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Abstract

Phase separation of two partially miscible polymer blends is studied with modulated temperature DSC (MTDSC). The lower critical
solution temperature (LCST) demixing behavior of poly(ethylene oxide) (PEO) blended with poly(ether sulphone) (PES) and with-poly(3,4
diphenylene ether isophtaloyl amide), as determined by cloud point temperatures with optical microscopy, is in excellent agreement with
results obtained from non-isothermal MTDSC measurements. The non-isothermal MTDSC apparent heat capacity evolution is time-depen-
dent. It is influenced by the endothermic demixing enthalpy and, in the case of PEO/PES blends, by the vitrification Gf;ahégste-
formed. Quasi-isothermal MTDSC measurements contain information on the kinetics of demixing and remixing, emphasizing the added
value of MTDSC to follow in situ the diffusion-controlled phase separation processes of partially miscible polymer ®l@ed8 Elsevier
Science Ltd. All rights reserved.
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1. Introduction glass transition temperatures of the phase-separated blend
by means of enthalpy relaxation effects [6,7].

Partially miscible polymer blends are characterized by a  Modulated temperature differential scanning calorimetry
temperature and composition dependent miscibility. (MTDSC) is an extension of conventional DSC that
Liquid—liquid phase separation of a miscible blend system combines high resolution with high sensitivity by use of a
can occur either during heating (LCST-type) or during cool- sinusoidal temperature modulation superimposed on a
ing (UCST-type). Cloud point temperatures are usually constant temperature or a linear temperature program with
detected by observation of the transmitted light intensity a small underlying (average) heating rate [8—10]. These
during a temperature change of the blends [1]. The determi- characteristics appear to be suitable for the determination
nation of phase separation in partially miscible polymer of liquid—liquid phase separation in polymer blends. In
blends by means of thermal analysis is often difficult comparison to conventional DSC, the MTDSC analysis
because of the small demixing enthalpy and the slow rate enables the simultaneous calculation of an additional quan-
of the diffusion-controlled process. It has been shown that tity, the cyclic or (modulus of) complex (specific) heat capa-
differential scanning calorimetry (DSC) can be used to city (in short termed heat capacityg, (J glK™:
determine miscibility gaps in both low and high molecular
weight systems [2]. However, the use of high DSC scanning ~ _ Aur
rates to enlarge the evolved heat flow signal results in poorly P Arw
resolved signals that are difficult to interpret [3—5]. A differ-
ent approach in the characterization of phase separation inwhereAyg is the amplitude of the cyclic heat flow w39
polymer blends by DSC is based on the detection of the andArw is the amplitude of the cyclic heating rate, with

the temperature modulation amplitude (k),the modula-
tion angular frequency= 2w/p) and p the modulation

D
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heat flow, non-reversing heat flow, heat flow phase and thin samples between glass slides under an Olympus optical

phase correction) can be found in the literature [8,11,12]. microscope coupled with a computer-controlled CCD-
The benefits of the heat capacity information, especially camera. The samples were heated at a rate°®frdin*

in isothermal conditions, for the characterization of reacting using a Mettler FP-82 hot stage. The onset of the decrease

polymers have been illustrated [13—15]. Recently, MTDSC of the transmitted light intensity was chosen as the cloud

results on the in situ detection of reaction-induced phase point temperature.

separation in thermosetting systems have been reported

[16,17].

In this paper, the applicability of MTDSC to study
liquid—liquid phase separation in polymer blends will be
investigated. The binary blends of poly(ethylene oxide)
(PEO), a crystallizable component, with a high-amor-
phous component, poly(ether sulphone) (PES) or
poly(3,4-diphenylene ether isophtaloyl amide) (Aramide
341) are chosen as partially miscible polymer systems
with LCST-type demixing behavior. These results should
contribute to a better understanding of the kinetics of

phase separation processes in general, and, more specifi

cally, of phase separation during cure of thermosetting
systems [16—19] and during in-situ polymerization [18,20].

