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Abstract 

Conformational formation and crystallization dynamics of miscible PVDF/at-PMMA and 
PVDF/iso-PMMA polymer blends from the molten state were studied by the simultaneous 
DSC/FT-IR measurement. Formation of TGTG' conformation occurred before starting crystal- 
lization exothermic peak in the PMMA content (~PMMA) range from 0 to 0.4 for both blends. The 
formation rate of TGTG' conformation, crystal growth rate and surface free energy of PVDF 
crystal in blends depended linearly on ~PMraA for PVDF/at-PMMA, however, those rates for 
PVDF/iso-PMMA slightly influenced by ~rMM^. These results suggested that the former was mis- 
cible blend in molecular level, however, the latter was a miscible blend with large concentration 
fluctuation or a partially segregated system. 

Keywords: conformation, crystallization dynamics, miscibility, PVDF/PMMA blends, simulta- 
neous measurement 

Introduction 

Miscibility state of polymer blends can be determined by various methods, such 
as thermal analysis, microscopic, spectroscopic (IR, NMR, etc.) and scattering 
methods. Concerning with thermal analysis, the estimation of polymer-polymer in- 
teraction parameter from the melting temperature depression [1] and/or the rela- 
tionship between glass transition temperature and composition [2] are conventional 
methods to evaluate miscibility of polymer blends. However, some difficulty of the 
melting temperature depression method was pointed out [3]. 

We have proposed a new method to estimate the miscibility state of polymer 
blends including crystalline component from the view point of crystallization be- 
havior for blends of poly(vinylidene fluoride) and poly(methyl methacrylate) 
(PVDF/PMMA) [4]. The miscibility of PVDF with PMMA depends on tacticity of 
PMMA. The growth rate (G) and the surface energy (~) of PVDF crystal in 
PVDF/PMMA blend depend strongly on PMMA weight fraction (ah'MMA) for the 
miscible PVDF/atactic-PMMA system, however, G and ~ are almost the same irre- 
spective of clh, MMA for PVDF/isotactic-PMMA system [4]. 

PVDF, which shows polymorphism, forms o~-form and ferroelectric [~-form 
crystals by crystallization from the molten state and from the glassy state, respec- 
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tively. Although the stable form is dependent on chain defect level [5], s-form, 
composed of anti-parallel packing of TGTG' chains, is more stable than [3-form 
composed of parallel packing of TT chains [6]. It is expected that the formation rate 
of TGTG' conformation during crystallization gives the information of mixed state 
in molecular level, because the conformational change of molecules should be in- 
fluenced by the circumstance around molecules. In this study, the structure forma- 
tion process of PVDF/PMMA blends from the molten state was analyzed from the 
viewpoint of conformational formation and crystallization dynamics observed by 
the simultaneous DSC/FT-IR measurement. 

Experimental 

PVDF (Mn=2,6• 6) supplied by Kureha Chemical Co. Ltd., atactic PMMA 
(at-PMMA, Mn= 1.5• 105) supplied by Mitsubishi Resin Co Ltd. and the ionic po- 
lymerized isotactic PMMA (iso-PMMA, Mn = 1.6• 105) were used to prepare blend 
samples which were obtained by solvent casting method from these N,N'-dimcthyl- 
acetamide solution at 333 K. The blend composition (~PMMA) was indicated by the 
weight fraction of PMMA. The obtained blend films were further dried under vac- 
uum at room temperature for 3 days. 

The simultaneous DSC/FT-IR measurement was carried out by setting the si- 
multaneous DSC/X-ray scattering measurement instrument [7] on Nicolct FT-IR 
800. The detailed of the simultaneous measurement instrument and application of 
the simultaneous DSC/X-ray scattering measurement for melting behavior of poly- 
mcrs were already reported [7, 8]. Cooling rate was controlled by flowing liquid ni- 
trogen through the cold path in the heat sink of DSC. Blend sample film with c.a. 
3 mg was sandwiched with two KBr disks (0.1 mm in thickness and 6.5 nun in di- 
ameter) and was cramped in an aluminum sample vessel. Blend samples were 
heated to 10 K above these melting temperature (Tin) at 10 K min -1 and maintained 
at these temperatures for 5 rain, then quenched to predetermined crystallization 
temperature (Tc) at 40 K min -1. The heat of crystallization and FT-IR spectra at Tc 
were measured until the crystallization was completed. Accumulation and saving of 
one FT-IR spectra with 4 cm -1 accuracy required 55 s. 

Results and discussion 

Melting temperature depression by (I)PMMA for PVDF/at-PMMA and PVDF/iso- 
PMMA systems were almost the same. The cloud-point vs. OI,MMA curve with the 
lower critical solution temperature (LCST) was closed to Tra vs .  OPMMACUrVe in the 
phase diagram of PVDF/iso-PMMA, however, the cloud-point curve of PVDF/at- 
PMMA was expected to exist at the temperature range above these thermal decom- 
position temperature [4]. As the phase separation temperature of PVDF/at-PMMA 
blend was sufficiently higher than Tm of blend, isothermal crystallization of PVDF 
occurred in the homogeneous mixed phase. In PVDF/iso-PMMA blend, tempera- 
ture difference between the cloud-point and Tm was about 50 K and l0 K at 0.1 and 
0.3 of OPMMA, respectively. Crystallization occurred in the phase separated blend 
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or in the blend with concentration fluctuation for PVDF/iso-PMMA with (~)PMMA 

above 0.3, because the pre-set temperature in the molten state was above the cloud- 
point temperature. From X-ray diffraction study, o~-form PVDF was obtained by 
isothermal crystallization from the melt in the OpraMA range from 0 to 0.4 for both 
blend. 

