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Poly(ethylene terephthalate) (PET);poly(butylene terephthalate) (PBT) blends (XPETI( 1 -s)PBT) charac- 
terized by amorphous initial structure are prepared by ultraquenching of the melt between two metal rolls 
rotating in a liquid nitrogen bath. The thermal behaviour, miscibility. crystallization and mechanical 
properties of PET:PBT blends are investigated after three years of storage at - 15 C. The physical properties 
of as-quenched samples change significantly after a long period of storage at low temperature. In contrast 
to the results for the as-quenched blends, a single glass transition temperature (TJ, intermediate between 
those of the pure components, is observed at each composition after a long period of low temperature 
relaxation. The dependence of r, on the composition can be described by the Fox equation. On the basis 
of the thermal properties of PET!‘PBT blends. the conclusion drawn is that they are miscible in the 
amorphous state. Both components crystallize simultaneously at all compositions of the quenched blends. 
Each component forms its own crystal phase and the presence of the other component does not disturb. 
and even enhances, the crystallization process. The observed positive synergistic effect in mechanical 
properties of PET ‘PBT blends is related to their amorphous miscibility. 

(lieywords: amorphous blends; miscibility physical properties) 

INTRODUCTION 

Polymer blends are now of great scientific and industrial 
interest’ ‘. They are physical mixtures of structurally 
different polymers which adhere together through the 
action of secondary bond forces, with no covalent 
bonding between themh. In the search for new polymeric 
materials, blending of polymers is a method for obtaining 
IKW desirable property combinations without having to 
synthesize novel structures. 

Besides factors affecting the supermolecular struc- 
ture~--processing history and crystallization-the mutual 
miscibility of components is of particular importance for 
the blends’ final properties. On the other hand. in order 
to ensure high temperature and environmental resistance, 
the high performance thermoplastics are usually charac- 
terized by a certain degree of crystallinity. Therefore, it 
is of interest to understand the miscibility of polymer 
blends containing at least one component capable of 
crystallizing. 

At first it was thought that compatible blends of 
crystallizable polymers would be very rare’. However, 
several semicrystalline,!amorphous polymer systems that 
are miscible in the amorphous state have recently been 
reported * I2 Crystalline/crystalline polymer blends are 
less frequently investigated’“. Several blends of poly- 
(ethylene terephthalate) (PET)‘“.15 and poly(butylene 
terephthalate) (PST)“,” hake been studied extensively. 
The increased interest results from practical implications. 

Recently. amorphous blends of PET and PBT were 

obtained by ultraquenching of the melt between two 
metal rolls rotating in a liquid nitrogen bath”. Both 
calorimetric (differential scanning calorimetry. d.s.c.) and 
X-ray (wide-angle X-ray scattering. WAXS) studies 
indicate that immediately after preparation, the blends 
arc amorphous regardless of the composition”. After 
quenching, further orientation of the amorphous blends 
and annealing with fixed ends (at constant length) lead to 
;I significant improvement of the mechanical properties. 
The tensile strength and elasticity modulus are three to 
tivc times greater than those of conventionally obtained 
PET and PBT”‘. 

The aim of this paper is to investigate the miscibility, 
crvstallization, thermal and mechanical properties of 
initially amorphous PET/‘PBT blends after a long period 
of storage at low temperature. 

EXPERIMENTAL 

Commercial PET and PBT (DuPont, USA) with molecular 
weights of about 2.5000 were ground at - 193-C (liquid 
nitrogen) and dried for 24 h at 1OO.C in vacuum. A series 
of sPET, (1 -s)PBT blends (s= 1. 0.9, 0.8. 0.6, 0.5, 0.4, 
0.2. 0.1 or 0 parts by weight) was obtained by the 
following procedure. A predetermined composition of 
PET and PBT was prepared as a dry polymer physical 
mixture. which was melted at 310 C and immediately 
extruded and ultraquenched between two metal rolls 
rotating in a liquid nitrogen bath”. Strips about 150pm 
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thick wcrc formed while the rolls were drawtng the 
material with a linear rate of about 30cm h ‘. Both Ihe 
tnclting and cstrusion of polymer mixtures Ivcre finished 
in 30 2. Only the tirst portions of the produced material 
wcrc LISC~ for further iti\,cstigations in or&x to .tLoid 
chemical changes such as transesteritication or dqra- 
dation. Both n.m.r. and i.r. spectra (not shown) of physical 
mixtures of the pure components and corresponding 
e.slruded PET. PBT blends are identical. This indicate5 
that mixing of these polqmerb is not accompanied b! an! 
specific chemical interactions and. under the chosen 
conditions. the prescncc of PET. PBT copolymers cannc)t 
bc registered. Hence. the PET PBT blends in this btud> 
arc physical. 

