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Effect of Pressure on the Miscibility of Polymer Blends by High Pressure
Differential Thermal Analysis

Yoji Maeda, Frank E. Karasz, William J. MacKnight

The effect of pressure on miscibility and phase separation in blends of two kinds of
random copolymers consisted of styrene and para-fluorostyrene, P(S-co-p-FS), and ortho-
and para-fluorostyrene, P(0-FS-co-p-FS), and poly(2,6-dimethyl-1, 4-phenylene oxide), PPO,
has been studied bydifferential thermal analysis (DTA) at pressures up to 300 MPa, P(S-co-p-
FS) copolymers less than 36 mole% p-FS are miscible with PPO in all proportions irrespec-
tive of pressures, using the customary criterion of a single calorimetric glass relaxation.
P(S-co-p-FS) copolymers containing 40 to 50 mol% p-FS undergo phase separation upon
annealing at elevated temperatures, indicating the existence of a lower critical solution
tempratures (LCST). In the PPO/P(S-co-p-FS) blends, pressure displaces the phase boundary
associated with the LCST to higher temperatures causing an apparent increase in polymer
miscibility, The phase diagram for the PPO/ P(S-co-46p-FS) containing 46 mol% p-FS, shows
that the critical composition at about 50 wt% PPO does not change with pressure, but the
consolute temperature 7 increases with increasing pressure, The pressure dependence of the
LCST of thissystem is about 0.35°C/MPa of dT¢/dP. On the other hand, the P(0-FS-co-p-FS)
copolymers containing from 10 to 38 mole% p-FS are miscible with PPO below 230°C,
When the phase behaviors of the 50/50 wt% blends are examined as a function of tempera-
ture and copolymer composition, a symmetric miscibility “window” can be observed in the
resulting temperature-composition diagram with a maximum at about 22 mol% p-FS. The
pressure dependence of the phase diagram for the PPO/P(0-FS-co-29p-FS) blend containing
29 mol% p-FS shows that the critical composition is at about 50 wt% PPO and is indepen-
dent of pressure, The T increases at about O.IOOC/MPa up to 200 MPa and then becomes
independent of pressure to reach an asymptotic value at around 270°C. Similar behavior is
also observed for blends in which the copolymer composition contain either 16 or 23 mol%
p-FS. The decrease of dT,/dP at higher pressure may indicate that the negative volume of
mixing approaches zero above 200 MPa.
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Fig. 1 Schematic illustration of a LCST type

phase diagram of polymer blend.
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p-fluorostyrene(B), p-bromostyrene(C),
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taken from references 14, 15, and 16,
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mers of o-fluorostyrene and p-fluoro-
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Fig. 4 Block diagram of a high-pressure DTA
apparatus: A, hand pump; B, manganin
gauge; C, Heise gauge; D, oil TEServoir;

E, DTA pressure vessel; F, temperature
controller, and G, recorder.
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Fig. 5 Schematic diagram of a high-pressure
DTA Vessel 1, sample and reference
cells (10% Pt-Rh); 2, sensor body; 3
thermocouples; 4, ceramic tubes;
heaters, and 6, pressure vessel,
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Table 1 Molecular weight characteristics of PPO
and p-fluorostyrene copolymers.
Samples My x 1075 Mpx107° Tg(°C)
PPO 0.35 0.17 218
P(S-co-36p-FS) 0.96 0.49 103
P(S-co-46p-FS) 0.99 0.52 103
P(S-co49p-FS) 0.95 0.51 103
P(S-co-56p-FS) 0.99 0.49 103
P(0-FS-co-10p-FS) 1.31 0.64 95
P(o-FS-co-16p-FS) 1.68 0.91 96
P(0-FS-co-23p-FS) 1.61 0.85 96
P(0-FS-c0-29p-FS) 1.67 0.90 97
p(o-FS-co-38p-FS) 1.60 0.80 98
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Fig. 6 Pressure dependence of Tg’s for (a)
PPO homopolymer, (b) P(S-co-46p-FS)
and (c) P(0-FS-co-23p-FS) random co-
polymers and 50/50 wt% blends of (d)
PPO/P(S-co-46p-FS) and (e) PPO/P(0-FS-
co-23p-FS).
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Fig. 7 Dependence of Tg’s on the weight frac-
tion of PPO for the PPO/P(S-co-46p-
FS) blend system at indicated pressures:
1, 0.1 MPa; 2, 50 MPa; 3, 100 MPa; 4,
150 MPa; and 5, 200 MPa. Solid lines
represent the Wood equation, and broken
line represent the Fox equation,

kAEA L7z Wood DR
WilTg— Ty, )+ kWa (Tg ~Ty 50 =0

THREINIREERTERTRT. LT, 1, T2
BAY~—1,20T, W, W ldEBSHETHA3,
ZDBE ROED 1 &HED 0.590> 5100 MPa @ 0.54 %
~T 200MPa @ 0.47 /D¢ 2 AR Lice — A,
PPO/P (0-FS~-co-23p-FS) T EicBEFELL,
k=0.45~0.50D/,%7 X — 5 TEAVE & —3d 3 Wood
DRTEDLENI, ZD& 575 Wood @D fitting
NG A= RDENEIEOEWEH LA T,
Ly R 200MPa T 0.45~ 0.50 £ i2E A U & Offi%
ELEMEHENS, RICT LY F{ERAES0 /50—E &
LIBEDRD T,k RiFT 5 v ot BEAEOESH