2. Experimental
2.1. Blend preparation

2.1.1. PEO/PES

PEO, from UCB, with a viscosity average molecular
weight of 17 000 g mol* and a polydispersity of 1.35,
was blended with PES (trade name Victrex 4800G), from
Victrex Ltd. (UK), with a viscosity average molecular
weight of 61 000 g mol* and a polydispersity of 1.72.
PEO/PES blends of 90/10, 80/20, 75/25, 60/40, 50/50 and
20/80 w/w compositions were obtained by preparing 10%
(w/v) solutions of both components in dimethylformamide
and by removal of the solvent under vacuum atG.0The
blends were additionally dried under vacuum at@for 2
days.

2.1.2. PEO/Aramide

PEO with a viscosity average molecular weight of
20 000 g mol* and a polydispersity of 1.2, from FLUKA
Chemie AG, was blended with a laboratory-synthesized
Aramide 34l [21] with a weight average molecular weight
of 36 000 g mol! and a polydispersity of 2.04 in w/w
compositions of 95/5, 90/10, 80/20, 75/25, 65/35, 50/50
and 20/80. Blends were prepared by solution casting from
10% (w/v) solutions in pyridine. After evaporation of the
solvent, the blends were dried under vacuum acgfor 2
days to remove the residual solvent.

The glass transition temperatures of PEO and of the
amorphous components PES and Aramide 34l are ca.
—60°C and 228C, respectively.

2.2. Optical microscopy

Cloud points were detected from the light transmitted by

2.3. Dynamic mechanical thermal analysis

Dynamic mechanical thermal analysis measurements
were performed with a DMTA MK-II of Polymer Labora-
tories. The scans were performed in the bending mode from
—70 to 220C at a heating rate o2 min ' and at frequen-
cies of 1 and 10 Hz.

2.4. Fourier-transform infrared spectroscopy

_ A Perkin—Elmer System 2000 Fourier-transform infrared
(FTIR) spectrometer was used for the FTIR experiments.
Thin films required for FTIR spectroscopy were prepared
from 2% (w/v) solutions on a KBr window. The spectrum
was obtained by Fourier transforming 12 accumulated inter-
ferograms between 4500 and 450 ¢nat a resolution of
4cm ™t The samples were heated at °CSnin! in a
Mettler FP-82 hot stage.

2.5. Conventional DSC

A Perkin—Elmer DSC-7 with CCA-7 cooling system was
used at a heating rate of MMmin~* under N-atmosphere.
The sample weight was between 5 and 10 mg. The DSC
temperature and enthalpy calibrations were performed
using indium and gallium. The Perkin—Elmer system was
equipped with a controlled nitrogen atmosphere cover to
handle samples at low temperature without condensation
prior to the measurement.

2.6. MTDSC

The MTDSC measurements were performed on a TA
Instruments 2920 DSC with MDSCT option and a RCS
cooling system. Helium was used as a purge gas
(25 ml min™). Indium and gallium were used for tempera-
ture calibration. The former was also used for enthalpy cali-
bration. Heat capacity calibration was performed with a
PMMA standard (supplied by Acros [22]), using the heat
capacity difference between two temperatures, one above
and one below the glass transition temperature of PMMA,
to make sure that heat capacity changes were adequately
measured. Standard modulation conditions used in the
experiments are an amplitudg of 1°C and a periog of
60 s. For non-isothermal experiments a heating fatef
1°C min~! was used.

The samples were molten and thin films were hot pressed
in non-hermetic aluminum crucibles, making sure not to
surpass the temperature where phase separation occurs.
Sample weights were between 5 and 10 mg.
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Table 1 sufficient information for the interpretation of the MTDSC
Cloud point temperature of PEO/Aramide and PEO/PES blends detected bysignals.

optical microscopy (IC min~%), conventional DSC (1€ min™Y) and
MTDSC (8 = 1°C min %, A; = 1°C andp =60 5

Blend composition ~ Optical microscopy Conventional MTDSC 3.1.1. Optical microscopy

C) DSC (C) ¢C) Thg cloud point temperatures of. PEO{PES and PEQ/
Aramide blends, as detected by optical microscopy during

