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ABSTRACT: Poly(ethylene terephthalate) (PET) and bisphenol-A polycarbonate (PC)
are melt-mixed in equimolar ratios under various conditions to get a series of PET–PC
copolymers. Samples from each copolymer are characterized by differential scanning
calorimetry, 1H and 13C nuclear magnetic resonance (NMR), size exclusion chromatog-
raphy (SEC), and polarizing light microscopy. The lengths of the PET sequences are
determined in different copolymer samples by NMR sequential analysis before and
after removal of the PC segments by selective degradation. In the former case, rather
unusual results are obtained, suggesting predominant alternating order of single PET
and PC repeating units. After selective elimination of the PC units, however, the NMR
techniques show evidence of consecutively bonded dyads or triads of PET and PC units,
which corresponds to the theoretical values in random copolymers obeying the statistics
of Bernoulli. Considering the 1H-NMR and SEC results after selective elimination of
the PC sequences, a possible structure of the residual PET containing segments is
proposed for the first time. It is concluded that in the PET/PC copolymers studied,
when sequence distribution approaches the random one, determination of the PET
block lengths after elimination of the PC sequences is more reliable as compared to
the cases when selective degradation is not applied. q 1998 John Wiley & Sons, Inc. J Appl
Polym Sci 68: 429–440, 1998

Key words: polymer blends; transesterification; poly(ethylene terephthalate); poly-
carbonate; nuclear magnetic resonance; size exclusion chromatography

INTRODUCTION sation could be mixed to the advantage and opti-
mization of the properties.1 Recently, there has

It has been known for a long time that polymers been considerable scientific and industrial inter-
obtained by both polymerization and polyconden- est in blending of condensation homopolymers. In

some of these blends, transreactions can easily
* Permanent address: Laboratory on Structure and Properties occur during melt processing with a great effectof Polymers, 1 James Bourchier Street, 1126 Sofia, Bulgaria.

on the compatibility and mechanical properties.Correspondence to: Z. Denchev.
Contract grant sponsor: NATO; contract grant number: As the transreactions advance, blends convert

920985; contract grant sponsor: DFG, Germany; contract first to block copolymers with a decreasing lengthgrant number: DFG-FR 675/21-1.
of the sequences to give finally random copoly-Journal of Applied Polymer Science, Vol. 68, 429–440 (1998)

q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/030429-12 mers.2 This concept is not new and has been
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430 DENCHEV ET AL.

proven in numerous homopolymer blends.3–8 In- role of effective mass transfer in the molten homo-
polymer blend for the obtaining of amorphous co-tensive research in this area has shown that the

control of transreactions can provide a new polymers with a more or less random sequence
distribution.method for preparation of copolymers within the

processing equipment. Such copolymers are ex-
pected to have wider variation in microstructure
and properties than copolymers prepared directly EXPERIMENTAL
from monomers.1

Blends comprising poly(ethylene terephthal- Materials
ate) (PET) and bisphenol-A polycarbonate (PC)

The polymers used were commercial PC (Mac-have received special attention because of their
rolon, weight-average molecular weight MV wpotential industrial application. Both homopoly-
Å 28,000) with a glass transition temperature Tgmers are widely used as engineering plastics. In
of 1507C and PET (Yambolen, viscosity-averageparticular, PC has high impact strength, and PET
molecular weight MV

£
Å 21,000 determined at 257Cdisplays an excellent solvent resistance. The reac-

in a phenol–tetrachloroethane mixture (60:40 bytive blending of PET and PC has already proved
weight, as indicated by Devaux et al.19) with ato be a successful and inexpensive route for pro-
melting temperature Tm of 2607C and Tg Å 707C.ducing new polymers with modified or even im-
Both products were supplied in the form of pellets.proved properties.9,10 In principle, it is possible to
The chemical structures of the homopolymers em-prepare different materials simply by changing
ployed are as follows.the weight fractions of PET and PC or the reaction

conditions of melt-mixing. For instance, PET–PC
block copolymers are obtained that are useful as
compatibilizers in PET–PC blends11 and also
poly(ether ester) random copolymers with prop-
erties enhanced or intermediate as compared to
those of the pure components.12