Changes of TGTG' conformation (XT6-m) and crystallinity (Xc) were evaluated 
from the changes of IR absorbance at 763 cm -1, which was assigned as TGTG' con- 
formation of PVDE and crystallization exothermic peak during isothermal crystal- 
lization as follows, siace X-ray diffraction indicated no formation of the ~, form 
which shares the 761 cm q band with the (x form. 

XTGTG, = (A t - A t o ) / ( A t .  - Ato ) (1) 

x c  = 

t 

too ! dt 
(2) 

Here, A t, Ato and Ato o indicate absorbance at 763 cm -1 and AHt/dt is DSC exother- 
mic curve at corresponded time after isothermal condition was established. 

Changes of XTG'm and X c were shown in Fig. 1 for PVDF/at-PMMA with 
~PMMA= 0.2 at 430 K. Generally X c is corresponded to crystal growth process. For 
all crystallization condition, TGTG' conformation was formed before DSC exother- 
mic peak was observed. When polymer chain crystallized from random conforma- 
tion, regular conformation was first formed and then molecules having regular con- 
formation were aligned in crystal lattice. Similar experimental results were reported 
in the case of crystallization of high-density polyethylene by individual FT-IR and 
SAXS measurements [9] and by simultaneous DSC/FT-IR measurement [10]. 
Three characteristic times, TGTG' conformation growth time, crystal growth time 
and crystal nucleation time, were evaluated by the half-times of Xz-67~ and Xc, and 
the start time of crystallization exothermic peak from Fig.l. The reciprocaI of these 
characteristic times gave the growth rate of TGTG' conformation (Gc), the crystal 
growth rate (G) and the nucleation rate (N), respectively. 

G c and G showed good correlation with AT(= Tm-Tc) for PVDF and all blend 
samples. The relationship between G c (or G) and AT for PVDF/at-PMMA de- 
pended strongly on q~PMMA, although the relationship between Gc (or G) and AT 
was almost the same in the ~'MMA range from 0 to 0.2 for PVDF/iso-PMMA. 
From the relationship between Gc (or G) and AT, the ATvalue at which sample ob- 
tained Gc (or G)=0.2 min -1 was estimated (AT c and ATe). In other word, the AT c 
(or AT6) value indicated the potential energy required to approach the constant G c 
(or G). The ATc (or ATe) value thus obtained were shown as a function of ~PMMA 
in Fig.2 (a). For both Gc and G of PVDF/at-PMMA, ATc (or ATe) increase with 
the increase of q~I'uug, however, ATc (or ATe) was almost the constant irrespective 
of ~PMMA for PVDF/iso-PMMA. 
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Fig. 1 Growth of TGTG' conformation and crystal evaluated from changes of absorbance at 
763 cm -1 and DSC exothermic peak during isothermal crystallization of PVDF/at- 
PMMA with ~praMA =0.2 at 430 K 
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Fig. 2 (I~PMMA, dependency of G and G c (a) and of cr (b) for PVDF/at-PMMA and 
PVDF/iso-PMMA; G (o) and G c (e) for PVDF/at-PMMA, G (13) and G c (111) for 
PVDF/iso-PMMA, cr of PVDF/at-PMMA (o) and ~ of PVDF/iso-PMMA (e) 

In a miscible blend, the crystallization of PVDF was restricted by mixing of 
PMMA, because the diffusion process of PVDF to crystal surface was obstructed 
due to the attractive interaction with PMMA. The conformation growth process 
was also restricted by the attractive interaction with PMMA. Thus, G and Gc de- 
pended strongly on tl)pMM A for PVDF/at-PMMA. As the cloud-point was closed to 
melting temperature in the PVDF/iso-PMMA system, the concentration fluctuation 
occurred before crystallization. In these blends with concentration fluctuation, the 
crystallization occurring in the PVDF-rich phase scarcely influenced by the weak 
interaction of PMMA. 

According to the Turnbull-Fisher equation [11], the surface energy (cr) of crystal 
was given by nucleation rate (N) as follows: 

logN = N ~ - S T m 2 / T c A T  2 (3) 

where 
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S = 2 o / R A H m  2 (for cr > > ae) (4) 

The S value obtained from the linear relationship between log N and T 2 / T c A T  2 was 
shown in Fig.2 (b) as a function of ~PMMA. The S value of PVDF/at-PMMA in- 
creased with the increase of OPMMA, however PVDF/iso-PMMA showed the con- 
stant S value irrespective of tlh'MMA. The cr value of the PVDF crystals in the blends 
depended on the concentration of PMMA in the amorphous region around crystal- 
lites. In a miscible blend, this PMMA concentration was thought to be equal to 
~PMMA; therefore a depended on OPMMA for PVDF/at-PMMA. In an immiscible 
blend or the blend with concentration fluctuation, as crystallization occurred in the 
PVDF-rich phase, the PVDF crystal was surrounded by amorphous PVDF; there- 
fore a was independent of ~PMMA. 

Conclusion 

We have proposed new method to estimate the mixing state of polymer blend in- 
cluding crystalline polymer analyzing crystallization dynamics and conformational 
formation. In PVDF/PMMA blends, TGTG' conformation proceeded the crystal 
growth during isothermal crystallization from the molten state. The (I)PMMA depen- 
dency of G, Gc and a suggested the different mixing state between PVDF/at- 
PMMA and PVDF/iso-PMMA blends. 
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