PEO/Aramide heating at 1C min~*, are presented in Table 1. The phase
95/5 133 - - diagrams of both blend systems are given in Fig. 1, showing
90/10 122 121 - h ) wal cloud point : lation to: (i) th
80/20 129 129 131 the experimental cloud point curve in relation to: 0) the
75/25 135 132 137 melting and crystallization domain; and (ii) the theoretical
65/35 138 140 142 evolution of the glass transition temperatufg, with the
50/50 152 152 150 composition of the miscible systems. Note that the theore-
20/80 186 182 181 tical evolution of Ty is only indicative and should be
PEO/PES corrected by measuring, for different one-phase composi-
90/10 74 - - tions. Also the width of the glass transition region should be
80/20 80 80 80 considered in this respect.
75/25 84 82 82 . D
60/40 97 93 97 PEO/Aramide blends exhibit liquid—liquid phase separa-
50/50 104 103 101 tion of the LCST-type from 12% at a 90/10 blend compo-
20/80 133 127 130 sition. PEO/PES blends also show LCST-type phase

separation behavior with a minimum temperature ofC/5
at a 90/10 blend composition in agreement with literature
[23,24].

3. Results and discussion
3.1.2. Conventional DSC
3.1. Determination of the onset of phase separation DSC thermograms of the 50/50 blend of both PEO/
Aramide and PEO/PES are presented in Fig. 2. To allow
The liquid—liquid phase separation process of PEO/PESthe measurement off; of the amorphous one-phase
and PEO/Aramide blends was first investigated by means ofblend, the samples were first quenched from a temperature
optical microscopy and conventional DSC in order to obtain between the melting temperature of PEO and the cloud point
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Fig. 1. Phase diagram of: (a) PEO/Aramide; and (b) PEO/PES blend sy&)ario¢d point determined by optical microscoplyl)(onset of demixing obtained
by MTDSC.
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Fig. 2. Conventional DSC thermograms at a heating rate % b@in"* of a 50/50 blend of: (a) PEO/Aramide; and (b) PEO/PES.

temperature. The quenching procedure is intended to avoid An endothermic signal is observed with an onset tempera-
crystallization of PEO, which would interfere with the ture at 152 and 108, respectively (indicated by arrow).
determination ofT, of the blend. Fig. 2 shows a single They correspond to the cloud point temperatures measured
glass transition for the PEO/Aramide system, as an by optical microscopy for both 50/50 blends (see Table 1).
indication of an initially homogeneous blend. The difficulty The shape of the evolved heat flow signal depends
of the quenching procedure is illustrated with the thermo- strongly on the blend composition. It was reported in litera-
gram of the PEO/PES blend, still showing a very small ture that the area of the endothermic phase separation signal
melting peak of PEO around 8D. For the same content in a conventional DSC experiment is related to the enthalpy
of PEO in the homogeneous blends, PEO/PES is crystal-of demixing,AHgemix[2]. AHgemix Of @ low molecular weight
lizing faster than PEO/Aramide. Moreover, the higher the system was theoretically calculated from the enthalpy
PEO content, the less efficient the quenching procedure todifferences of the demixed phases, and a theoretical heat
avoid crystallization in both homogeneous systems flow signal was obtained from the derivative AHgemix
[25,26]. with respect to temperature. This theoretical DSC signal
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Fig. 3. Evolution of the FTIR wavenumber of the N—H stretching vibration of a 50/50 PEO/Aramide during heatintCamin5".
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Fig. 4. MTDSC experiment (apparent heat capacity) and optical microscopy measurement (% light transmittance) of a 75/25 PEO/PES blend: underlying
heating rate3 = 1°C min™ %, modulation amplitudé\; = 1°C and periodh = 60 s (EC/60 s).