In the study of transesterification reactions in a
molten blend of condensation polymers, it is often
important to know whether the resulting product
is a block copolymer, a random copolymer, or still
a mechanical mixture of the starting homopoly-
mers. To that purpose, the following analytic tech-
niques are most frequently used in the PET–PC
or similar systems: differential scanning calorim-
etry (DSC)2–5 , 1H and 13C nuclear magnetic reso- Preparation of PET–PC Copolymer Samples
nance (NMR),6–8,10,13–16 chromatographic meth-
ods,10,17 and selective degradation of the PC The starting homopolymers were dried overnight

in vacuum at 1007C and used without further pu-segments with subsequent determination of vis-
cosity.18 The process of PET–PC copolymer prepa- rification. Their reactive melt mixing was per-

formed in a round-bottom, four-neck flaskration has been carried out in different ways,
with7,9,10,12,18 or without2–5,8,13,14,16 effective mixing equipped with a stirrer, inert gas inlets and out-

lets, and a thermometer measuring the tempera-of the molten homopolymer blend.
The purpose of this study is to characterize the ture of the melt. The reaction vessel was thermo-

stated at 2807C. First the PET homopolymer (50sequence lengths in PET–PC copolymers ob-
tained via transesterification, employing a combi- mmol) was charged and allowed to melt com-

pletely while stirring in an inert atmosphere. Annation of all of the above techniques, that is, DSC,
followed by PC units selective degradation, calcu- equimolar amount of PC was then added within

a period of 30 min under moderate agitation. Inlation of the lengths of the PET sequences based
on NMR data, and size exclusion chromatography some samples, 0.5% by weight (based on both

blend components) of tetrabutyl titanate [Ti-(SEC) of the selectively degraded PET–PC copol-
ymer. By means of polarizing light microscopy (OBu)4] were introduced as a transesterification

catalyst, leaving out of account the trace amounts(PLM) an attempt is also made to evaluate the
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SEQUENCE LENGTH DETERMINATION OF COPOLYMERS 431

of the PET polymerization catalytic system possi-
bly contained in this homopolymer that also pro-
motes transesterification. Samples were taken
from the reaction mixture at different stages of
copolymer formation and further subjected to
DSC. Each PET–PC copolymer was separated
from the reaction mixture in two different man-
ners. The first set of samples was obtained by
dissolution of each crude reaction product in
CHCl3, elimination of minor amounts of (up to 2
wt %) insoluble products representing aromatic
polyesters or carbonized residues, and evapora-
tion of CHCl3. For the second set, the filtered chlo-
roform solutions of the copolymers were precipi-
tated with methanol and dried in vacuum at room
temperature. Before being analyzed by various
analytical techniques, some of the samples were
annealed at 2357C for 24 h. To that purpose, about
0.5 g of the respective copolymer were placed in
an glass ampoule, sealed in an inert atmosphere,
and thermostated, with the temperature being
controlled with an accuracy of {0.57C.

Selective Degradation of PC Sequences

Scheme 1This procedure was performed as previously de-
scribed.10,18 The PC blocks are selectively attacked
and removed from the copolymers as low-molecu-
lar-weight compounds by reacting the transesteri-

studied by SEC on samples dissolved in a 90:10fied samples with a CH2Cl2 solution of piperidine
v/v mixture of tetrahydrofuran and hexafluori-according to Scheme 1. This process was carried
sopropanol (HFIP) and eluted with the same sol-out at room temperature for 3 h. The low-molecu-
vent mixture at 1.0 mL/min. A set of Ultrastyra-lar-weight products of PC degradation are 2-(4-
gel columns (103, 105, and 106 Å) operating athydroxyphenyl)-2-(4*-piperidinocarbonyloxy-
room temperature and ultraviolet detection werephenyl)propane (I), 2,2-bis(4-piperidinocarbonyl-
applied.oxyphenyl ) propane ( II ) , and bisphenol-A

Polarizing light microscopy studies were per-(III)18 . It is worth mentioning here that the
formed in an Zeiss-Axiophot light microscopemethod of this selective aminolysis leaves the
equipped with a heating stage Linkam 400.PET blocks unchanged and does not create addi-

tional bonds between them.18

RESULTS AND DISCUSSION
Measurements

DSC traces were obtained in a Mettler TA 3000 It is generally accepted that in blends of condensa-
tion homopolymers, the occurrence of transreac-instrument at 107C/min heating rate scanning the

sample from room temperature up to 2807C. Sam- tions leads to the formation of block copolymers.
With the progress of these transreactions, theple weights were in the 10–20 mg range.

