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1. Rheological Properties of Polymer Solutions

The molecular state and gelation behavior of polymer solutions can be obtained from the
rheological measurements [1,2]. In addition, the rheological properties of polymer solutions have
obvious effect on its processibility [3]. The effect of ratio of DBP/DOP on the rheological behavior of
the polymer solutions is presented in Figure S1. The shear stress (o) of the PVDE-HFP/DBP solutions
was found to be higher than that of the PVDF-HFP/DBP/DOP solutions at the same shear rate (y). In
addition, the viscosity (1)) of polymer solutions decreased with the addition of DOP content. The
shear stress and viscosity continuously decreased with an increase in the content of DOP. As to
further investigate the effects of mixed diluent on the non-Newtonian behavior of polymer solutions,
the non-Newtonian index (n), slope of the curves of logarithm of shear stress versus logarithm of
shear rate, was presented in Table S1. The value of the non-Newtonian index (n) had no obvious
difference with addition of DOP and the non-Newtonian indexes of all polymer solutions were close
to 1. Taken together, the polymer solutions exhibited excellent Newtonian flowing property.
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Figure S1. Effect of mixed diluent on o-y curve (A) and n-y curve (B).
Table S1. The non-Newtonian index of different polymer solutions.
Temperature(°C) Polymer Solution MO M1 M2 M3 M4
150 Non-Newtonian index (n) 09768 0.9722 09870 09776 0.9821

2. Relation between DBP Content in Mixed Diluent
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The relation between DBP content in mixed diluent and the difference of solubility parameter
(AD) between PVDF-HFP and mixed diluent was shown in Figure S2. The solubility parameter of
mixed diluent and the difference of solubility parameter between PVDF-HFP and mixed diluent were
calculated by the following equation:

8i = 81¢’1 + 82‘1)2 (1)
468 = |6, — & )

where 01 and 82 were solubility parameter of one diluent and another one (exhibited in Table
S2), i and dj were solubility parameter of mixed diluent and PVDF-HEFP. It was clear that Ad was
decreasing proportionally with the increase of the DBP content, which expressed that the increase of
the DBP content enhanced the interaction between the polymer and the mixed diluent. Furthermore,
DBP provided higher viscosity than DOP. The effect of the stronger interaction and higher viscosity
on membrane structure was discussed detailed in section 3.2.

Table S2. Some properties for DBP, DOP, and PVDF-HFP.

Densit Solubility parameter ) Viscosit
Substance (g-cm-g)’ [ (M};’E) ] Molecular weight [mpa.s (20 XC)]
DBP 1.045 20.3a 278.34 163
DOP 0.985 18.22 390.55 80
PVDF-HFP 1.770 23.201 - -
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Figure S2. Relation between DBP content in mixed diluent and the difference of solubility parameter
(Ad) between PVDFE-HFP and mixed diluent.

3. Typical Properties of PVDF-HFP Membranes

Some typical properties of the obtained membranes were tested and listed in Table S3. It can be
clearly seen that the mean pore size and porosity of obtained membranes decreased firstly and then
increased with the decrease of DBP/DOP ratio. When DBP/DOP ratio was larger than 7/3, the main
type of phase separation was L-L phase separation and the size of spherulite and the space between
spherulites decreased with the DBP/DOP ratio in mixed diluent. Hence, the mean pore size and
porosity decreased. As the DBP/DOP ratio decreased further, the main phase separation was L-L
phase separation and the bicontinuous structure formed during the cooling process. Therefore, the
mean pore size and porosity increased.

It was well known that the mechanical properties were mainly depended on the crystallinity
and membrane structure. When the DBP/DOP ratio was larger than 7/3, both the breaking strength
and breaking elongation decreased gradually with the increase of DOP content due to the formation
of bigger space between spherulites and lower crystallinity. When DBP/DOP ratio was 7/3, the
breaking strength and breaking elongation was largest. Moreover, with the further increase of DOP
content, the bicontinuous structure got much looser which resulted in worse mechanical properties.
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Table S3. The typical properties of prepared PVDF-HFP membranes.

