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ABSTRACT: The phase separation behavior of a ternary system consisted with SBS, PBD,
and MIK was studied. The cloud point (7',) was determined by turbidimetry and binodal
curves were drawn by the data obtained from the 'H-NMR analysis for those components of
the phases obtained from the phase separation experiments. The cloud point test yielded that
there was no turbidity generated in the polymer concentration range 0 to 4 wt% of the solu-
tion of polymer mixture. No turbidity was observed in the polymer concentration range 5 to
9 wt% as well where the weight fraction of SBS to PBD varies from 0.7 to 1.0. The ternary
system shows a lowering trend of T, as the amounts of SBS added increased in the lower
limit of concentration range of polymer mixture, but at higher concentration range the T,s
are found to be elevated to the temperature range of 7.5~16 C. The phase diagram obtained
by the phase separation experiment reveals that the stable region is expanded as the tempera-
ture is elevated. The steep slope of the tie line inclined to the PBD/MIK axes implies that the
two polymers used have different affinities to the solvent. The polymer-polymer interaction
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parameter x';3 found by Einaga equation lies in the range of 0.8 to 1.3, which indicates SBS

and PBD are incompatible.

Keywords. SBS, PBD, phase separation, polymer-polymer interaction parameter.
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Table 1. Solubility Behavior of the Polymer/Poly-
mer/Solvent Ternary System with Temperatures

16.7°¢C 30°C 40T 50 C

SBS ?:%SD/ SBS ?;%SD/ SBS %%SD/ SBS %%SD/

28 82 28 82 2:8 82 28 82

carbontetrachloride N S N N S N T § § § § S
cyclohexane NSNNZSNS SNS SN
n-hexane N NNNNNNNNNNN
1,4-dioxane N NNNNNNNNZ SST
MIK NNNSTSSSS S SS
2-butanone N NNNNNNTTTTT
cyclohexanone S SN S SNSSS S SS
ethyl acetate N NNNNNNNNTTT

SBS/PBD weight fraction.
N: Insoluble, S: Soluble, T: Turbidity.
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Table 2. Molecular Characteristics of Fractionat-
ed SBS

M, M,

Y M 6
(e/mol)  (g/mol) M./M, [7]"dL/g)
F-1 139000 190000 1.41
F2-2 71000 155000 2.17
F2-3 130000 157000 1.20 0.86
125000° 1.25
F2-4 135000 160000 1.19
F3 78000 160000 2.04
F4 116000 140000 1.20
F5 90000 110000 1.24

@ Data from membrane osmometry.
% [#] is measured in toluene at 30 + 0.01 C.

Table 3. Molecular Characteristics of Fractionat-
ed PBD

M, M,

@mo)  (/moy T/Ma [r1UdL/E)
R—-0° 71000 140000 1.97
R-1 137000 159000 1.16 1.00
135000° 1.18
R-2 120000 140000 1.18
R-3 110000 136000 1.25
R—4 118000 140000 1.18

% Mother polymer.
¢ Data from membrane osmometry.
“[7] is measured in toluene at 30 + 0.01 C.
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Figure 1. GPC chromatogram of SBS mother poly-

mer.
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Figure 2. GPC chromatogram of SBS fraction (F2-3).
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Figure 3. GPC chromatogram of PBD fraction(R1).
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Figure 4. Intrinsic viscosity of PBD fraction(R1) in
toluene at 30 C.

Figure 5. 'H-NMR spectrum of SBS fraction(F2-3).
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Table 4. Polystyrene Contents of Fractionated
SBS Samples

polystyrene content
(weight %)

mother SBS 34.06

F2-2 30.79

F2-3 32.71

F2-4 3341

F3 35.14

F4 33.58

F5 36.11
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Figure 6. IR spectrum of PBD mother polymer.
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Figure 7. IR spectrum of SBS mother polymer.
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Figure 8. Osmotic pressures of PBD(R1) and SBS
(F2-3) in MIK at 30 C.
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Figure 9. Cloud point curves of SBS/PBD/MIK ter-
nary system with varying composition ratios of SBS
(F2-3) and PBD (R1).
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Figure 10. Example of 'H-NMR spectrum of phase
separated at 7.5 °C. (a) Concentrate phase and (b) di-
lute phase.
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Figure 11. Example of 'H-NMR spectrum of phase
separated at 9.5 C. (a) Concentrate phase and (b) di-
lute phase.
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Figure 12. Example of 'H-NMR spectrum of phase
separated at 11.7 °C. (a) Concentrate phase and (b) di-
lute phase.
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g A =.o 7 FT-°] F F
Table 5. Phase Composition and Interaction Parameter
initial volume fractions in o interaction o
Temp. . .

T solution conjugate phases parameter
¢ 9 ¢ {, ¢" & Xblz Xblz o x'23"
75 0.0567 0.4924 0.0209 0.2297 0.2624 0 0.2822 0.4263 0.8693
0.0563 0.4143 0.0201 0.6076 0.2068 0 0.8064
0.0575 0.3091 0.0273 0.6513 0.3128 0 0.9597
0.0560 0.2150 0.0376 0.5480 0.2705 0 1.0144
0.0583 0.1096 0.0424 0.6605 0.2282 0 1.3135
95 0.0582 0.5157 0.0168 0.2311 0.2501 0 0.8642
0.0570 0.3973 0.0241 0.4350 0.2281 0 0.8284
0.0540 0.1978 0.0336 0.5628 0.1851 0.0065 0.9204
0.0586 0.1680 0.0432 0.5877 0.2418 0.0049 1.0777
11.7 0.0536 0.4959 0.0173 0.3037 0.2175 0 0.8262
0.0576 0.3786 0.0231 0.6593 0.2324 0 0.8352
0.0564 0.3131 0.0264 05278 0.2226 0 (.8482
0.0575 0.2032 0.0328 0.5333 0.2251 0 0.9667
0.0567 0.1399 0.0386 0.56697 0.2045 0 1.1035

* Dilute phase. ” Concentrate phase.  Einaga’ s equation. ¢ Volume fraction of the polymer mixture in initial solution. ¢ Volume
fraction of the polymer mixture in dilute phase. ¢” Volume fraction of the polymer mixture in concentrate phase. ¢, Volume
fraction of SBS in polymer mixture. 2%, Interaction parameter between SBS and MIK in binary system. x® Interaction param-
eter between PBD and MIK in binary system. x';3 Interaction parameter between SBS and PBD in ternary system.

Figure 13. Phase diagram for the ternary system
SBS/PBD/MIK at 7.5 ¢.(0): Equilibrium phase
composition, - ; tie line.

752

0.3

Figure 14. Phase diagram for the ternary system
SBS/PBD/MIK at 9.5 'C. (Q) : Equilibrium phase com-
position, ——; tie line.
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Figure 15. Phase diagram for the ternary system
SBS/PBD/MIK at 11.7 C. (@) : Equilibrium phase
composition, - ; tie line.
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Figure 16. Variation of interaction parameter x's
with volume fraction of PBD.
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