The NMR spectra were recorded in CDCI3 on block lengths gradually decrease, attaining a final
state in which the different repeating units area Bruker spectrometer operating at 300 MHz for

1H- and at 75 MHz for the 13C-NMR measure- joined in a random order, obeying in binary sys-
tems the statistics of Bernoulli.20,21 Previous stud-ments. Tetramethylsilane was employed as the

internal standard. ies on binary blends of polycondensates2–5 have
shown that even if one or both of the startingMolecular weight distributions (MWDs) were
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mer formation and the degree of phase separation
in the PET–PC system to be studied by DSC is
also very important, as can be concluded from Fig-
ure 2. There, the DSC traces are shown of PET–
PC copolymers prepared under different condi-
tions. Curve a characterizes a copolymer obtained
after an 80-min melt mixing at 2807C in the pres-
ence of transesterification catalyst. The curve
does not reveal any melting endotherms, and the
Tg registered was 1087C. The next two curves were
taken with one and the same sample prepared by
180-min noncatalyzed reactive blending at 2807C,

Figure 1 DSC curves of a PET–PC mechanical blend with the copolymer being separated by solvent
annealed directly in the DCS apparatus for 45 min at evaporation (curve b) or precipitation (curve c).
2807C (curve c) and 180 min at 2807C (curve d). Curves

The small but detectable crystallizability in curvea and b characterize the PC and PET homopolymers,
b is much better revealed in curve c. That is, inrespectively.
the present case, precipitation obviously (and at
the same time rather unexpectedly) favors the
phase separation, so it was possible to resolve in
curve c a melting endotherm at about 1207C andhomopolymers are crystallizable, at higher de-

grees of transreaction completion, the system be- even a Tg at 607C. When additionally annealed
without stirring at 2357C for 24 h (curve d), bothcomes amorphous, that is, the copolymer chains

obtained are unable to fully contribute to the samples b and c showed similar and completely
amorphous structure with a single Tg at 1107C.three-dimensional periodicity of a crystal lattice.
Therefore, in the present case, annealing a PET–
PC copolymer at a temperature 15–207C below

DSC Studies the Tm of the neat PET results in further copoly-
mer amorphization rather than in restoration ofThe DSC traces shown in Figure 1 corroborate

this effect in the particular case of PET–PC copol- its crystallizability, as found in previous commu-
nications.3,4 Another important observation isymer obtained by annealing of an equimolar me-

chanical blend directly in the DSC apparatus.3 that the DSC traces of a PET–PC amorphous co-
polymer prepared by melt mixing at 2807C revealAfter 45 min of such annealing at 2807C (curve c

in Fig. 1), the sample still displays some crys- a Tg being significantly higher than that of a simi-
lar copolymer obtained by simple annealing of atallinity that completely disappears after 180 min

annealing time (Fig. 1, curve d). The same result mechanical mixture at the same temperature and
time duration (compare Fig. 1, curve d and Fig.was obtained for a much shorter annealing time

of 80 min at 2807C when 0.5 wt % of Ti(OBu)4 2, curve b). The effect of the effective mixing upon
the formation of amorphous PET–PC copolymerswere introduced into the mechanical blend (the

respective curve is not displayed). Anyway, the was further studied in the present work by means
of PLM.DSC traces demonstrated that a 180-min anneal-

ing in the DSC apparatus at 2807C produces an
amorphous copolymer (as revealed by DSC). Its

NMR Studiesinability to crystallize could be attributed to the
fact that effective transreactions at the above con- Amorphization of the PET–PC copolymer as re-

vealed by DSC cannot be considered a direct proofditions decrease the lengths of the PET blocks
to sequences comprising, in average, less than 5 of randomization. Theoretically, even a block co-

polymer containing long PET sequences might beresidues, which, as previously indicated,3 would
not be enough to form lamellae. It should be men- found unable to crystallize, owing to various rea-

sons, such as hampered copolymer crystallizationtioned here that the Tg of 827C registered for the
amorphous copolymer obtained without melt mix- due to the presence of degradation products and

improper crystallization time during the DSCing (Fig. 1, curve d) is much closer to that of PET
than to TPC

g . scanning.
The NMR technique remains the most powerfulThe effective mass transfer during the copoly-
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SEQUENCE LENGTH DETERMINATION OF COPOLYMERS 433