showed an endothermic peak with a sharp low-temperaturePEO/PES blend, revealing the smaller endothermic conven-
side and a slow decrease to the baseline at the high-temperational DSC signal at phase separation, was used for this
ture side, corresponding to a phase separation procespurpose. For the 75/25 PEO/PES system, using conven-
during which the composition of the co-existing phases tional DSC, a heating rate of at least®min ' is needed
changes continuously as a function of increasing tempera-for a reproducible calculation of the onset temperature of
ture [2]. Although the quality of these rather small endother- demixing and of the small value of the demixing enthalpy of
mic signals is insufficient for a clear interpretation of the the broad demixing endotherm Algemix < 2Jd *
demixing enthalpy versus composition, it can be observed smeared-out over more than°f).
from Fig. 2 thatAHg4.mix Of the PEO/Aramide blend is at least Fig. 4 shows an overlay of the heat capacity signal of an
twice that of the PEO/PES blend. This doubled value MTDSC experiment and the light transmittance of an opti-
(AHgemix= 5.0+ 05Jg ! for a 50/50 PEO/Aramide cal microscopy measurement of the 75/25 PEO/PES system,
blend) can be assigned to the presence of hydrogen bondoth at a low heating rate of@ min~*. The onset of phase
in the homogeneous PEO/Aramide blends, which contribute separation from optical microscopy corresponds very well
to a higher interaction energy and a higher demixing to the onset of a small stepwise increase in the MTDSC heat
enthalpy [27-29]. capacity. This observation is also valid for the other blend
The presence of hydrogen bonds and their importance incompositions of PEO/PES and for PEO/Aramide blends
the phase separation process of PEO/Aramide blends is(see Table 1). MTDSC reliably measures these small heat
shown with FTIR analysis. The broad absorption band capacity changes as a function of temperature, omitting
from 3400 to 3100 cri* of the N—H stretching vibration  noise and baseline curvature [8—10]. Using conventional
mode of the 50/50 PEO/Aramide blend shifts to higher DSC, a heating rate of°C min™* is too low to detect the
wavenumber with increasing temperature (Fig. 3). As free onset temperature of demixing and to reproducibly calculate
N—H groups are absorbing at higher wavenumber thanthe small value of the demixing enthalpy. The ability to
hydrogen bonded N-H groups, the observed shift is detect the onset of phase separation in polymer blends by
assigned to the fact that hydrogen bonds are disfavored atmeans of the MTDSC heat capacity signal is therefore
higher temperature. An increase of the wavenumber of the superior to the conventional DSC method, especially at
N—H absorption band is observed around the cloud point low heating rates.
temperature of 15, indicating the important exchange of The question rises whether the stepwise increase (and

hydrogen bonds in this temperature domain. also the further evolution) of the cyclic or (modulus of)
complex heat capacit\G,, calculated according to Eq. (1)
3.1.3. MTDSC and depicted in Fig. 4, depends solely on the thermody-

In a next step, the onset of the liquid—liquid phase separa-namic heat capacity of the blend, or also on an ‘excess’
tion process was investigated by means of MTDSC. The contribution caused by the enthalpic effects from the
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apparent heat capacity (Jg'1K'1)
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Fig. 5. Apparent heat capacity of PEO/PES blends (75/25, 50/50 and 20/80) at an underlying heafing 14@&min~! and modulation of C/60 s; the
hatched areas show the enthalpic effect associated with the demixing process; two independent measurements for the 75/25 blend show tliyreproducibi
(enlarged insert).

phase separation process (see further discussion). For thient heat capacity signal is very satisfactory (see insert of
reason, the heat capacity signal of Fig. 4 is referred to asFig. 5 for the 75/25 PEO/PES blend). It illustrates the power
‘apparent’ heat capacity in order to emphasize the difference of MTDSC to detect these effects during the non-isothermal
with the pure thermodynamic heat capacity of the system. phase separation process.
The extrapolation of the heat capacity evolution before
3.2. Evolution of demixing with temperature and time as  the onset of phase separation is depicted with a dashed line
detected by MTDSC as a guide to the eye. Assuming a simple additivity rule as a
first approximation, this temperature dependency can be
After a comparison of the onset temperatures of phase predicted using reference values for PEO and PES from
separation by means of optical microscopy, conventional the ATHAS database [30]. For all three blend compositions
DSC and MTDSC, the discussion is extended to the evolu- shown in Fig. 5, the extrapolated heat capacity evolution
tion of the global phase separation process as detected bynaples to distinguish two temperature domains.
MTDSC. For this purpose the ‘apparent’ heat capacity  Firstly, at temperatures beyond the cloud point tempera-
signal beyond the onset of phase separation is considered.tyre, an ‘excess’ heat capacity contribution is observed due
to the enthalpic effects associated with the demixing
3.2.1. Non-isothermal demixing process. The enthalpy content of this excess contribution
Fig. 5 shows that the composition of the PEO/PES blend (shaded area in Fig. 5) is at least 1 dor the 50/50
has a marked effect, not only on the onset temperature of PEO/PES blend, comparable with values obtained with
phase separation, but also on the apparent heat capacitgonventional DSC at FC min™* (AHgemix < 2J g 1. It
evolution afterwards. The observed heat capacity changesndicates tha\Hqenmix is for the larger part retrieved in the
are small (much less than 0.1 J'< ~* for most composi- apparent heat capacity (or ‘reversing’ heat flow signal). The
tions) in comparison to the heat capacity change in the glass'non-reversing’ heat flow (with noise and baseline curva-
transition region of the homogeneous blends (see heat capature) and the (corrected) heat flow phase of the same
city change atTy around 76C for the 20/80 PEO/PES MTDSC experiment are very small in magnitude. So, the
system). Despite these small changes in heat capacity, thénformation of the MTDSCotal heat flow signal (coincid-
reproducibility of the onset temperature of the sudden heating with the conventional DSC thermogram at the same
capacity increase and of the further evolution of the appar- average heating rate [8]) is almost entirely retrieved in the



