bands from
an aromatic C—H stretch vibration and around
2960 cm™' strong bands from an aliphatic C—H
stretch vibration in IR, appear as medium bands in
Raman. The band for C=0 around 1720 cm ™! and
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Figure 4 Expanded Raman spectra of PBT/PEN (wt %/
wt %) blends: (a) 0/100; (b) 30/70; (c) 40/60; (d) 50/50;
(e) 60/40; (f) 70/30; (g) 100/0.



SPECTROSCOPIC ANALYSIS OF PEN/PBT BLENDS

M% =
M% i

{d)

-M i
W [{}]

5 10 15 20 2 0 35 0
20

Intensity (Arbitrary unit)

Figure 5 WAXS of unannealed PBT/PEN (wt %/wt %)
blends: (a) 0/100; (b) 30/70; (c) 40/60; (d) 50/50; (e) 60/40;
(f) 70/30; (g) 100/0.

two aromatic C=C bands around 1640-1610 cm ™'
appear in the Raman and IR spectra.'>*

The C=C stretch vibration of the aromatic ring is
strong for PEN around 1479 cm™' but very weak in
PBT around 1457 cm™'. An intense band associated
with the disubstituted naphthalene ring of PEN
appears at 1390 cm 1Y

Expanded scale Raman spectra of PBT/PEN
blends are shown in Figure 4. The C=O bands
from PEN (1721 cm™ ') and PBT (1715 cm™ ') are
superimposed and the Raman shift varies with the
proportions of the homopolymers. Two aromatic
C=C bands, from the naphthalene ring of PEN
(1635 cm™ ') and the benzene ring of PBT (1613
cm '), are also shifted and their intensities change
according to the weight fractions of the blend com-
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Figure 7 Solid-state >)C NMR of unannealed PBT/PEN
(wt %/wt %) blends: (a) 0/100; (b) 30/70; (c) 40/60; (d)
50/50; (e) 60,/40; (f) 70/30; (g) 100/0.

ponents. The C=C stretch from the aromatic ring
around 1479 cm™! and the disubstituted naphtha-
lene ring vibration of PEN around 1390 cm ' fol-
low the same trend. However, there are no new
bands in the Raman spectra of the blends, confirm-
ing that interchange reaction between PEN and
PBT occurred to an insignificant extent under the
melt-blending and injection-molding conditions
used.

X-ray diffraction

Wide-angle X-ray scattering (WAXS) diffraction
scans for unannealed and annealed blends are
shown in Figures 5 and 6, respectively. Figure 5
shows a broad diffuse signal for amorphous PEN
in which crystallization has been suppressed by
the rapid quenching that followed injection-mold-
ing. PBT shows partial crystallization under the
same molding conditions, implying that PBT crys-
tallizes more rapidly than PEN, in accordance
with differential scanning calorimeter scans'® that

TABLE I
M Assignment of Solid-State >*C NMR Spectra of the
idh Homopolymers
_,_/(M ) Chemical Chemical
__—.\_M_ PBT shift (ppm) PEN shift (ppm)
n
_JL___M_A_____i a 164.4 cs 164.4
o b 134.0 c® Not observed
5 10 15 20 25 30 35 40 ¢ 129.4 ct 131.9
% d 65.3 c! 1287
26.7 3 Not ob d
Figure 6 WAXS of annealed PBT/PEN (wt %/wt %) € 6 gz © 1c>25s%rve
blends at 200°C for 19 h: (a) 0/100; (b) 30/70; (c) 40/60; 7 60:2

(d) 50/50; (e) 60/40; (f) 70/30; (g) 100/0.

Journal of Applied Polymer Science DOI 10.1002/app
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Scheme 1 The structure of PBT.

showed a greater extent of crystallization around
210°C for PEN than for PBT, after cooling injec-
tion-molded samples at —50°C for 5 min and heat-
ing at 10°C min~' to 300°C. The blended samples
of Figure 5(b—f) appear noncrystalline except for
reflections at 9.4° and 28.7° (20) that are assigned
to PBT.