Figure 2 DSC curves (first scans) characterizing differently prepared PET–PC copol-
ymers: (a) melt-mixed for 80 min at 2807C, with additional Ti(OBu)4; (b) melt-mixed
for 180 min at 2807C, with no additional catalyst and the copolymer isolated by solvent
evaporation; (c) the same as in (b) but with the copolymer isolated by coagulation; (d)
obtained from both samples (b) and (c) after additional annealing of each of them
without stirring for 24 h at 2357C.

tool for sequential analysis of condensation copol- represent the acidic residues in the system (ter-
ephthalic and carbonate, respectively). The ethyl-ymers. For characterization of our supposedly

random PET–PC copolymers, we used the method ene glycol and bisphenol-A moieties are denoted
by A1 and A2 . The structures of the correspondingof Devaux et al.22 based on the earlier works of

Guinlock et al.,23 Kricheldorf,14 and Yamadera fragments are as follows:
and Murano.20

It was interesting to apply a combination of
selective degradation of PC and a subsequent
analysis of the remaining PET containing residue
by means of NMR in order to compare the results
to those derived from the NMR spectra of samples
without selective degradation. Amorphous (as re-
vealed by DSC) PET–PC copolymers were only
studied obtained from the corresponding neat
polymers by melt mixing. These copolymers were
completely soluble in chloroform and were iso-
lated by solvent evaporation and/or precipitation
with methanol.

Our study was based on the most characteristic
range in the 1H-NMR spectra of the PET–PC co- From spectrum (b), it becomes evident that the

residual product after PC elimination does notpolymers: the signals situated between 8.0 and
8.4 ppm. They belong to the benzene protons of comprise PET sequences only; as one might ex-

pect, it would have contained then only a singletthe terephthalic acid residue and are sensitive to
the sequence length changes.22,23 at a chemical shift d Å 8.06 ppm, which is not

the case. Even though aminolysis affects only theIn Figure 3, the spectra of an amorphous PET–
PC copolymer is depicted (a) before and (b) after {OC(O)O{ groups of PC and not the ester

groups of any type, the resultant structure afterselective degradation of the PC units. B1 and B2
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types of terephthalic protons derived from the cor-
responding peak areas is also worth mentioning.
After selective elimination of the PC sequences
in all amorphous (as revealed by DSC) PET–PC
copolymer samples, the relation of Ar–Ar : Ar–
Alk : Alk–Alk Å 1 : 6 : 9.

The well-known method of Devaux et al.22 was
applied to calculate the coefficients x and y , repre-
senting the average degree of polymerization of
PET and bisphenol-A terephthalate sequences,
respectively [also see eq. (2)] . The following rela-
tions were used to that purpose:

x Å [A1B1A1]
[A1B1A2]

/ 1, y Å [A2B1A2]
[A2B1A1]

/ 1 (1)

where [A1B1 A1 ] , [A1B1A2 ] Å [A2B1A1 ] and
[A2B1 A2 ] are the concentrations of the corre-
sponding moieties derived from the integral in-
tensities of their 1H-NMR peaks. As seen from
Table I, in all samples where no selective degra-
dation was performed, rather unusual values for
x were obtained. They were lower than those of
a completely random copolymer, which would
normally indicate a trend toward alternating
copolymer. The x-values obtained after selec-
tive degradation, however, (see the emphasized
rows in Table I ) are higher than those theoreti-
cally calculated for fully random copolymers.
We consider them more reliable than the results
obtained without degradation because of the
following reasons. The degradation procedure
eliminates from the system to be studied by
NMR not only the PC residues but also all low-
molecular-weight side products obtained during
the melt mixing and prolonged thermal anneal-Figure 3 1H-NMR spectra of (a) non-degraded and

(b) selectively degraded amorphous PET–PC copoly- ing so that the risk of misinterpretation of the
mer obtained by melt mixing for 180 min at 2807C. results due to peak overlapping is lower. Fur-

thermore, having in mind the entropic nature of
the driving force toward randomization, 3,4,21 it
seems to be very unlikely to reach in a real sys-elimination of the PC repeating units should be
tem and for finite annealing times, the finalrather complex.
state of randomization, alternating PET and PCBoth spectra in Figure 3 represent a superpo-
homodyads, not to mention x-values below 2.0.sition of the four signals of an asymmetrically sub-

The same PET–PC samples were studied bystituted (containing both alkyl and aryl moieties) 13C-NMR. The results are given in Table II. Interephthalic acid residue Alk–Ar (or A2B1A1)
this table x , y , z , and w are indexes in the follow-with the two signals of two symmetric tere-
ing general formula22:phthalic acid derivatives Alk–Alk (or A1B1A1) at