It \%;Is found that. within the range from 90 to 30 C. 
the cooling rate is about 400 C min- ’ for PET” The 
same ultraquenching technique was applied to obtain 
amorphous nylon-6” and a cooling rate of about 
470 C min ’ was reported’“. The essential step for 
\itritication of nylon-6 was the erasure of structural 
memory by tnelt anncaling”.‘5. in the case of PET.PBT 
blends. the melt temperature was 310 C and annealing 
\v;15 not applied since these polymers arc character&d 
bq. II lower rate of crystallization. 

Immediately after they were obtained. the ultra- 
qucnchcd PET’PBT blends were studied by WAXS, 
d.s.c.“’ and mechanical testing”‘. In this study, the same 
hlcnds are investigated after 3 years of storage in a frecLer 
at ~~~ I 5 c. 

A Mcttler TA 2000 system. equipped with a low 
temperature d.s.c. cell. was employed to study the thermal 
behaviour of the PET PBT blends. Samples ( L 12 mg) 
wcrc heated and rehcatcd under nitrogen atmosphere at 
;I rate of ‘0 C min ’ III the range from ~~ 100 to 300 C. 
After the first heating. aamplcs were cooled in the d.s.c. 
apparatus at a rate of 130 C min- ’ and then reheated at 
20 C min ‘. The sample weight did not change after d.s.c. 
tneasurcment. From the d.s.c. curves (first and second 
scans) the following parameters were evaluated: the glass 
transition temperature, 7;. recorded at the half-height of 
the corresponding heat capacity jump; the temperature 
interval of the T, regions; the temperature of crystalliza- 
tion. 7;; the melting temperatures T, of PET and PBT 
components; their melting enthalpies AH,,. 

Tensile properties of the blends were measured at room 
temperature. employing an lnstron testing machine. 
Specimens with a length of 5cm were cut from the 
extruded strips and drawn at a cross-head speed of 
0.5 cm min ‘. All reported results are the average of five 
runs. 

RESULTS AND DISCUSSION 

All PET/PBT blends studied are transparent in the 
melt and when obtained in the amorphous state. 
Furthermore. they retain their transparency even after 3 
years of storage in a freezer or at room temperature. The 
PET/PBT blends become opaque only after annealing, 
i.e. after crystallization of PET and PBT from the blends. 
Miscible blends are transparent; however. transparency 
itself is inadequate evidence for amorphous miscibility’. 

Both d.s.c. and WAXS studies’” indicate that immedi- 
ately after preparation the blends are amorphous, 
regardless of the composition. It should be noted that 

!PBT 

Figure I D.a.c. thermograms 01‘ PET PBT blends: the blend compus~- 
tlon gut” is given on each curve. I. First hcatlng at 20 (‘mtn I: II. 
rcheatin$ (at same rate) after coohng at 130 C min I: 111. thud heating 
120 C men ’ I after annealing for 2 h at I X0 C‘. Arrow\ Indwatc the glass 
tran5itlon I-ryons 

two 7;s were observed for the as-quenched PET/PBT 
blends. The activation energies determined from the 
dependence of each T, of a SOPET,‘SOPBT blend on the 
heating rate are approximately the same: they are equal 
to the mean activation energy for the overall crystal- 
lization, E,= 113 kJ mol -’ (ref. 19). 