Mean Pore Size Porosity Breaking Strength Breaku-lg
Membrane Elongation
(nm) (%) (MPa)
(%)
MO 939.3+0.01 53.8+5.3 2.07+0.09 246.5+19.10
M1 827.1+0.03 47.4+4.1 2.68+0.05 372.4+14.01
M2 734.6+0.03 45.3+6.4 2.88+0.09 1053.4+28.64
M3 627.1+0.02 53.8+3.1 3.27+0.08 1132.6+19.80
M4 994.1+0.01 54.6+4.7 2.07+0.14 714.6+13.87

4. Effect of SiO2 Content on PVDF-HFP Hybrid Membranes

From the SEM images of cross section, it was found that spherulites increased with the increase
of 5i02 contents. The reason was that the SiO2 particles as the primary nuclei promoted the S-L phase
separation and the spherulitic structure instead of bicontinous structure. It can been also seen clearly

that the mixed diluent facilitated the formation of membranes with a rough and porous surface. Then
with the addition of SiO: particles, some micro/nano-protrusions were scattered on the membrane
surfaces. With the increase of SiO: contents, microsphere was formed and blocked the membrane
pore size which resulted in the lower porosity and smaller pores. In addition, the introduction of 5iO:

particles facilitated the formation of rougher membrane surface. Furthermore, the formation of

micro/nano-protrusions made the hybrid membrane more hydrophobic which can be testified by
higher water contact angle (Table 54).
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Figure S3. The SEM morphology of PVDF-HFP hybrid membranes. A-D:M3-S0~M3-S3,1:cross
section, 2:surface.

Some typical properties of PVDF-HFP hybrid membranes were presented in Table S4. It was
found that the mean pore size and porosity of PVDF-HFP hybrid membranes decreased which has
been explained in last section. In addition, the hydrophobicity of hybrid membranes enhanced with
the increase in SiO:2 content owing to rougher membrane surface.

With the addition of SiO: particles, the breaking strength increased and then decreased. It can
be explained that the SiO: particles were evenly distributed in the membrane and closely combined
with the molecular chains of matrix by physic and chemistry effect because of their small size and
surface effect. The region of stress concentration achieved good dispersion and the entanglement
point inhibited the movement of molecular chains when the external force was applied. However, an
excessive amount of SiO:2 particles could cause the agglomeration which resulted in the decrease of
breaking strength. On the contrary, the breaking elongation declined with the addition of SiO2
particles. The reason was that the low surface energy of fluoropolymer had the low surface energy
which resulted in poor affinity between fluoropolymer with inorganic particles [6]. PVDEF-HFP and
SiO: particles used in this work were also true for this theory.

Table S4. Characterization of PVDF-HFP hybrid membranes.

Mean Pore ) Contact Breaking Breaking
Membran . Porosity R
e size (%) Angle Strength Elongation
(nm) © (MPa) (%)

M3 734.6 54.6+3.1 127.98+2.25 3.27+0.08 1132.6+19.80
M3-S1 643.0 51.3+1.4 131.47+3.12 3.49+0.17 771.1+£22.74
M3-S2 552.5 47.6£2.7 135.02+1.67 3.92+0.31 540.43+13.46
M3-S3 374.7 43.2+2.6 135.72+1.47 3.29+0.24 338.67 ¥17.17

Table S5. Comparison of the mechanical property and separation performance for surfactant-
stabilized water-in-oil emulsion.

Breaking Breaknfg Filtration Rate Separation
Reference Membrane Strength Elongation (L-m-2h-1) Efficiency (%)
(MPa) (%) ye
. M3-50 3.27 £ 0.08 1132.6 £9.80  433.61 +11.27 98.87
This work
M3-S2 3.92+0.31 540.43+13.46 254.17+10.14 99.84
PVDF membrane - - 200-300 99.64-99.80
PVDF modified membrane 2 <30 =700 99.95
PVDEF/SA nanofibers - - ~200 <99.5
PVDF/PMMA it
[10] /PMMA composite - - ~250 ~99.5
membrane

[11] PVDF membrane - - 220-3000 99.02-99.98
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