8.06 ppm and Ar–Ar (or A2B1A2) at 8.28 ppm.
0 [ (A1B1)x0 (A1B2)y ]0 [ (A2B1)z0 (A2B2)w ]0 (2)The former represents a PET unit and the latter

represents a unit of an aromatic terephthalic poly-
ester. The relationship between the different and are calculated using the following relations:
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SEQUENCE LENGTH DETERMINATION OF COPOLYMERS 435

Table I Average Degree of Polymerization of Ethylene- (x) and Bisphenol-A (y) Terephthalate
Segments Derived from 1H-NMR in Presumably Random PET–PC Copolymers Obtained
After Melt Mixing for 180 Min at 2807C

Method of Random Annealing at Selective Degradation
No. Copolymer Separation 2357C for 24 h of PC Sequences x y

1 Coagulation No No 1.72 1.34
2 As for sample 1 No Yes 2.67 1.23
3 As for sample 1 Yes No 1.65 1.39
4 As for sample 1 Yes Yes 2.51 1.17
5 Solvent evaporation of 1 No No 1.72 1.32
6 As for sample 5 No Yes 2.66 1.23
7 As for sample 5 Yes No 1.62 1.44
8 As for sample 5 Yes Yes 2.50 1.15
9 Theoretical values for random copolymers22 2.16 1.87

PET and PC units, respectively; likewise, [A1B2]
x Å [A1B1]

[A1B2]
/ 1, y Å [A1B2]

[A1B1]
/ 1, and [A2B1] are the concentrations of the PET–

PC transitional structures.
From the above tables, one can see that, asz Å [A1B1]

[A2B2]
/ 1, w Å [A2B2]

[A2B1]
/ 1. (3)

expected, the method of sample separation (coag-
ulation or solvent evaporation) does not affect sig-

Again, B1 and B2 represent the acidic residues nificantly the PET sequence lengths. The values
in the system (terephthalic and carbonate, respec- of the samples with same thermal prehistory de-
tively), and the ethylene glycol and bisphenol-A termined by the two NMR methods are also close
moieties are denoted by A1 and A2 . Therefore, enough. Both NMR techniques applied do not con-
[A1B1] and [A2B2] are the concentrations of pure firm the previously established3 effect of restora-

tion of crystallizable PET sequences upon pro-
longed annealing of a random PET–PC copoly-
mer. Instead, a further decrease of the PETTable II Sequential Analysis for PET–PC
segments during this annealing is to be supposed.Copolymers with Different Thermal
On the other hand, copolymers with fully randomPrehistories and Methods of Separation
sequence distribution (consecutively linked homo-Based on 13C-NMR
dyads of PET and PC) were not obtained either.

Sample No. x y z w In this respect, our results are in favor of the sup-
position of Kricheldorf 14 and of Backson et al.,8

1 1.64 2.55 1.38 3.57 who pointed out that completely random copoly-
2 2.80 1.56 3.00 1.33 mers could be prepared only in the process of pri-
3 1.72 2.45 1.47 3.11 mary polycondensation (starting from monomers,4 2.59 1.63 2.81 1.55

for example, of two diacyl dichlorides and two di-5 1.70 2.42 1.40 3.40
ols or diphenols) and not by transreactions in bi-6 2.76 1.57 2.77 1.56
nary polyester or polyamide blends.7 1.55 2.82 1.51 2.96

Comparing the NMR data of PET–PC copoly-8 2.60 1.62 2.70 1.59
Theoretical value for a mers before and after aminolysis enabled us to

random copolymer22 2.16 1.87 2.16 1.87 elucidate the sequential ordering in the residual
PET containing fragment remaining after PC se-

Note: 13C species studied for [A1B1] and [A2B1]: the C|O lective elimination (Scheme 2). We believe thatcarbon signals of the terephthalic acid residue at 165.6 and
this fragment accurately reflects the PET units164.3 ppm, respectively. For [A2B2] and [A2B1]: the peak of the

H-bonded benzene carbons of the bisphenol-A residue at 121.1 sequence in the starting PET–PC copolymer be-
and 120.83 ppm, respectively. Samples are the same as in fore its selective degradation. Based on the 1H-Table I. Bolded values are for the selectively degraded sam-
ples. NMR data, the model structure in Scheme 2 could
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cation that a complete selective degradation of the
PC units is carried out.