MR kS
300 R it
8
7
S
~
& 6
5
200 -
\°\‘°\°\
\0\3\
\o\zg\a\
o 1
[+]
100 L, ! L e

(o]
~
(=35
[e2]

1

0.2

Mole fraction p-FS

Copolymer Composition

Fig. 8 Dependence of Tg’s on the copolymer
composition of P(S-co-p-FS) for the
50/50 wt% blend of PPO/P(S-co-p-FS)
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Fig. 9 Dependence of Tg’s on the copolymer
composition of P(o-FS-co-p-FS) for the
50/50 wt% blend of PPO/P(0-FS-co-p-FS)
at indicated pressures: 1, 0.1 MPa; 2, 92
MPa; 3, 197 MPa; 4, 298 MPa, and 5,
400 MPa,

Do
3.2 WA FHIEHOEIUR

MO EBRIZ, HERED 7 L v FERE B REE
LT, EETOHLEETIO~207HBMNML %A
WL icaklc o TlE~HE/ FTDTARMEZRITNZ D
T AEHAEE O MEEE I LI, £ O DTA R
DO—FH20 % Fig 101t53, 71 v FHRA50/500 PPO
/P (0-FS-co-20p-FS)%HD 200 MPaiz 1 5 #ul
HEBON 5 REBEETH 5, BULFERED 280°CLL
T84 DTAMRE LD AR & EEkic, HIE
ARSI DO T, BN SNnB 7200 Th B0,
290 °C, 300 ‘CO¥HIE TELFEA 52 1 - ER T KB
I Ty B S5 M50 SR/ NES 46 R
HENd, SRTORLIEIC L VHSERBRINE
RG22 DD T, DED S, M5 EE Lo S OHBHE
WTE 5,

7Ly FHIERA 50 /50 & —Eic L7z, PPO/P (S-co

Netsu Sokutei 16(2) 1989



EHRERDICL L EY =— T LY FOEHFOBBEDHE

4H— Endotherm
|
! |
\\

150 Z(I)O Z‘SO 300
T/°C
Fig. 10 DTA curves of 30/50 wt% blends of
PPO/P(0-FS-co-29p- FS) at 200 MPa;
(A), as molded at 210°C; (B), annealed
at 270°C for 24 min; (C), annealed at
280°C for 20 min; (D), annealed at
290°C for 20 min, and (E), annealed at
300°C for 15 min.

400 —— T T T —

immiscible

300 -

T/C

miscible

200, 4 1 1 1 Ly
0 0.2 0.4 06 10
Mole fraction p-FS
Copolymer Composition

Fig. 11 Temperature-composition diagram of
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Fig. 12 Temperature-composition diagram of
50/50 wt% blends of PPO/P(o-FS-co-
p-FS) at 200 MPa,
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Fig. 13 Effect of pressure on the miscibility
of the 50/50 wt% blends of PPO/P(S-co-
p-FS) at indicated pressures: 1, 0.1
MPa; 2, 70 MPa; 3, 101 MPa; 4, 152
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Fig. 14 Effect of pressure on the miscibility
window of the 50/50 wt% blends of
PPO/P(0-FS-co-p-FS) at indicated pres-
sures: 1, 0.1 MPa; 2, 100 MPa; 3, 200
MPa, and 4, 300 MPa.
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Fig. 15 Effect of pressure on the phase diagram
of the copolymer blends of PPO/P(S-
co-46p-FS): 1, 0.1 MPa; 2, 100 MPa,
and 3, 200 MPa.

-~ AAHDE, 1 KIETOR 120°C DEHS, 200MPa
OEAFTTCHRIOTOEHENDDR S, IDZRTIIHE—
MHOBRLZERIENCHEI N ENEBREN S,
fid5, PPO/P (0-FS-co-29p-FS)%TH Fig 161z
REND X HIT, T, PPO/P(S-co-46p-FS)
DG LERIC, EAEICEBM~Y 7 Fd 30t
LT, LCSTHIfRZ 1 KHED» S 200MPa 3 T3 0.1°C/
MPaDwW2WHETEATE, 2N EOEATT
B EAEFINIE—E (=0C/MPa) &7 2, 2 h 5,
LEMHAREL & 2B OBEED, 1 K5F0 110
TS 300MPa ©44°C, 400MPaT25CEEL
LZHEENRHBENE O, Lithi-7T, BERT, ©&h
ICHBRBSIEAT 2 ERBEDONZ DD, 0%
DE—MOBLZEREHEOR L ERE OE&LicE
TTR3ERBTELZTH A5,

4. WHREOEHKEHORIF
McMaster 24d Flory D HI LR AR A%

Netsu Sokutei 16(2) 1989

400

300

T/C

200

100

L 1 1 1
0 0.4 0.8

Weight fraction PPO

Fig, 16 Effect of pressure on the phase diagram
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