Figure 6 shows the remarkably different diffrac-
tion patterns of the samples after annealing. PEN
has strong reflections at 15.5° (a-phase: 010), 23.4°
(a-phase: 100), and 27.1° (a-phase: -110), and PBT
at 9.4°,16.2°, 17.3°, 20.8°, 23.4°, 25.4°, and 28.7°.>%°
Even though the PEN and PBT reflections partially
overlap (around 16° and 23°), all strong reflections
change in intensity with the proportions of the
components. One notable point is that, under the
molding conditions used, PEN was amorphous
and was transformed to o-PEN by annealing, in
accordance with a previous report.>> The WAXS
data also show that the reflections from the com-
ponents of the blends behave like simple addition
of two components, which indicates that there was
no significant crystal structure change arising from
possible chemical reactions between the two homo-
polymers.

Solid-state NMR

In polymers in the rubbery state above the glass
transition temperature, Ty, and in the liquid state the
local motions of bulk polymers are such fast cooper-
ative processes of relatively large amplitude that the
main tensorial interactions (chemical-shift anisot-
ropy, homonuclear and heteronuclear dipolar cou-
plings, and quadrupolar couplings in the case of
spins higher than [1/2]) are averaged to a large
extent by the fast local motions. Consequently, for

n

Scheme 2 The structure of PEN.
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Figure 8 Solid-state >*C NMR of PBT/PEN (wt %/wt %)
blends annealed at 200°C for 19 h: (a) 0/100; (b) 30/70; (c)
40/60; (d) 50/50; (e) 60/40; (f) 70/30; (g) 100/0.

bulk polymers at temperatures well above T, high-
resolution >C NMR spectra can be obtained by
using conventional spectrometers that are used for
solution investigations. From an NMR point of view,
bulk polymers in this temperature range and poly-
mers in solution share a number of common fea-
tures. By contrast, motions that may occur in a
glassy polymer are much slower than modes
observed in the melt, and they are very localized
and involve only side groups or short sequences of
the main chain.**° Consequently, the tensorial inter-
actions are only partly averaged, or even not aver-
aged at all when no local modes exist. To obtain
high-resolution '>C NMR spectra specific line nar-
rowing techniques such as DD, MAS, and CP are
used here. One interesting point is that we used
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Figure 9 XPS survey spectra of PBT/PEN (wt %/wt %)
blends: (a) 0/100; (b) 30/70; (c) 40/60; (d) 50/50; (e) 60/40;
(f) 70/30; (g) 100/0.
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Figure 10 Sub-band analysis of the Cls scans for PBT.

solution NMR for the heat-treated samples to check
any change in spectra, but the positions of the sig-
nals are exactly the same as those of the samples
that had not been heat-treated.® This indicates that
the motions of molecules in solution are fast enough
to be averaged.

Solid-state '*C NMR spectra of unannealed PBT/
PEN blends and the two homopolymers are shown
in Figure 7. Carbons from carbonyl groups and ali-
phatic segments of PBT and PEN are very distinc-
tive as shown in Table I and Schemes 1 and 2.
Some differences of peak positions from those pre-
viously reported®* seem to be due to different ten-
sorial conditions used in this experiment. Even at
the sample spinning rate of 6 kHz, sidebands
appears on both sides (at 210 and 50 ppm) of the
main PEN signal at 130 ppm. Signals from the
naphthalene and benzene rings are not clearly
resolved in the unannealed samples, because they
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are mostly amorphous. By contrast, Figure 8 shows
much better resolved line shapes in the naphtha-
lene and benzene ring areas, confirming that the
local rearrangements induced by heat treatment
cause a transformation from the amorphous state to
an ordered semicrystalline state. The shape of the
naphthalene ring signal in PEN matches that from
previous work and confirms the formation of «-
PEN during annealing.”® Because of the absence of
cross polarization between the quaternary carbons
(C3 and C5) in PEN and the protons in PBT, the C3
and C5 peaks of the naphthalene ring are not
observed in Figure 8.%°

Previous work” utilized delay decoupling and no
decoupling '*C CP/MAS NMR to show that the pro-
ton—carbon intermolecular distances are so close that
there is molecular scale mixing for the blends. How-
ever, °C CP/MAS NMR with dipolar decoupling
and the conditions used here does not show molecu-
lar scale mixing, but clearly confirms that there are
significant changes in molecular arrangement after
annealing.