The MWs as revealed by SEC of all copolymer
samples studied are summarized in Table III. The
values of a selectively degraded PET–PC random
copolymer (prepared by melt mixing of an equimo-
lar PET–PC blend for 180 min at 2807 ) deserve
special attention. They strongly support the pro-
posed hypothetical structure of the residual PET-
containing fragment. All degraded PET–PC ran-Scheme 2
dom copolymers studied by NMR (Tables I and
II) reveal similar values, of about 1700–1800 for
MV n and 2600–3100 for MV w ; that is, in all cases,
the theoretical MW of 2500–2900 is between thebe suggested for the average residual fragment
SEC MV n and MV w . Since these are equivalent poly-remaining after the PC selective degradation:
styrene MWs, one should not look for a completeThe designations I, II, and III are for the Alk–
coincidence between the theoretically calculatedAr, Alk–Alk, and Ar–Ar terephthalic protons, re-
and experimentally found SEC MWs However,spectively. According to this theoretical structure,
the similarity is quite enough to support the struc-the relation Ar–Ar : Alk–Ar : Alk–Alk Å 1 : 4 :
ture of the residual PET-containing fragment, as6 (if the average PET sequence is considered to
suggested above, on the basis of NMR datacomprise 3 PET units). Comparing it to that prac-
(Scheme 2). This fragment contains two se-tically established, which is 1 : 6 : 9 (or 0.7 : 4.0 :
quences of two to three PET repeating units sepa-6.0), it may be concluded that the theoretical
rated by long spacers built up of terephthalic andvalue relatively well corresponds to the NMR
bisphenol-A moieties and is therefore noncrystal-data. At the same time, it is obvious that the real
lizable. Judging from Table III, melt mixing fordegraded copolymer would probably contain not
45 min/2807C apparently gives rise to a similaronly the above theoretical sequence but also vari-
fragment, comprising, however, up to three timesous related sequences representing different frag-
longer PET blocks.ments of the latter containing more asymmetric

Alk–Ar moieties and a little longer PET blocks.
PLM Studies

Based on general considerations, the chemical re-SEC Studies
actions in molten polymer blends should be con-
trolled by the diffusion of the reacting species andAs seen from its theoretical structure, the average

residual fragment obtained after selective degra- their getting in close vicinity so that an effective
interaction could take place. This would be truedation of the PC units should have a molecular

weight between 2500 and 2900, depending on the especially when a more or less random copolymer
is desired as the main reaction product.length (two or three units) of the PET sequences.

Therefore, a further evidence in favor or against There is no clear distinction in the literature
between the properties of PET–PC random copol-the structure proposed might be found by SEC

investigations of degraded PET–PC copolymers. ymers prepared with and without an effective
mixing. In this concluding study, we attempted toIn Figure 4 and Table III, all SEC data are

summarized about the molecular weights (MW) clarify the role of effective stirring during the
PET–PC copolymer preparation. As mentionedand molecular weight distributions of the PET–

PC copolymers before and after degradation and above, transreactions leading to an random PET–
PC system are accompanied by drastic changes ofremoval of the PC units. The selective degrada-

tion causes a drastic decrease in the molecular crystallizability. Since PLM is an useful tool for
characterization of crystallizable systems, we per-weight of the starting samples. In the case of

homo-PC (Table III) , the average weights of the formed the following direct observations of the
melting: the crystallization cycle in PET–PCproducts of aminolysis are close to that of bisphe-

nol-A, which is one of the low-molecular-weight samples obtained with and without mixing when
annealed at elevated temperatures.degradation products. This is an additional indi-
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Figure 4 Molecular weight distribution of PET–PC copolymer samples of different
block lengths (1) and (3) before and (2) and (4) after PC selective degradation as
revealed by SEC. The numbers of the curves correspond to those in Table III.

