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Abstract

The miscibility and phase behaviour of poly(hydroxy ether of bisphenol-A) (phenoxy)/poly(methyl methacrylate) (PMMA) blends were

investigated using Raman microscopy. It was shown that while phenoxy/PMMA blends prepared by casting from chloroform at room
temperature are immiscible, the blends prepared at high temperature are miscible. The Raman technique revealed the shift of the PMMA
carbonyl stretching band in the miscible blends and its absence in the immiscible blends. This may be explained by the presence of specific
interactions between the groups in phenoxy and PMMA due to the increased chain mobility during the mixing at high temperature. The
changes of the special features in the Raman spectra were found to be useful in identifying different phase structures and their compositions

in the blends© 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In the past, FTIR has been a common technique for study-
ing polymer blends, particularly concerning their miscibility

Polymer blending is one of the common methods used for and specific interactions. With recent improvements in

improving existing polymers and developing new polymer
materials. Blending may be carried out by either solution
casting or by melt mixing. A lot of work has shown that
phenoxy resin exhibits miscibility with a number of poly-

mers like polyoxides [1], polyester [2], [3], polyether [4],

poly(vinyl pyrrolidone) (PVPr) [5] and poly(methyl metha-

crylate) (PMMA) [6], [7]. Chiou and Paul [6], and Soh [7]

showed that phenoxy/PMMA blends prepared by melt mix-
ing at 260C are miscible over the entire composition range
and exhibit lower critical solution temperature (LCST)
behaviour at around 300. Erro et al. [8] found that the

injection temperature can affect the blend miscibility; blend
miscibility can only be achieved by mixing at well above
18C°C. Goh et al. [9] showed that phenoxy is also miscible
with poly(2,2-dichloroethyl methacrylate) (PDCEMA), but
has an immiscible window with the copolymer DCEMA—
MMA. All the studies mentioned above suggested [1], [2],
[5], [7] that the formation of hydrogen bonds between the

instrumentation, Raman spectroscopy is becoming more
routinely used for polymer analysis. The Raman technique
can be applied to polymers as received or in film, powder,

solution and bulk form so that little or no sample preparation

is needed.

In this paper the effect of preparation methods, and sol-
vent and thermal history on the miscibility of phenoxy with
PMMA is investigated using Raman microscopy. Some pre-
liminary results of this study are presented.

2. Experimental

PMMA with M,, of 100000 was purchased from Poly-
sciences, and poly(hydroxy ether of bisphenol-A) (phenoxy)

Hy OH
1
05 {Oro-orbeorot

hydroxyl groups in the phenoxy and carbonyl, carbonate and
ether groups in the other components in the system is enerWith M,, of 65000 was synthesized and provided by S.
getically favourable to the mixing process and is the driving Zheng. Phenoxy/PMMA blends of various compositions
force for the observed miscibility in the blends. were made via solution casting from chloroform. The blends
of 0, 10, 30, 50, 70, 90, and 100 wt% of PMMA were pre-

* Corresponding author. pared by dissolving in chloroform and mixing for a few days
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and then casting on clean glass slides at room temperaturePMMA and phenoxy can be observed from their Raman
The solvent was evaporated slowly, and then the films were spectra in the 1550—1800 crhregion. PMMA shows a
dried in a vacuum oven at room temperature for 72 h, or at a Raman band at 1730 cth which is attributed to the stretch-
high temperature of 12CQ for 2 h to remove the residual ing mode of the carbonyl groups, while phenoxy shows a
solvent. 1610 cm ! band, which is ascribed to the stretching mode of
The Raman spectra were obtained from a Renishawthe phenyl rings. Only the Raman band at 1730tm
(model 3000) Raman spectrometer coupled with an OLYM- appears in pure PMMA while only the Raman band at
PUS BH2 optical microscope. An exciting wavelength of 1610 cm* appears in pure phenoxy. Mixed phase of phe-
632.8 nm was provided by a 25 mW He—Ne laser source. noxy/PMMA blends shows both Raman bands at 1610 and
The laser power at the sample was kept betetvmW to 1730 cm X, The intensity ratio of Raman bands at 1610 and
avoid degradation problems or peak shifts due to overheat-1730 cm is a function of composition in the blends. One
ing effects. The laser was focused to a8 diameter spot  of the advantages of the Raman technique in studying poly-
on the sample using a 59 objective lens. The spectraland mer blends, particularly phase separation, is its micro-
spatial resolutions were 2 cthand 1um, respectively. The  sampling capability. Thin films of all the blends were
Raman spectra were collected and recorded using a Peltieobserved under an optical microscope in transmission.
cooled charge-coupled device (CCD) detector with an expo- Fig. 2(a) and Fig. 3(a) show the optical micrographs of
sure time of about 30 s. The Raman spectra obtained werethe phenoxy blends containing 10 and 50 wt% PMMA,
analyzed using a Lorentzian function to determine the band both of them showing phase separation with a multi-phase
intensities and positions. structure. Raman spectra of each phase of the different
phase structures allow each phase to be identified and the
differences in polymer composition can also be determined
3. Results and discussion from the intensity ratio of Raman bands at 1610 and