X-ray photoelectron spectroscopy

The XPS survey spectra of the PBT/PEN blends in
Figure 9 show Ols and Cls peaks at binding ener-
gies around 533 and 285 eV, respectively. Curve fit-
ting of the Cls band for PBT (Fig. 10) enables
assignment of sub-bands, where the ratio of the
atomic concentrations of C;, C,, C3, and Cy4 is
roughly 3 : 1 : 1 : 1 (Table II), which matches the
relative numbers of C;, C,, C3, and C4 (6, 2, 2, and
2) in the repeat unit of PBT. Sub-band analysis of
the oxygen band for pure PBT is shown in Figure
11. Here, again the numbers of O; and O; in the
repeat unit correspond to 2 and 2, and the area ra-
tio is close to 1 : 1.

TABLE II
Binding Energies, Full Widths at Half Maximum (FWHM), and Atomic Concentration
(%) from Narrow Scans of PBT and PEN

Cls Ols

1 2 3 4 1 2
PBT BE (eV) 285.00 28449 286.00 288.80 531.00 532.46
FWHM (eV) 1.65 1.11 1.80 1.70 1.68 1.64
Atomic concentration (%) 50.96 16.70 16.61 15.73 49.74 50.26
Sensitivity factor 0.25 0.25 0.25 0.25 0.66 0.66

Mixing ratio (GL) 80 80 80 80 80 80
PEN  BE (eV) 285.00 286.76  289.10 531.12  532.76
FWHM (eV) 1.40 1.46 1.50 1.60 1.60
Atomic concentration (%) 71.46 14.28 14.26 49.38 50.62
Sensitivity factor 0.25 0.25 0.25 0.66 0.66

Mixing ratio (GL) 80 80 80 80 80

GL mixing ratio: Gaussian-Lorentzian.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 11 Sub-band analysis of the Ols scans for PBT.

The sub-band analysis of Cls for PEN is shown in
Figure 12, in which the proportion of the atomic con-
centrations of C;, C,, and C3 is close to 5 : 1 : 1 (Ta-
ble II), which matches the relative numbers of C;,
Cy, and C; (10, 2, and 2) in the repeat unit of PEN.
The sub-band analysis of Ols for PEN (Fig. 13)
shows the ratio of atomic concentration of O; and O,
as 1 : 1, which matches the numbers of O; and O,
(2 : 2) in the repeat unit.

The sub-band analysis of Cls for PBT/PEN (50/50
wt %) blend is shown in Figure 14, where the sub-
band analyses for PBT and PEN have in effect been
combined, retaining the atomic concentration ratios
for the homopolymers. The calculated band profile
agrees well with the observed profile with only very
minor shifts in the sub-band binding energies. The
XPS data provide confirmation that the 50 : 50 (w/

a0 28 296 284 202 280 288 286 284 282 280
Binding Energy (ev)
Figure 12 Sub-band analysis of the Cls scans for PEN.
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Figure 13 Sub-band analysis of the Ols scans for PEN.

w) blend can be regarded as a physical mixture of
the two homopolymers.

The sub-band analysis of the oxygen band for
PBT/PEN (50/50 wt %) blend is shown in Figure
15. Here, the atomic concentrations are close to
25% for each oxygen (O; and Oj for PBT, O, and
O, for PEN) corresponding to almost equimolar
proportions of the two homopolymers, each of
which contributes two oxygen. There is a 0.1 eV
shift of binding energies for PBT/PEN (50/50 wt %)
blend relative to the two homopolymers. This shift
is likely to be attributable to physical interaction of
the coexisting homopolymers at close distance
rather than chemical reaction. Overall, the sub-
band analysis of the carbon and oxygen bands
shows that there is little change in chemical struc-

00 298 36 34 292 280 288 286

Binding Energy (eV)

Figure 14 Sub-band analysis of the Cls scans for PBT/
PEN (50/50 wt %).
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Figure 15 Sub-band analysis of the Ols scans for PBT/
PEN (50/50 wt %).

ture of the blend relative to the homopolymer com-
ponents.