G. Dreezen et al. / Polymer 42 (2001) 1449-1459 1455

9.0 | Tg

miscible -Tg PES-rich phase

g PES-rich phase

85 |
8.0 |
75
70 |-

“r [—e—10Hz
e K

6.0 |-

Log E' (MPa)

1 " 1 I 1 1 1 " ] A 1 "
50 75 100 125 150 175 200

Temperature (°C)

Fig. 6. Storage modulug’ (DMTA) of a 20/80 PEO/PES blend at 1 and 10 Hz during heating@train ™.

MTDSC reversing heat flow signal. The partition between demixing is still uncertain [31]. However, these effects
reversing and non-reversing contributions depends on theshould be considered for a proper description of the evolu-
properties of the polymer blend system and on the modula-tion of the thermodynamic heat capacity (‘reference’ or
tion conditions. As an example, the non-reversing heat flow ‘baseline’ heat capacity) of the blend system. The tempera-
for the 50/50 PEO/Aramid system is ca. 30% of the total ture dependency of this baseline heat capacity, in relation to
heat flow. excess contributions, vitrification and devitrification, is
Secondly, at even higher temperatures (beyond ca.important for a correct calculation @fHgemiy.
125°C), a lower value of the heat capacity is noticed. This  The interpretation of Fig. 5 illustrates that the theoretical
decrease in heat capacity is caused by a dominating effect ofheat flow curve of a conventional DSC thermogram, as
(partial) vitrification. During the liquid—liquid phase separa- predicted in Ref. [2], should be treated with caution if
tion process, a PEO-rich and a PES-rich phase are created. lapplied to polymer blends. Other aspects like time-depen-
the amount of highF, component (PES) in the PES-rich dent behavior with diffusion restrictions and vitrification
phase becomes sufficiently high, (partial) vitrification of can play an important role in the phase separation process.
this phase might occur, resulting in a decrease of the ther-
modynamic heat capacity [16]. In addition, blends with 3.2.2. Isothermal demixing
higher amounts of PES (50/50 and 20/80) clearly show a Two different processes can be associated with the devel-
devitrification effect (increase in heat capacity) at the high- opment of a phase-separated morphology: a ‘thermodyna-
est temperatures, subsequent to the vitrification effect atmically driven’ structure formation, and a kinetically
intermediate temperatures (see arrows in Fig. 5). controlled compositional evolution of the co-existing phases
The findings of vitrification and devitrification of the [32]. The first process corresponds to the cloud point
PES-rich phase, as detected in real-time by MTDSC, are measured non-isothermally in Fig. 5, while the second
clearly supported by a DMTA experiment of the 20/80 process is important for the excess heat capacity contribu-
PEO/PES blend, as shown in Fig. 6. The storage modulustion and eventual partial (de)vitrification of a PES-rich
E’ decreases around 1@ the glass transition region of the  phase at higher temperatures.
miscible blend. Immediately after phase separation at To gain insight into the time dependency or the kinetics
120°C, E increases due to the vitrification of the PES-rich of the demixing process, isothermal demixing experiments
phase; from 19T this phase devitrifies and the storage are of interest. Controlled heating to the isothermal tempera-
modulus decreases again (compare with Fig. 5). ture is preferred in this study: (i) to check the reproducibility
It should be mentioned that the contribution to the ther- of the heat capacity evolution of the non-isothermal path up
modynamic heat capacity of (i) the interactions between the to the isothermal temperature; and (ii) to enable the compar-
different components in the homogeneous blend and (ii) the ison of isothermal and non-isothermal demixing curves. Fig.
large interfacial area of a two-phase system created upon7 shows the evolution of the apparent heat capacity for two
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Fig. 7. Apparent heat capacity of a 75/25 PEO/PES blend at an underlying heatifg=dtC min~* and modulation of IC/60 s; the subsequent decrease in
apparent heat capacity during quasi-isothermal demixing &iCL(8row from A to B) or 138C (arrow from C to D) is shown too (see also Fig. 8).

