Theories and Applications of Chem. Eng, 1996, Vol. 2 No. 1 1081

FAAEAES o]4% PMMA/PVAc EA =9 Aao|9}
e dd Y

4 e 7 29 A AQ, HE E
soljstm BetEstn MolnAA slepn

Analysis the Phase Transition and Separation phenomena of
PMMA and PVAc Blends by Q.C.A.

Sang-Mok Chang, Jong-Min Kim, Jae-Huen Jeoung, Hiroshi Muramatsu*
Dept of Che. Eng. Dong-A Univ.,*Res Lab for Adv tech. Seiko Instruments Inc

Introduction

The quartz crystal analyzer(Q.C.A) has been known as a sensitive mass detecting
device and liquid viscosity monitoring device'”. The equations for the resonant
frequency change and the resonant resistance for the quartz crystai with a coating
film ani the quartz crystal in contact with liquid have been derived from theoretical
models*® .

Phase-transition phenomena of liquid crystals, lipid multibilayer films, and
Langmuir-Blodgett (LB) films have been studied using the quartz crystal and the
surface acoustic wave device. However in the above studies, only the resonant
frequency change was measured, but it is not enough to examine the detail of the
viscoelastic phenomena.

The importance of studying the viscoelastic phenomena on the coating films has
been recommended, especially in the field of the electrochemical analysis to clarify
the causes of the resonant frequency change in viscoelastic films. This can be done
by measuring the resonant resistance (or admittance intensity) of the quartz crystal
with polymer thin films.

In this work, viscoelastic changes on the phase transition and phase separation of
the blends of PMMA and PVAc films were studied with the quartz crystal by the in
situ measurement of the resonant frequency and the resonant resistance.

The purpose of this paper is , present the applicability of the Q.C.A. for analysis
of phase separation and phase transition of PMMA/PVAc blends at its initial state
during the solvent (ethyl acetate) evaporation by in situ measuring the resonant
frequency and the resonant admittance of PMMA/PVAc blends coated AT-cut quartz
crystal and analyzing the viscoelastic characteristics of PMMA/PVAc blend thin
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films.

Experiment

The brief schematic of experimental setup is shown in Figure 1.
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Figure 1. Schematic setup for experiment.

The polymers used in this study were PMMA(Mn= 78,000, Mw= 90,000) and
PVAc(Mn=81,000, Mw=110,000). PMMA and PVAc were purchased from Aldrich
Chem. Co. Both polymers were characterized by gel permeation chromatography
(GPC) and differential scanning calorimeter(DSC) measurements. PMMA/PVAc blend
solutions with various blend ratios were prepared by dissolving 3 wt % of total
polymers in ethyl acetate. The blend samples are designated as A% blend by
weight %. The 30% blend, for instance, denotes that the blend contains 70 wt% of
PMMA and 30 wt% of PVAc.

The resonant frequency ard resonant resistance (as admittance intensity) change
of the quartz crystal in the blend solutions during the evaporation of solvents were
measured at 20 C. Meanwhile, the solid blend films were prepared by casting the
solutions on AT-cut quartz crystal and dried them until to reach constant weight.
Glass transition temperature of films were measured by Perkin-Elmer DSC 7 at a
heating rate of 10 “C/min on the second run. In order to investigate the dynamic
properties of the final solid films, the resonant admittance of the quartz crystal was
measured. The films were heated at a heating rate of 10 C/min, quenched at the
same cooling rate, and heated again at the same heating rate.
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Results and Discussion

The changes of resonant frequency and resonant admittance are different from
one another, but cannot be compared directly with each other because of different
scales. Normalization is necessary for comparison. Therefore, we normalize the
response as A/Ag and F/Fo.

Figure 2 shows the normalized resonant frequency changes and normalized
resonant admittance changes cof blend solutions during evaporation . The normalized
resonant frequency reduces rapidly after 60 seconds both homopolymers and blends,
which means that the mass of the coated film and the viscosity(as admittance
intensity) of the coated film increase first and decrease with time during evaporation
of ethyl acetate.
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Figure 2. Normalized frequency and admittance with ethyl acetate evaporation.

Figure 3 of resonant frequency(a) and resonant admittance(b) of dried film with
temperature swing shows always identical hystersis within the experiment error after
second thermal swing. The transition temperature was taken at the inflection point on
the resonant admittance as a function of temperature on the second heating runs. The
resonant frequency and resonant admittance are measured simultaneously and the
mass change and viscoelastic change of the polymer blend thin films are analyzed.
The PMMA/PVAc blend cast from ethyl acetate exhibited critical changes of
resonant frequency and resonant admittance at during ethyl acetate evaporation and
near the Tg point.
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Figure 3. Resonant frequency and admittance by thermal hysterisis.
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