The detailed XPS data including binding energies,
full widths at half maximum (FWHM), and atomic
concentration (%) from narrow scans of pure PBT,
PEN, and PBT/PEN (50/50 wt %) blend are listed in
Table III. All assignments are based on the liter-
ature.?'?

At the binding energy of 0 eV, there is the Fermi
level, which is the highest occupied molecular or-
bital from which electrons can escape without any
required energy, and the valence band shows the
spectrum in the vicinity of the Fermi level. Figure
16 shows valence spectra of blends, which are
more sensitive to molecular structure than the core
lines, since the core lines only indirectly reflect
changes in the valence electron distribution. The
O2s peaks span 28-34 eV for pure PEN, PBT, and
PBT/PEN blends. The shapes of the valence spec-
tra reveal very small changes with blend composi-
tion and are characteristic of each material. Hence,
valence band spectra may be used to distinguish
between blends where the core level XPS photo-

Binding Energy(eV)

Figure 16 Valence spectra of PBT/PEN (wt %/wt %)
blends: (a) 0/100; (b) 30/70; (c) 40/60; (d) 50/50; (e) 60/40;
(f) 70/30; (g) 100/0.

electron lines are quite similar in shape and posi-
tion.

CONCLUSIONS

FTIR spectra revealed distinct major functional
group bands, from which the structures of pure PEN
and PBT can be deduced without difficulty, but new
bands arising from interchange reactions were not
found.

The Raman spectra of the blends are consistent
with the structures of PEN and PBT, and there is no
evidence of new bands resulting from interchange
reactions.

The wide-angle X-ray scattering scans showed that
in the unannealed samples PEN was amorphous and
PBT partially crystalline, indicating that under the
molding conditions of rapid quenching after injec-
tion, PBT crystallizes more rapidly than PEN. After
annealing, the samples show much greater crystallin-
ity, and formation of the a-PEN phase.

Solid-state '*C NMR spectra show the effect of
heat-treatment on the structural arrangement and
confirms the formation of the a-PEN phase.

TABLE III
Binding Energies, Full Widths at Half Maximum (FWHM), and Atomic Concentration (%) from
Narrow Scans of PEN/PBT(50/50 wt %)

Cls Ols
1 2 3 4 5 6 7 1 2 3 4
BE (eV) 285.10 285.10 28449 286.10 286.76 28890 289.20 531.10 531.22 53256 532.88
FWHM (eV) 1.34 1.65 1.11 1.70 1.20 1.70 1.50 1.68 1.64 1.65 1.60
Atomic concentration (%) 35.49 25.72 8.24 8.32 7.15 7.96 7.12 24.36 24.49 25.55 25.60
Sensitivity factor 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.66 0.66 0.66 0.66
Mixing ratio (GL) 80 80 80 80 80 80 80 80 80 80 80

GL mixing ratio: Gaussian-Lorentzian.
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XPS showed that there are minor shifts in binding
energies for the PBT/PEN blends that are most
likely attributable to physical rather than chemical
interaction of the homopolymers.

The data from the five spectroscopic techniques
we employed are consistent with the PBT/PEN
blends produced by melt-blending and injection-
molding being composed of PEN and PBT homo-
polymers. While the homopolymers may be par-
tially miscible, there is no direct evidence for ester
interchange reactions having taken place during
melt-processing. Hence, we attribute the improved
mechanical properties of the PBT/PEN blends to
physical interactions occurring over interfacial
areas that are very large due to the very small do-
main size of the dispersed phase.'® In addition,
annealing at a temperature about 40°C below the
melting temperature of PBT allows partial crystalli-
zation of the homopolymers to occur, but gives rise
only to reflections that are attributable to PBT and
PEN.

The authors are grateful to Mr. Michael Walker for assis-
tance and advice with acquisition and interpretation of
solid-state '*C NMR spectra.
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