combined paths of controlled heating &1min~* followed isothermal demixing steps at 103 and 43&re shown as
by isothermal demixing at 103 or 138 (isothermal paths  a function of demixing time in Fig. 8.

indicated by vertical arrows from Ato Band Cto D, respec-  Demixing at 103C results in a decrease of the apparent
tively). These temperatures were chosen to study isothermalheat capacity, which can be attributed to a time-
demixing without and with interference of vitrification, dependent evolution of the composition of the co-exist-
respectively. The apparent heat capacity of the (quasi-)ing phases. The limiting value at the end of the process

A

x
‘o
2t demixing at 103°C
g .
s 0.04 Jg'K
c e¢C
2
[£]
©
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3
it demixing at 138°C|
3
L
T |
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0 1000 2000 3000 4000 5000 6000

Demixing Time (min)

Fig. 8. Quasi-isothermal apparent heat capacity as a function of time of demixing at 103 468do13875/25 PEO/PES blend; modulation 6€160 s.
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demixed at 103°C for 1600 min
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for 30, 300, 600 and 6000 min 0.04 Jg K

apparent heat capacity (Jg'1K'1)
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Fig. 9. Quasi-isothermal apparent heat capacity as a function of time of remixingCab68 75/25 PEO/PES blend after: (i) demixing at X08r 1600 min;
and (ii) demixing at 13% for 30, 300, 600 and 6000 min; modulation 6160 s.

(point B in Fig. 7 and Fig. 8) is in agreement with the system tends to the final equilibrium compositions of the

predicted thermdynamic value for the blend at 103, co-existing phases.

according to a simple additivity rule applied on literature

values for the heat capacities of PEO and PES (compare3.3. Kinetics of demixing and remixing

with dashed line in Fig. 7 [30]). For the PEO/PES system,

no obvious deviation baseline heat capacity seems to occur The kinetics of demixing and remixing and the interrela-

during phase separation, so that specific interactions presentions of these processes was investigated by the following

in homogeneous conditions (e.g. a6 or developed at temperature/time cycle: (i) heating of the miscible 75/25

the interface in heterogeneous conditions (e.g. atapare ~ PEO/PES blend from 68 (a temperature below the cloud

probably not important or at least seem to cancel each other.Point curve but above the melting temperature of PEO,

Note that demixing after an immediate temperature jump to within the miscible temperature/composition region of the

103C shows almost the same behavior as the controlled- Phase diagram, see Fig. 1b) to a temperature above the cloud

rate experiment. This indicates that the initial formation of Point curve (e.g. 103 and 138), and after a certain isother-

the phase-separated structure occurs in a time scale shorteial demixing time, (ii) rapid cooling (temperature jump) of

than the stabilization time of the instrument after an the demixed system again to°€8 and after remixing for a

immediate jump. certain time, (iii) final reheating aC min™* to a tempera-
The decrease of the heat capacity at’C3B even larger ~ ture above the cloud point curve.

and is primarily the result of a time-dependent (partial)

vitrification of the PES-rich phase. This vitrification process 3.3.1. Influence of temperature and time of demixing on

at 138C is in agreement with the observations during non- kinetics of isothermal remixing

isothermal demixing (see Fig. 5). The observed decrease in The experimental conditions of Figs. 7 and 8 were taken

heat capacity by vitrification is obviously more pronounced as starting point for step (i). Appropriate demixing times

in isothermal demixing conditions (compare positions C and were determined according to the quasi-isothermal