The present study of the same blends after a long period 
of storage demonstrates the existence of a single T, which 
is intermediate between the T,s of pure PET and PBT. 
Figl/r~, I shows d.s.c. thermograms (first and second 
scans) of PET, PBT and their blends with different 
compositions. Pure ultraquenched PET and PBT display 
two T,s on their first d.s.c. traces. Usually, pure polymers 
are characterized by a single T, but secondary transitions 
sometimes exist2”.27. Both T,s of pure PBT (7;. I = - 20 ‘C 
and Tg,? = 38.5. Figure I) are in good agreement with data 
reported for the Tgs of quenched amorphous PBT”. The 
< values obtained for pure PET are 60 and 75 C. 
respectively (f$u~c~ I). During the second scan, pure PET 
displays a single T, at 82 ‘C while PBT again has two T, 
transitions. T,, , = -2O~C and T,,, =4X’ C, 
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It has been reportedL’ that double peaks in the specific 
heat capacity arise when a sample of atactic polystyrene 
is initially quenched at a rapid rate and then reheated at 
a slower rate. Such observations occur in all cases when 
the polymer sample is reheated immediately or very 
shortly after a rapid quench”. This behaviour has been 
predicted theoretically2’ 3o and has been shown to result 
from the kinetics of the interactions of multiple retarda- 
tion processes with the thermal history. It has been 
illustrated” on a polystyrene sample that annealing from 
405 h at a temperature well below the T, leads to the 
disappearance of the upper peak: only a single main peak 
appears after such treatment. 

As mentioned above, PETiPBT blends are characterized 
by two T,s immediately after quenching”. It is seen from 
Fiyzrrr 1 that all PET.!PBT blends exhibit a well defined 
single T, after a long period of storage at a temperature 
well below their T,. Under the same conditions. however. 
pure PET and PBT do not undergo processes leading to 
the appearance of a single peak. 

On the other hand, the existence of a single T, between 
those of the pure components in polymer blends is 
evidence for their miscibility.“. It is well known that the 
Fox equation” adequately describes the T, wrsus com- 
position relation in various miscible blends3’. This 
theoretical relation assumes random mixing at segmental 
level. 

From the Fox equation. 

1 Tg=(Wp,, Lw) + ( 1 - WwdITgm, 1 (1) 

the weight fraction of PET. CI/PET. i.e. the PETjPBT ratio 
in the amorphous phase. can be calculated on the basis 
of experimental values of 7;. Tg,PET and Tg,PRT. Tclble I 

Table 1 txperimental ,tnd calculated (equation (1)) data for the phase 
composltiuns in PET PBT blends (tirst heating) 

___. 

PET PBT wt ratio 
PET PBT xt ratlo In amorphous phase 
in the hlend ofhlendb(equation(llI 

0 100 0 100 
IO 90 I2 88 
30 60 37 63 
50 50 41 59 
60 40 41 59 
80 20 69 31 
90 Itl 82 IX 

IO0 0 I00 0 

lists PET/PBT ratios in the amorphous regions calcu- 
lated using T,s for the first heating. The deviation of 
experimental ratio from the calculated ratio is relatively 
small. 

The T, wrsus composition relationships of PET!PBT 
blends are given in Fiyurr 2. Experimental data for the 
first and second runs are compared with corresponding 
7, versus composition dependence according to equation 
( I). The T,s from the first scan obey equation (1) 
satisfactorily. especially at W,,, < 0.5. The 7,! values from 
the second scans also change regularly with composition, 
but the corresponding curve is above the former one. 

It is worth noting that during cooling after the first 
scan. some crystallization occurs. This leads to an 
increase of 7; due to the immobilizing efTect of crystals. 
Since PBT crystallizes faster3”. the lower the PET content 
the higher the crystallinity and 7;. 

According to the smgle T, criterion”‘, the PET;PBT 
blends studied can be considered as miscible in their 
amorphous regions since they display, at each composi- 
tion. a single r, intermediate between those of the 
individual components. It should be nc>ted that melting 
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Table 2 IIS. data fol- inter\& of the glass transition region, ( C1 and for the melting temperatures of PBT and PET crystal ph,lscs in PET’PBT 
blends for the tirht III and second (II) scan 
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and cooling of samples in the calorimeter doe5 not lead 
to phase separation During the second scan of the blends. 
a single T, is always observed (Ficqlr~ /). 

Further proof for the miscibility of components on the 
molecular level is the widening of the 7; regions”. In 
Tdh 2 the temperature intervals of the 7; regions 1;-,1- 
the first and second scans of PET: PBT blends are given. 
One can see that the T, intervals at heating and reheating 
of pure components and blends containing up to IO \vt cl cl 
of the other component are nearly the same. Compositions 
with higher content of the other component (0 XO’lI,) 
show a considerable widening of the T, regions at the 
second scan. 

