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Influence of Mixed Diluents on the Structure and Properties of
Poly(4-methyl-1-pentene) Membranes via Thermally Induced
Phase Separation Method
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Abstract: Using the thermally induced phase separation (TIPS) method, poly(4-methyl-1-pentene) (PMP)
porous membranes were prepared using various ratios of dioctyl phthalate (DOP) to dibutyl phthalate
(DBP) mixed diluents. This study investigated the effects of mixed diluent ratios on the phase separation
morphology, crystallinity, rheological properties, structure, and performance of porous membranes after
extraction. The results indicated that introducing the less compatible DBP into the more compatible DOP
reduced the crystallization temperature and refined the PMP dimensions, shifting the phase separation
morphology from solid-liquid phase separation to liquid-liquid phase separation. The addition of DBP
contributed to a reduction in melt viscosity, shortened relaxation time, and improved the stability of the
PMP melt under large strain conditions. When the mass ratio of DOP to DBP was 3:7, the porous membrane
exhibited the highest oxygen permeability (8.2 mL-min~!-cm™2), with a tensile strength of 5.8 MPa and
tensile modulus of 180 MPa.
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Table 1 The formulation of mixed diluent/PMP and the

Hansen solubility parameters of the mixture

PMPRUE  DOPJRA DRPRE AnseniE

(kg) (kg) (kg) %E?%ﬁz{
(J/em?)
0% DBP 1.2 1.8 0 18.28
20% DBP 1.2 1.44 0.36 18.65
30% DBP 1.2 1.26 0.54 19.08
40% DBP 1.2 1.08 0.72 19.24
50% DBP 1.2 0.9 0.9 19.41
60% DBP 1.2 0.72 1.08 19.56
70% DBP 1.2 0.54 1.26 19.72
80% DBP 1.2 0.36 1.44 19.88
100% DBP 1.2 0 1.8 20.18
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Figure 1 SEM images of the porous membranes after extraction by PMP/DOP/DBP ternary blending system
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Figure 2 Pore size distribution curves (a) and average pore size and porosity (b) of the porous membranes after PMP/DOP/DBP

ternary blending system extraction
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Figure 3 DSC curves of PMP/DOP/DBP ternary blending system: (a) crystallization curves; (b) melting curves; (c) crystallinity
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Figure 5 Rheological curves of PMP/DOP/DBP ternary blend systems: (a) Han diagram; (b) Cole-Cole diagram
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Figure 6 Elastic Lissajous curves (a) and viscous Lissajous curves (b) of PMP/DOP/DBP ternary blend systems
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