D in Fig. 7 and Fig. 8). MTDSC experiments at 103 and I'8of Fig. 8. Isothermal
The kinetics of the demixing process, influenced by diffu- remixing at 68C of these phase-separated 75/25 PEO/PES

sion across the interface or interphase of the co-existing samples (step (ii)) is depicted in Fig. 9.

phases and by vitrification of the high-phase, are impor- For demixing at 103C, no influence of the demixing time

tant for the final properties of the binary blend. During is noticed. Even after demixing for as long as 1600 min, the

heating at 1C min~%, the composition of the co-existing measured heat capacity a’68is immediately at the refer-

phases changes continuously, but the equilibrium composi-ence value of the thermodynamically stable remixed state

tions are never attained at intermediate temperatures. After(indicated by horizontal dashed line in Fig. 9). It proves that

long isothermal demixing times, however, the PEO/PES the remixed state is already attained during the temperature
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Fig. 10. Apparent heat capacity of a 75/25 PEO/PES blend at an underlying heatif=¢at2C min ! and modulation of IC/60 s after: (i) demixing at
103C for 1600 min (see Fig. 8) and remixing shortly at (aj&8and (ii) demixing at 13& for 6000 min (see Fig. 8) and remixing at’&8for (b) 0; (c) 600;
and (d) 3000 min. The apparent heat capacity curve of Fig. 7 is given for comparison (‘fresh’).

jump to 68C. This finding is supported by a light scattering remixing step at 13% occurs immediately or at least within
experiment following the same temperature program, the time scale of the temperature jump to A35without
where, immediately after cooling down to &3 the trans- interference of a decelerating devitrification process.
mitted light intensity of the homogeneous sample was

observed. Vitrification is avoided during demixing at 3.3.2. Influence of time of remixing on non-isothermal
103C and even after cooling to 88, since the glass transi-  demixing

tion of the PES-rich phase is sufficiently low in these condi-  Results for non-isothermal demixing after remixing at
tions (see predicted glass transition curve of Fig. 1 and also68°C (step (iii) of the demixing/remixing temperature
results of Fig. 10). cycle) are shown in Fig. 10. These are an immediate conse-

During demixing at 138, however, a (partial) vitrifica-  quence of the results of Fig. 9.
tion of the PES-rich phase is interfering. This vitrification It shows that, after demixing at 183 for 1600 min (see
effect is further intensified by lowering the temperature. Fig. 8), remixing shortly at 6& (see Fig. 9) is sufficient to
After phase separation at 1€ and the temperature jump obtain a material with the same non-isothermal phase
to 68C, a gradual increase of the apparent heat capacity isseparation behavior as a freshly prepared 75/25 PEO/PES
observed during remixing at 88 due to the devitrification ~ sample. Not only the cloud point temperature of the remixed
of the frozen out PES-rich phase. Only after a long remixing blend, but also the evolution beyond this stage is identical
time (see time scale of Fig. 9), the thermodynamically stable (Fig. 10, compare curve a with ‘fresh’).
remixed state is approached. In contrast with the system A sample demixed at 138 for 6000 min (see Fig. 8), on
demixed at 103, the time of demixing at 13& is impor- the contrary, shows no remixing after a short time €358
tant. Longer demixing times at 138 result in a slower  (see Fig. 9). Therefore, if the sample is heated again, no
remixing at 68C caused by a more diffusion-restricted devi- cloud point temperature is detected and the sample is gradu-
trification process. ally devitrifying with increasing temperature (Fig. 10, curve

The results of Fig. 9 are in agreement with the phase b). After remixing 600 min at 6&, the non-isothermal
diagram and the predicted glass transition curve for the phase separation of a partially remixed blend is seen (Fig.
PEO/PES blend (see Fig. 1b). An interesting comparison 10, curve c). A remixing time of at least 3000 min af68s
can be made with the PEO/Aramide system (Fig. 1a). In necessary to attain approximately the same non-isothermal
the latter system, vitrification is not expected to occur phase separation behavior of the fresh sample (Fig. 10,
during demixing, due to the higher LCST curve with respect compare curve d with ‘fresh’).
to the glass transition curve. This prediction was confirmed  From the combined information of Figs. 7-10, it is
by demixing a 50/50 PEO/Aramide blend at 185 the obvious that the kinetics of demixing/remixing of the
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