The miscibility of the polymer blends can be determined
by the existence of a single glass transition temperaiye,
as a function of blend composition on the DSC thermograms
as well as optical clarity of the blends [10]. For the phenoxy/
PMMA system being studied, the glass transition tempera-
tures of phenoxy and PMMA are 100 and 1G5
respectively. Taking into account the resolution of the
instrument and the glass transition width, the determination
of a singleTq could not be used for the evaluation of the
blend miscibility in such a system. All the blends prepared
at room temperature are observed to be translucent or

opaque, suggesting phase separation and a heterogeneol ST ik Vi
nature of the blends. : N
Fig. 1 shows Raman spectra for PMMA and phenoxy in 10wt% PMMA

the range 1000—3200 crh Distinctive differences between !
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Fig. 1. Raman spectra of PMMA and phenoxy obtained in the range 1000— PMMA; (b) Raman spectra obtained in the different phases corresponding
3200 cmt, to the optical micrograph.
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1730 cn™. Fig. 2(b) shows the Raman spectra obtained from visual observation of immiscible blends. It is no surprise,
different phases in the phenoxy blend containing 10 wt% since thek value of the Gordon—Taylor equation for such a
PMMA, corresponding to the optical micrograph shown in system was found by Soh [7] to be only 0.3, suggesting a very
Fig. 2(a). No mixed phenoxy/PMMA domains are found. weak specific interaction between phenoxy and PMMA. It has
Fig. 3(b) shows the Raman spectra from the phenoxy blendalso been indicated by FTIR [7] that the interaction between
containing 50 wt% PMMA, corresponding to those phases phenoxy and PMMA is much weaker than the self-associated
shown in Fig. 3(a). No pure PMMA and pure phenoxy phases hydroxyl groups of phenoxy. It is therefore reasonable to sug-
are observed. Three different mixed phenoxy/PMMA domains gest that slight changes in the blend preparation methods or
exist and their compositions can be indicated from the differ- other underlying factors could affect significantly the misci-
ence in the intensity ratio of Raman bands at 1610 and bility. The blend miscibility could also be influenced by the
1730 cm™. It appears that the level of mixing between phe- choice of solvents [11]. Chloroform as casting solvent could
noxy and PMMA improves as the amount of PMMA in the compete for intermolecular interaction with the polymers. The
blends increases although complete miscibility is not achieved. existence of a hydrogen bond structure supplies the possibility
It is known that the Raman band at 1730 ¢nis due to of miscibility; however, other factors such as solvent, molecu-
the carbonyl stretching groups in the PMMA and it is sen- lar weight, and thermal history may also affect the phase
sitive to intermolecular interactions. The shift of this band structure of the blends obtained.
region is an indication of the presence of hydrogen bonding  All the phenoxy/PMMA blends were also prepared at a
between the hydroxyl groups in phenoxy and the carbonyl high temperature of 12C, which is above thd values of
groups in PMMA. By contrast, no obvious shifts were both polymers. They were observed to be transparent, sug-
detected from the Raman spectra in the carbonyl stretchinggesting a macroscopically homogeneous structure in the
region around 1730 cni for all the blends, supporting the  blends. It implies that a greater degree of mixing can be
achieved from the preparation of blends at high temperature.
Fig. 4 shows Raman spectra in the carbonyl stretching

a 4 region for pure PMMA and phenoxy/PMMA blends. It can
g G be seen that there is an apparent shift of the Raman band at
] e i 1730 cm * towards lower frequency as the amount of phenoxy
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Fig. 3. (a) Optical micrograph of phenoxy blend containing 50 wt%

PMMA,; (b) Raman spectra obtained in the different phases corresponding Fig. 4. Raman spectra of phenoxy/PMMA blends with different composi-
to the optical micrograph. tions in the carbonyl stretching region.
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increases. Itis likely that the increased chain mobility at higher Acknowledgements
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