At the third scan of SOPET.‘SOPBT blend. after 
annealing for 2 h at 180 C, two distinguishable T,s appeal 
(Fiy~c~ I). Possibly, a phase separation occurs as a result 
of such treatment. 

The calculated value for the polymer polymer intcr- 
action parameter of Flory and Huggins”’ li,- is 0.01X. 
which is somewhat lower than the corresponding critical 
value of ~i,~. 0.020. Miscibility can be observed if I,,: is 
negative or very close to zero. It is known”S “’ that 
specific intermolecular interactions are favourablc to 
mixing. It is likely that. besides the relatively low xi.: 
value, specific intermolecular interactions between PET 
and PBT macrochains contribute to the miscibility. The 
reported theoretical predictions of compatibility of PET 
and PBT blends, based on calculations of the heat ol 
mixing, interaction parameter and free energy. also lead 
to the conclusion that the system behaves as a compatible 
polymer pair”-. 

On first heating, all PET/PBT blends exhibit only one 
crystallization peak. The higher the PET content in the 
blend. the higher the T, and the better the exotherms are 
expressed. Possibly, richer PBT blends crystallize partially 
during preparation for d.s.c. measurements. The second 
scan does not show crystallization effects. 

The crystallization process of pure PBT and all 
PET.‘PBT blends occurs immediately on exceeding T,, 
while crystallization of pure PET starts at about 30°C 
above 7, (Fi~quw I). In spite of the fact that all the blends 
display only one crystallization exotherm. they exhibit 
the usual melting endotherms of the two polymers on 
their d.s.c. traces (Figuws I and 4). Obviously. PET and 
PBT crystallize from their amorphous blend simul- 
taneously, independent of the composition. This result is 
quite unusual since neither polymer forms isomorphic 
crystals. 

In Fi~qurc 3 the dependence of crystallization tempera- 
ture 7; on the PET!PBT blend composition is given. Td 
is determined as the start or as the maximum of the 
crystallization peak. In this way two T, I’~JI’.SII.S composi- 
tion curves of similar shape are obtained. It is of interest 
to note that in both curves a certain decrease of T for 
the lOPETj90PBT blend is observed. Unexpectedly, 
blends containing up to 60% PET start to crystallize at 
a somewhat lower T, than pure PBT (Fiywc~.s 3 and 7). 
A sharp increase of T, for the blends containing more 
than 60% PET is clearly expressed by both curves in 
FiF‘iyuw 3. This effect is due to the rise of T,. 

Evidently, the addition of PET to PBT matrix does not 
suppress. and is even favourable. for the crystallization 
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Figure 4 D.s.c. melting curves for the tirst heating (20 C mm -‘) of 
PET PBT blends with different compositions (wt%j given on each 
curve. The dashed line thermogram is for the third heating of 
SOPET’SOPBT blend (after heating for 2 h at 180 C) 
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process. The addition of PBT to PET matrix also 
facilitates the crystallization process for at least two 
reasons. First, because of the higher rate of crystallization 
of PBT3”, its crystals can play the role of athermal nuclei 
for the crystallization of PET; and second, the addition 
of PBT decreases T, and therefore enhances the crystal- 
lization. Hence, a conclusion can be drawn that blending 
of PET and PBT has a synergistic effect on the 
crystallization process. 

For a thermodynamically miscible blend, the addition 
of an amorphous to a semicrystalline polymer has a 
dramatic effect on the crystallization behaviour of the 
latter38 ‘O. It has been shown that the total level of 
crystallinity in the blends decreases exponentially as the 
concentration of the amorphous polymer increases”‘. On 
the contrary, the present study demonstrates that the 
crystallization of a quenched PETiPBT blend is not 
hindered but even enhanced if compared to pure 
components. 

Fk/urtJ 4 shows d.s.c. melting curves during the first 
heatmg of PET/PBT blends with different compositions. 
Pure PET has one melting maximum. Pure PBT displays 
one main melting peak with a small shoulder at 185-C. 
Melting of lOPET,/90PBT and 90PET/lOPBT blends is 
also characterized by a single endotherm (not shown in 
Figure 4). Most likely. a lo”/0 content of the dispersed 
component in the matrix of the other component is not 
enough to form its own crystal phase, although it is 
sufficient to affect the glass transition and crystallization 
process of the matrix (Figwt’s 2 and 3). 

