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Abstract

Thermal behaviors of POTMDM-net-PMMA and POTMG/PMMA blends were studied by
DDSC. T, of the polymer network was lowered by increasing the POTMDM in feed for copoly-
merization of POTMDM and MMA. A crystallization peak was observed only when MMA in feed
was less than 30%. T, of POTMG/PMMA was also lowered by decreasing the content of PMMA,
however, the change was observed only when PMMA content was more than 70%. These results
suggest that thermal transitions of the polymer network are restricted by the mesh size. POTM
chains of the polymer network effectively play as a plasticiser,

Keywords; DDSC, glass transition, polymer blend, polymer network, poly(oxylctiametylene)

Introduction

Poly(oxytetramethylene)glycohol (POTMG) and its analogues (POTM) are the
unigue polymers because of its low melting point and crystallization behaviors. Re-
cently, much attention has been paid to the thermal behaviors of pelymer blends and
polymer networks consisting with POTM [1-4]. Poly{oxytetramcthylenc}di-
methacrylate-net-poly(methy! methacrylate) (POTMDM-nei-PMMA) is an interest-
ing system to study the interactions hetween POTM and PMMA chaing in the net-
work structure, We report the thermodynamic behaviors of POTMG/PMMA blend
and POTMDM-#ner PMMA studied by DDSC.

Experimental

Materials

As POTMG, TERATANE 2900R was obtained from Aldrich and used as re-
ceived. PMMA was obtained from Kanto Chemicals. The synthetic procedure of
POTMDM was previously reported [3]. The identification of the product was done
by JASCO 230 FTIR and Bruker DMX-500 NMR. The copolymerization of
POTMDM with MMA was carried out in a flame sealed 12 mm diameter glass tube.
The samples were photo-irradiated for 10 h by 450 W high pressure mercury lamp
(<300 nm). The ratios in feed for POTMDM to MMA were 3:1, 2:1, 1:1, 1:2, and
3:1. Swelling of these polymer networks was measured in acctone, and confirmed
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that the swelling is proportional to MMA in feed [or the preparation. Polymer blends
of POTMG and PMMA were prepared from their chloroform solution.

Method

DDSC curves of beth polymer blends and polymer networks were obtained by
Perkin Elmer DSC 7 in Iso-Scan mode. The temperature control program was as fol-
lows: raising the temperature by a2 Kstepat 75K min~! following isothermal stage
for 20 s. The measurements were carried out in the range from 233 to 413 K. Each
sample was heated up to 413 K and then cooled at 200 K min™ ' to 233 K. Obtained
heat-flow curve was divided into real part (storage C, curve) and imaginary part
(loss C, curves), Original heat-flow curve was converted to a total Cj, curve that cor-
responds to conventional DSC curve.

Results and discussion

On DDSC curves of all POTMG/PMMA blends in Fig. 1, the storage €, curve
showed both an endothermic peak that can be assigned to melting of POTMG crys-
talline and a step change that is glass transition. On the loss €}, curve, a small broad
peak was observed near the step change temperaturc on storage (), curve. DDSC
curves of POTMDM-ret-PMMA in Fig. 2 showed a step change on the storage C,
curves when MMA in feed was more than 30 wt%. When MMA was less than 30%,
both an endothermic peak and a step change were observed on storage €, curve.
Peak temperatures on DDSC curves were plotted vs. the PMMA or MMA in feed in
Fig. 3. The T\, of both blends and netwaork fell down with increasing PMMA concen-
tration. The network polymer showed a lower T;, than polymer blends at the same
PMMA concentration.

Enthalpy change of POTM crystalline melting AH,, in polymer hlends and poly-
mer networks were calculated from total Cp curve. The results were plotted vs.
PMMA concentration in Fig, 4. The network polymer showed smaller AH,, than the
polymer blend at the same PMMA content. The AH, should be proportional to
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Fig. 1 DDSC curves of all POTMG/PMMA blends. a} storge C,, curves; b} loss €, curves

J. Therm. Anal. Cal., 56, 1999



TSUCHIYA et al.: POLYMER NETWORK 1165

=
T

10

. N .

Storage C,, Jg'K'

LossC,, 1g'K?

| . 171 ;
1/2
2k 4 ________,.-1;3 |
i 1 1 1 1 1 1 " Il Iol1 1 1
250 300 350 400 250 300 350 400
T, X T, K

Fig. 2 DDSC curves of all POTMDM-net-PMMAs. a) storage €, curves; b) loss C, curves
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Fig. 3 Pecak temperature on DDSC curves. Peak on storage € curves: POTMG/PMMA (»);
POTMDM-ner-PMMA (m), Peak on loss Cp curves: POTMG/PMMA (0); PTMDM-net-
PMMA (o)
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Fig. 4 Enthalpy change of melting calculated from total Cp curve: POTMG/PMMA (o) and
POTMDM net PMMA (m)
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Fig. 5 Glass transition temperature of POTMG/PMMA (o) and POTMDM-#nei-PMMA (w)

POTM crystalline phascs and its crystallinity in the samples. Since the amount of
crystalline phase or crystallinity of the polymer network is expected to be lower than
the polymer blend, these results suggest that structure of POTMDM-net-PMMA be
more homogeneous than POTMG/PMMA., Since PMMA chains in the polymer net-
work are directly connectled to the POTM chains, conformation and distance of
POTM chains should be more restricted in the polymer network than in the polymer
blend. The small AH , and low T, of polymer networks compare with the polymer
blends can be considered as the products of the network structure.

Glass transition temperature of POTMDM-ner-PMMA and POTMG/PMMA was
obtained from storage C,, curves. The results were plotted vs. their PMMA concen-
tration in Fig. 5. T, of polymer blend is sometimes compared with theoretical equa-
tions. The Fox equation [5] and the Pochan equation {6] have been tested. Pochan
plots are shown in Fig. 5 using T,=187 K for POTMG [I1]. In polymer blends, the T,
data only fitted the theoretical line when PMMA concentration was more than
75 wt%. POTMG and PMMA may be miscible at high PMMA concentration but in-
teraction between these two are weak. The T, of the polymer network did not [it the
theoretical lines, bul lell down by decreasing MMA in feed. The change was almost
linear and the range was obviously wider than POTMG/PMMA., These data were be-
tween polymer blend and theoretical lines. At low PMMA concentration, less than
30 wi%, the T obviously became higher than expected. Since mielting transition also
observed in this PMMA concentration range, decrease of the mesh size of the poly-
mer network may increase the ununiformity of the network structure.

These results suggest that both melting and glass transition are restricted by the
network structure. POTM and PMMA chains in the polymer network interact
through covalent bond each other. POTM in the polymer network effectively plays
as a plasticizer.

References

1 H. Takahashi, M. Shibayama, M. Hashimoto and S. Nomura, Macromalecules, 28 (1995)
5547, and references therein.

2 L. Liu, W. Xu, H. Li, F. Su and E. Zhou, Macromolecules, 30 {(1997) 1363.

3 T. Kojima, M. Sakauchi, K. Yamauchi and Y. Urata, Macromolecules, 3 (1990) 4990.

4 T. Kojima, M. Tsuchiya and K. Tago, J. Thermal Anal., 49 (1997) 149,

5 T. G. Fox, Buil. Am. Phys. Soc., | {1956) 123.

6 J. M. Pochan, C. L. Beatty and D. F. Pochan, Polymer, 20 (1979) 879.

1. Therm. Anal. Cal., 56, 1999



