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ABSTRACT: The phase equilibrium and phase transition for miscible polymer blends of 
poly(vinylidene fluoride-co-hexafluoro acetone) [p(VDF-HFA)]/poly(ethylene-co-vinyl acetate) 
(EVAc) were investigated using DSC, dynamic mechanical loss measurements, and thermo
photometry. It was found that blends ofp(VDF-HFA) and EVAc with vinyl acetate (VAc) con
tent more than 86.0 wt% are miscible, but p(VDF-HFA)/EVAc with less than 45.4 wt% of VAc 
are immiscible. It was also found that a blend ofp(VDF-HFA)/EVAc (VAc: 70wt%) (EVAc 70) 
has a LCST type phase diagram, and shows markedly rapid phase transition with temperature 
dropping. 
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A considerable number of reports are avail
able on miscible polymer blends. 1 In partic
ular, the phase diagram of polymer blends is 
of interest in the fields of materials science, for 
it makes the thermodynamical approach to 
polymer blends possible. 

If there are attractive intermolecular in
teractions between polar groups in polymer 
blends, the system can exhibit a LCST (lower 
critical solution temperature) type phase dia
gram. As reported previously, a polar polymer 
blend, poly(vinyl nitrate)(PVN)/poly(methyl 
acrylate)(PMA)2 showed a LCST phase dia
gram. In addition, comparatively rapid phase 
transition behavior from the initial two phases 
to one phase (phase transition time ( r1,): about 
ten minutes) was observed. 

EV Ac blends in which specific interactions 
between the polar groups are expected. 
Recently, Miyata and coworkers reported a 
LCST type phase diagram of p(VDF-HFA)/ 
poly(methyl methacrylate)(PMMA) blends.3 

Furthermore, a remarkable rapid phase tran
sition from two phases to one phase are de
tected in this system. These results support our 
consideration about the effects of hexafluoro 
acetone (HFA) unit on the mobility of poly
mer chain in the blends. 

In this paper we report the phase equilib
rium and phase transition of p(VDF-HFA)/ 

EXPERIMENT AL 

A random copolymer p(VDF-HFA) (HFA: 
8.9mol%) was supplied by Central Glass 
Co., Ltd. The number- and weight-average 
molecular weights determined by GPC (Toyo 
Soda, HLC802UR, colum; GMIXH6, solvent; 
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tetrahydrofuran (THF))were Mn= 10.6 x 104, 
and Mw=22.6 x 104 , respectively. The degrees 
of polymerization of EVAc and poly(vinyl 
acetate) (PVAc), which were supplied by 
Nippon Goseikagaku Co., Ltd. and Wako 
Junyaku Co., Ltd., respectively, are shown in 
Table I. The vinyl acetate (VAc) content of 
EV Ac used in this work was in the range of 
92.9 to 45.4 wt%. The chemical structure for 
each component is shown in Figure 1. 

The as-received polymers were purified by 
repeating reprecipitation twice from THF so
lution. Polymer blends were prepared by cast
ing ca. 5 wt% solution, which were prepared 
by dissolving the requisite amounts of two 
polymers in THF at room temperature. The 
as-cast films were dried in vacuo at 50°C for 
a week. 

The temperature dependence of dynamic 
mechanical loss was estimated from the log
arithmic decrement measured with a hand
made torsion pendulum apparatus.4 The blend 
samples of about 20 mg were rapidly hot 
pressed at 140°C on the paper braids ( 4 mm x 
55 mm), and heated at a heating rate of about 
1 °C min - 1 . The dynamic mechanical loss of 
the paper braids was not observed in all range 
of measuring temperature. 

The DSC (Du Pont 990) was used for 
determining the T8 of samples at heating rates 
of 5, 10, 20, 50, and 100°C min - 1• 

The phase diagram for p(VDF-HFA)/ 
EV Ac70 blend was determined by the temper
ature dependence of percent transmittance 
of blend films in the thermo-optical meth
. od. At the same time, a theoretical curve was 
calculated from Flory-Huggins-Scott's lat
tice model. 5 •6 

RESULTS AND DISCUSSION 

The experimental results of dynamic 
mechanical loss behavior of the blends are 
shown in Figures 2 to 4. The p(VDF-HFA)/ 
EV Ac92.9 (VAc: 92.9 wt%) blends showed 
single loss peaks independent of blend com-
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Table I. Degree of polymerizations of used samples 

Samples 

p(VDF-HFA) 
PVAc 
EVAc 92.9 
EVAc 86.0 
EVAc 70.0 
EVAc 56.l 
EVAc 45.4 

Mw=225800 
DP= 1600 
DP=2000 
DP=3000 
DP=5350 
DP= 1950 
DP=2000 

Company Ltd. 