All other blend compositions have double melting 
peaks. The higher the content of one component, the 
higher the corresponding maximum. D.s.c. melting curves 
on reheating (not given) display the same shape as 
those shown in Fiyuw 4. However, the curve of the 
SOPET!‘SOPBT blend annealed at 1 WC is rather different 
(dashed line in Figure 4). 

Ttthlr _’ lists the melting temperatures T, (peak 
maxima) of PBT and PET components for the first and 
second heating of blends. It should be noted that the 
second scans always display lower melting temperatures 
than the first scans. 

From Fi~qzrw 4 and Tuble .J one can see that the T, of 
each component decreases with increasing content of the 
other component. The melting point depression in 
PET!PBT blends is better expressed in Figure 5, which 
shows ?;,, (PET) and T, (PBT) ~rsus blend composition 
dependence. Even a small amount of the other component 
leads to a significant decrease of T,. 

Generally, the 7;,, depression of a crystalline polymer 
in its blends results from morphological, kinetic and 
thermodynamic eff‘ects. Many authors3’,“’ ” have re- 
ported detectable differences between the melting be- 
haviour of a pure semicrystalline polymer and that of its 
blend. Almost invariably, the observable T, of the 
semicrystalline homopolymer is depressed in the miscible 
blends3”. Melting point depression for both crystalline 
components, PET and PBT, is also reported”’ when the 
blends crystallize from the melt at 185~C. 

As mentioned above, PET,!PBT copolymer formation 
was not observed in this study under the chosen 
conditions. The PET/PBT blends remain in the molten 
state for only a few seconds. while for complete chemical 

non-catalysed ester exchange reactions, several hours are 
needed”,16. Nevertheless, during a d.s.c. scan some 
transesterification is taking place. Possibly for this reason. 
on reheating an additional 7;,, depression is registered 
( Ttthlt~ 3). 

The effects observed. however. are not related only to 
copolymer formation. The rate of ester exchange re- 
actions is proportional to the concentration of com- 
ponents and the role of transesterification should be 
maximal for the SO:50 blend. On the contrary, small 
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Figure 5 Dependence of meltmg temperature 7, o1‘PET (0) and PBT 
IC 1 on the blend composition 
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Figure 6 Fractional melting enthalpies. AH,. of PET (0) and PBT 
I!:; I. and total degree of cryatallimty. .I’~. of PET PBT blends (0) wrsus 
hIend composition 
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The fractional degree of crystallinity of each component 
in the blend was calculated by measuring the areas under 
the melting peaks. After graphical separation of peaks. 
the AH,,, values wcrc calculated for each component and 
normalized for fractional content. F‘i+/cll//.cz (, displays the 
dependence of melting rnthalpies AH,,, of PET and PBT 
components on the bhd composition. In the same ligure. 
the total degree of crystallinity (including both phases). 
.yC. ~‘~‘/‘\tl.s composition of PET PBT blends is also shown. 
.vL ih calculated as Ihe sum of degrees of crystallinith of 
the pure components: 

w hcrc my; and .yc arc the degrees of crystallinity of PET 
and PBT. respectively. and I+‘,,, is the weight fraction 
of PET: the calves used for enthalpies at equilibrium 
melting temperatures are 140 Jg-’ for PET’h and 
l-14.5 J g ’ for PBT’-. 

~?<~uFc h shows that melting enthalpies of PET and 
PBT in the blends do not differ significantly from the 
corresponding values for pure polymers. Surprisingly. 
AH,,, of PBT even increases when it is blended with PET. 
This interesting result correlates with the reported 
decrease of temperature of cold crystallization of blends 
(F&U/.(, .<). The increase of PET content is related to some 
increase of the melting enthalpy of its phase. The total 
dcgrec of crystallinity of PET.‘PBT blends changes 
graduallv between the corresponding values of pure com- 
ponents i~i.(,~lr.~~ h). Obviously. each polymer crystallizes 
individually and contributes to the total crystallinity. 