Figure 5 represents a light micrograph of a so- have taken place in such samples. The crystalline
phase revealed in the DSC traces (Fig. 2, curvelution cast film produced from a copolymer ob-

tained by melt mixing (sample 5 in Table I) . In- b) cannot be detected by PLM.
Next figures display the changes of the samplespection at 857C does not reveal any crystalline

entities. Increased temperatures of up to 3007C texture in a PET–PC homopolymer blend during
its transformation into a copolymer without mix-did not give significant changes of the texture ex-

cept for the visible signs of sample degradation. ing. To that purpose, PET and PC homopolymers
were mixed in HFIP, 0.5 wt % of tetrabutyl ti-This means that PET–PC copolymers obtained by

prolonged melt mixing under intensive stirring tanate were added, and a transparent film was
prepared after evaporation of the common sol-are most probably amorphous at the above condi-

tions; that is, a complete randomization should vent. The sample was then placed on the heating

Table III Molecular Weights MU n and MU w and the Polydispersity Ratio MU w/MU n of PET–PC of
Copolymers with Different Thermal Prehistories Before and After PC Selective Degradation

Molecular Weights from SECa

and Polydispersity Ratio
Melt Mixing at Selective

No. Sample 2807C (min) Degradation MU n MU w MU w/MU n

1 PET–PC equimolar 45b No 19690 51332 2.607
2 PET–PC equimolar 45 Yes 5027 8611 1.713
3 PET–PC equimolar 180c No 10266 28161 2.755
4 PET–PC equimolar 180 Yes 1590 2717 1.709

Bisphenol-A — No 303 312 1.029
Neat PC — No 18567 29800 1.605
Neat PC — Yes 348 361 1.037

a Equivalent polystyrene MW.
b Crystallizable (according to DSC) PET–PC copolymer (longer blocks).
c Noncrystallizable (according to DSC) PET–PC copolymer (shorter blocks).
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Figure 5 PLM photograph of a copolymer PET–
PC sample obtained by melt mixing (sample 5 in
Table I ) . The picture is taken at 857C, with crossed
polars.

stage and observed at temperatures between 25–
2997C.

As seen in Figure 6, at room temperature, the
crystalline PET phase is well dispersed in the
amorphous PC phase, with the texture obtained
reminding one of a liquid crystalline system. It is
very difficult to define the type of the crystal phase
entities. Figure 7(a) shows that short annealing
(5 min) of the blend at 2997C did not completely
destroy the crystallinity of the sample. This hap-

Figure 7 PET–PC blend in Figure 6 and (a) 5 min
and (b) 10 min at 2997C. All crossed polars; in (b),
l compensation is applied. The pictures are taken at
2997C.

pens after a 10-min heating [Fig. 7(b)] , where
isotropic droplets of melted material are clearly
observable. The sample was kept for another 20
min at this temperature and cooled down to
2357C. A prolonged (230 min) annealing was than
applied that resulted in the texture shown in Fig-
ure 8. Further cooling to room temperature did
not significantly change the structure of the sam-Figure 6 PLM photographs of a PET–PC mechani-
ple (Fig. 9).cal mixture containing 0.05 wt % tetrabutyl titanate

Summarizing the results of the PLM study ofobtained after evaporation of the common solvent.
the non-stirred PET–PC system, one has to con-Conditions were as follows: room temperature;

crossed polars. clude that the equimolar PET–PC mechanical
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mixture prepared by dissolution in a common sol-
vent contains finely dispersed ordered domains.
A complete melting of the crystalline structures
in this blend stakes place at unexpectedly high
temperatures. Irrespective of the fact that a trans-
esterification catalyst is added and that a pro-
longed annealing at 2357C is used, upon cooling
to room temperatures, the crystalline entities of
the PET–PC sample reappear. Therefore, one has
to conclude that in this immiscible PET–PC blend
where no stirring is applied, transreactions are
obviously confined to the interface between the
two phases. Obviously, the system does not trans-
form into random (amorphous) copolymer under
the conditions employed.

Figure 9 The sample in Figure 8 cooled down to room
temperature, with crossed polars.

CONCLUSIONS
residual fragment. It accurately reflects the PET
units sequence in the starting PET–PC copolymerPET–PC copolymers of nearly random sequence
before its selective degradation.distribution are prepared by mixing of the molten

homopolymer blend. DSC and PLM studies demon-
The authors thank to Ms. P. Kindervater, Max Planckstrate that the effective mass transfer seems to be
Institute for Polymer Research, Mainz Germany, forof prime importance for the obtaining of amorphous
taking all NMR spectra. Z. Denchev thanks the Max-

structures with random order of the homopolymer Planck Institute for Polymer Research, where all exper-
units. Calculation of the sequence lengths in PET– iments and measurements were performed, for its hos-
PC copolymers based on NMR data gives more reli- pitality.
able results when applied to samples in which the
PC units are selectively removed. Combined NMR
and SEC studies of such samples enable determina- REFERENCES
tion of the rather complex structure of the average
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