Central Glass 
Wako Jyunyaku 
Nippon Goseikagaku 
Nippon Goseikagaku 
Nippon Goseikagaku 
Nippon Goseikagaku 
Nippon Goseikagaku 

Compo,ent1 

+t¢~¾ 
HF CF3 

R:xy(vinylidene fluoride-m-hexafluoro acetone) 

P(VDF-HFA) Mn=106000 

Mw=226CXX) 

Component2 

+CH2CHrlf(H2~Ht 
O\;-CH3 

0 

Poly(ethylene-co-vinylacetate) EVAc 

Figure 1. Chemical structures of blend components. 
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Figure 2. Dynamic mechanical loss of the p(VDF
HFA)/EV Ac92.9 blends and overlapping sample with 
each homopolymer. 
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Figure 3. Dynamic mechanical loss of the p(VDF
HF A)/EV Ac45.4 blends and overlapping sample with 
each homopolymer. 

positions (p(VDF-HFA)/EVAc92.9=7/3, 5/5, 
3/7) at temperatures between the peaks of two 
component homopolymers. On the contrary, 
the overlapping samples in which the two 
homopolymers were hot pressed individually 
on the front and back side of the paper braids 
exhibited double peaks, as expected for the 
case of no-mixing. Thus the result in Figure 2 
are considered to show that these blends are 
miscible. On the other hand, the blend with 
45.4 wt% V Ac in EV Ac ·represented double 
peaks corresponding to each peak of com
ponent polymers as shown in Figure 3. This 
blend system is considered immiscible, based 
on these results. In the case of Figure 4, 
however, it was difficult to evaluate the mis
cibility of blends because of their Tgs very 
close to each other. All results of blends with 
EV Ac having various V Ac contents are shown 
in Table II. In the case of EV Ac with high V Ac 
content (86.0, 92.9, l00wt%), the blends 
should be miscible in whole blend ratio at the 
temperature in the experiments, while the 
phase separation was observed at less than 
45.4 wt% of V Ac content. From these results, 
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Figure 4. Dynamic mechanical loss of the p(VDF
HF A)/EV Ac70 blends and overlapping sample with 
each homopolymer. 

Table II. Predicted miscibility from TBA measurements 

Component I 

p(VDF-HFA) 

Component 2 

PVAc 
EVAc 92.9 
EVAc 86.0 
EVAc 70.0 
EVAc 56.1 
EVAc 45.4 

Possible blend state 

Completely miscible 
Completely miscible 
Completely miscible 
Semi-miscible 
Semi-miscible 
Immiscible 

we consider that the specific intermolecular 
interactions between the polar groups (acetyl 
and fluoride groups) contribute predominantly 
to compatibility in the blend system. 

Although miscibility could not be evaluated 
for the p(VDF-HF A)/EV Ac70 blend by dy
namic mechnical loss measurements, this sys
tem was predicted as a semi-miscible system 
because these blend films changed from trans
parent to opaque by temperature jumping. The 
temperature dependence of percent transmit
tance by thermo-photometry at a heating rate 
of about 1 °C min -i is shown in Figure 5. The 
phase diagram determined by cloud points 
provides a LCST type as shown in Figure 6. At 
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Figure 5. Thermo-photometry for p(VDF-HFA)/ 
EVAc70 blends (5/5). 
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Figure 6. Phase diagram of p(VDF-HFA)/EVAc70 
blends. Experimental(-); calculation(------). 

the same time, the calculation curve from 
phase equilibrium, given by Newton's method, 1 

is also plotted. The x parameter used for the 
calculation can be generally written as follows. 

x12 =A+B/RT (I) 

where suffixes 1, 2 show p(VDF-HFA) and 
EV Ac 70, respectively. The parameters used 
are DP1 (degree of polymerization)=3070, 
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Figure 7. The rapid phase transition for the p(VDF
HFA)/EVAc70 blends (7/3, 5/5, 3/7) after rapidly cool
ing from 200°c to 25°C. 

DP2 =5350, d1 (density)=l.69gcm- 3 , d2 = 
1.13 gcm- 3 , A =4.5 x 10- 3 , Tew= -B/AR= 
390 K, where Tcoo is the critical temperature of 
the blend having the infinite degree of polym
erization of both components, and R is gas 
constant. In eq. 1, the first term A is entropic 
term and positive as usual. It is therefore 
unfavorable for miscibility. The second term 
B/ RT is an enthalpic term. When Bis negative, 
the second term contributes mainly to mis
cibility at low temperature. This consideration 
is consistent with the experimental results in 
which transparent films were found at all 
compositions at 25°C and - 20°C. The de
viation between experimental and theoretical 
curves may be due to the disregard of mole
cular weight distribution in the latter. 

Furthermore, this p(VDF-HFA)/EVAc70 
blend displayed a markedly rapid phase tran
sition from two phases to one phase by 
quenching in the LCST phase diagram. Figure 
7 shows the time dependence of the transmitt
ed light intensity. By quenching from 200°C 
to 25°C, the blend films changed from cloudy 
to clear for about 15 s as shown in figure. No 
fixation of the phase separation by quenching 
was indicated in this blend. It was found that 
the phase transition is extremely rapid for this 
system even if one compares with that of the 
PVN/PMA system.2•11 In most of the phase 
diagram systems, the reversible phase tran
sition behavior is not exhibited by quenching 
from high temperature to r.t. because of the 
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lack of mobility in polymer chains at r.t. This 
phenomenon is due to the fact that the seg
mental motion of polymer chains is not frozen 
at 25°C, because the Tg of blend exists below 
r.t. 