It has been reported” that a strong mutual disturbance 
prevents spherulitic morphology from developing in 
o,t her crystalline, crystalline polymer blends. The total 
degree of crystalllm~y drops for polypropylene and 
polybutenc-I blends. The total crystallinity attained is 
lower than the linearly added contributions of the 
compounds. The presence of two components in the 
\ystcm hinders the crystallization processes of both 
pl1ascs’ .I, 

PET and PBT not only crystallize simultaneously but 
chc crystallization of each pure component is even 
enhanced by the presence of the other. The fractional 
degree of crystallinity of both polymers in their blends 
IS high. and close to the typical maximal values. It is 
quite unusual that the degree of crystallinity of PBT even 
incrcascs in blends with PET (Figwc 6). The values of 
the melting enthalpies of PET blended with PBT are 
higher than reported’ ’ values for pure PET crystallized 
l’or I7 h at temperatures up to 240 C. It should be noted 
(hat PET’PBT blends are not thermally treated. Once 
more. one can assume that a synergistic effect in the 
crystallization of PET,‘PBT blends exists. 

Microscopic observations ” indicate individual spheru- 
litic crystallization of both species of PET/PBT blends 
at low degrees of supercooling. It has been noted that 
the minor component is excluded within the spherulites 
of the major component and may subsequently crystallize 
in this location. 

It should be pointed out here that the crystallization 

of ultraquenched PI-T PBT blends at tirst hc;1[111g I;li,c\ 

place at rather high degrees of supercooling ~/.i’(l~r-~, /I, 
i.c. at rclati\ely low rate\. Nevcrthelesh. [hc Il~lrmali/cd 
melting rnthalpies for both components and 1 ht’ total 

degree of crystallinily of blends ha\,e high ~‘i/ UC\ (!:/,qur~, 

6). Hence. the crystallization process is ncrt disturbed. 
This result is in agreement with other reported dala. rhc 
WAXS \tud! of PBT hlends’” dcmnnstratcd that ~hc 
crystallite structure of individual component\ III blends 
is as perfect as the structure of pure substances. f’BT can 
crystallize when its miscible blend is annealed above the 
single rg of the blend. excluding the second polvmcr from 
PBT crystals. 

It is -interesting to note that the highesl values of 
melting enthalpies were obtained at the firit heating of 
ultraquenched PET, PBT and their blend>. Reheated 
samples. which crystallize during cooling and then at the 
second heating. have AH,,, values that are Ioucr by 25’!.,,. 
This result ih consistent with our reported dara for high 
performance PET:PBT blends through ultr;+quenching’O. 

Due to the amorphous miscibility and ability to reach 
high total crystaliinity. the ultraquenched PET,:PBT 
blends arc characterized by good mechanical properties. 
It was found”’ that as quenched SOPET.SOPBT blend 
exhibits relative elongation at break I: = 400%. while pure 
ultraquenched PET strips are brittle. The isotropic 
ultraquenched SOPET.‘jOPBT blend hasa tensile strength 
three to four times higher than that of pure conven- 
tionally quenched PET or PBT. After subsequent 
drawing and annealing. the ultraquenched blend has an 
elasticity modulus that is double that of PET and five 
limes h(gher than that of PBT. and almost doubly lower 
elongation at break”‘. 

Various factors of both a chemical and physical nature 
can affect this system. and they should be taken into 
account. The polymer pair is transesterifiable”5.‘x and the 
presence of copolymer improves the compatibility of the 
system*“. However, conventionally quenched PET,‘PBT 
blendsi” exhibit poor improvement in the mechanical 
properties as compared to the ultraquenched blends 
studied. On the other hand, copolymer formation was 
not registered. Hence, in this case the main reason 
for the better performance of physical ultraquenched 
PET:PBT blends should be related to their structure. 

As already mentioned, annealing of initially amorphous 
PET/PBT blends is related to coincident crystallization. 
forming two separate crystal phases of hot h ccjmpounds. 
After crystallization, the amorphous phase remains 
miscible (exhibiting a single r,, Figure 2, upper curve). 
The interphase adhesion between PET and PBT crystals. 
on the one hand. and the miscible amorphous phase, on 
the other. should provide good mechanical properties of 
blends. 

It is well known that mechanical propertlcs of pure 
polymers change drastically after ageinp. Such effects 
were observed for PET”. It was of interest lo investigate 
how the long period of storage at low temperature of 
ultraquenched PET/PBT blends af’fects their mechanical 
properties. Tensile tests on stored blends demonstrated 
that elongation appeared to be the most sensitive 
characteristic. In contrast to the as-quenched samples”‘. 
pure stored PBT and PET;PBT blends fracture without 
neck formation. while pure PET breaks after necking. 
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The elasticity moduli of blends increase from 20 to 50% 
after storage and display maximal values in the inter- 
mediate composition range (Figuw 7). 

Incompatible blends exhibit very poor mechanical 
properties. while compatibility is related to mechanical 
properties proportional to the composition6.5’. The 
blends studied even display positive synergism in their 
mechanical properties, which can be considered as 
evidence for their amorphous miscibility3 ‘. Obviously. 
ultraquenched PET,!PBT blends preserve this miscibility 
after 3 years of storage at low temperature. i.e. phase 
separation does not occur during storage. 

As for other PBT blends16, the observed miscibility 
can be explained by intermolecular n-electron interaction 
between the terephthalate residues of PET and PBT 
macromolecules. The tetramethylene glycol units of 
PBT provide flexibility to facilitate terephthalate inter- 
actions’“. Such specific interactions can overcome the 
dispersion forces and contribute to mixing. Even if the 
mixing is thermodynamically unfavourable. the phase 
separation can be kinetically hindered due to the strong 
interactionsA”. Even if interactions are not sufficient to 
achieve negative heat of mixing to satisfy the thermo- 
dynamic criterion for miscibility, another feature of the 
system studied should be taken into account. By rapid 
quenching, the homogeneous structure of the melt 
becomes frozen. The molecular motion is strong]) 
restricted and the phase separation is additionall! 
kinetically hindered. As a result. melt blended and 
quenched PET/PBT blends do not undergo phase 
transitions and separation, even after 3 years of storage. 
It was recently demonstrated for amorphous polyamide-h 
that the initial amorphous structure is more favourable 
for orientation than the semicrystalline structure and 
provides good mechanical properties53. 

Although the stored ultraquenched PET, PBT blends 
remain miscible. their thermal and mechanical properties 
are changed. The properties of ultraquenched pure PET 
and PBT are also different after storage. This can be 
explained by taking into account that the ultraquenched 
polymers are highly non-equilibrium systems. They are 
far from configuration equilibrium and slowly relax to 
the ‘ideal’ metastable amorphous state with minimum 
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energy. This process is homogeneous. in contrast to the 
heterogeneous process of crystallization”. It is likely 
that, during the storage of ultraquenched polymers and 
blends, a low temperature relaxation takes place. Crystal- 
lization under such conditions is excluded but. necerthe- 
less. the relaxation leads to a significant change in 
properties. This fact is known for the glassy metals” but. 
to the best of our knowledge, it is observed for the first 
time for polymer blends. 

C’ON(‘Ll.:SION 

Physical blends of PET and PBT are found to be miscible 
in all compositions in the amorphous state. While the 
melt-blended and as-quenched PET ‘PBT blends are 
characterized by two Tgs19, after a long period of storage 
at low temperature a single 7; is observed. intermediate 
between those of the pure components. .&-quenched 
blends are highly non-equilibrium systems. During the 
long period of storage at low temperature. PET,‘PBT 
blends undergo low-temperature relaxation resulting in 
;I change of structure, thermal and mechanical properties. 

PET and PBT crystallize coincidentally on exceeding 
TS. Each component crystallizes separately and its crystal- 
lization IS not disturbed and is even enhanced by the 
presence of the other component. i.e. a aynrrgistic effect 
in the crystallization of PET PBT blends is observed. 
The sem&rystalline blends are still miscible In the 
amorphous regions. On heating, all blends exhibit a 
double melting peak and well expressed melting point 
depression. The observed synergistic effect in mechanical 
properties is consistent with miscibility in the amorphous 
phase of these physical blends. 

In agreement with our results for amorphous poly- 
anlide-6i-‘. the conclusion has been drawn that reported 
good mechanical properties are facilitated by the miscibility, 
as well as the initial homogeneous amorphous struc- 
ture of ultraquenched blends. 
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