Recently, Miyata and coworkers3 reported 
that the p(VDF-HFA)/PMMA blend shows a 
very fast phase transition, whereas PVDF/ 
PMMA7 and PVDF/EVAc blends8 do not 
show such reversible and rapid behavior. 
Consequently we consider that hexafluoro ace
tone (HF A) unit should promote confor
mational change of polymer chains for re
ptation motion in the blend. 

In addition, the p(VDF-HFA)/EVAc70 as 
well as p(VDF-HFA)/PMMA system showed 
the partial formation of "blue film" at the 
intermediate state from two phases to one 
phase. This is attributed to Rayleigh scattering 
at "sea-island" phase separation surfaces. 

In order to obtain indication of the chain 
mobility in polymer blends, the apparent acti
vation energies(£.) of glass transition process 
for blends were obtained by DSC method. 
Barton et al. 9 used the following equation to 
get the apparent activation energies of segmen
tal motion for homopolymers. 

ln(v/T/) = C- E./ RTg (2) 

where C is constant for polymer used, Tg (K) is 
the glass transition temperature at all linear 
heating rates v. The slopes of In( v/ Tg 2) versus 1 / 

(lJ 

0 

.d 50°C/min _g 
.g I 5mV 

C 20°C/min w 

l lO"C/min 

--60 -40 -10 0 20 40 60 0 

Temperature (°C) 

Figure 8. DSC curves of the p(VDF-HFA)/EVAc92.9 
blend (5/5) at various heating rates. 
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E0 =32.1 kcal/rrol 

-9 

Figure 9. The plot ofln(v/T.2) vs. 1/T• for the p(VDF
HFA)/EVAc92.9 blend (5/5). T.; glass transition tem
perature (K). 

T8 plots provide £ 0 , which reflects the mo- 0 

bility of polymer chains at Tg. This equation 
can be applied to miscible polymer blends. 
Figure 8 shows the heating rate dependence of 

EVAc 

Tg in the blends. Substituting these data into 
eq 2, E. was obtained from the slope of 
straight line as seen in Figure 9. The values of 
E. obtained seemed reasonable for the segmen
tal motions of vinyl polymers. For examples, 
values of 40 to 80 kcal mol - 1 were obtained for 
PVN/poly(vinyl acetate) (PVAc) system10 by 
dielectric relaxation, and also of 13 to 
59 kcal mo 1- 1 for PVN /PMA system 11.1 2 by 
dynamic mechanical loss measurements. The 

Polymer J., Vol. 20, No. 6, 1988 

c:: 
-~3 
0 
> 

u 
<l: 

20 

/4. 
.,,,,,.,.,,.,.,,,. 

_,,,/' Blends 

P[VF2·HFA] / (515) 
"' ---- ,/ --------------------- --- '\ -----· / -----------------. 

. I \_/ 
'-;4;';,<0,----,...,.._.-...,..,. ___ ~,_--..t,,,----,,,.,,_..-"'"*"' 

VAc contents of EVk (wt°lo) 

Figure 10. Activation energies of segmental motions 
for each component and p(VDF-HFA)/EVAc (5/5) 
against V Ac content. 
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values of Ea at various V Ac content are shown 
in Figure IO for the blend ratio 5/5. As can be 
seen, p(VDF-HFA)/EVAc (VAc: 86.0, 92.9, 
I 00 wt%) has a intermediate value of Ea be
tween those of component polymers. It is 
noteworthy that the Ea values of blends with 
EV Ac (VAc: 68.0, 70.0 wt%) are lower than 
those of component polymers. In the case of 
the p(VDF-HFA)/EVAc (VAc: 56.l wt%) 
blend with a LCST, no reversible phase tran
sition was recognized even by the same 
quenching. This may be due to higher Ea of the 
latter blend (Figure 10). 

Thus the mobility of polymer main chains in 
the miscible blends seems to play a very impor
tant role in the reversible and fast phase 
transition behavior. 

CONCLUSIONS 

It was found that the p(VDF-HFA)/ 
EV Ac70 blend exhibited a LCST phase dia
gram. The phase transition in this system oc
curred very rapidly (completed within about 
15 s) on quenching the blends from 200°C to 
25°C. The formation of a "blue film" was 
also recognized for these blends at the inter
mediate stage of the phase transition. 

This blend showed a lower apparent acti
vation energy for segmental motions than that 
for the each component homopolymer. 

The miscibility of p(VDF-HFA)/EVAc sys-
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tern could be controlled by the V Ac content of 
EVAc. 
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