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Wet tensile strength of the blend membranes

Tensile strength of the membranes was measured in the wet condition to investigate the practicability
during the filtration study. PVDF membranes show maximum tensile strength, as shown in Figure S1.
Addition of the second polymer such as PMMA has a profound influence in the membrane mechanical
property leads to the decrement in the tensile strength when the PMMA concentration is more than
30wt%. This decrease is observed from the thermodynamic instability during the liquid to solid phase
separation and decrease in the percentage crystallinity. Neat PVDF membrane has high crystallinity,

which was studied in the DSC and XRD analysis, and crystalline material has high tensile strength. During



the application of tensile stress uncoiling of the polymer chains in the amorphous region initiates first
followed by the separation of ordered chains in the crystallites which are held together by the tie chains.
The neat PVDF membrane breaks when the tie chains start to rupture'. Also, membrane pores
contribute to the stress concentration, which is significant in the 60/40 blend leads to the membrane
breakage®’. Introduction of glassy polymers hinders the crystallinity of PVDF, increases the membrane
porosity, which severely decreases the tensile strength. During the crossflow filtration study, 60/40
membranes break many times in the test cell, possibly due to the less tensile strength. Hence, the wet
tensile strength of the membrane was tuned by the concentration of the second polymer (PMMA) in the

PVDF matrix.
Preparation of the graphene oxide (GO) nanosheets

Graphene oxide was prepared by the modified Hummers method as reported elsewhere *°.
Briefly, 1g of graphite flakes were dispersed in the 55:6.5 mL of H,SO,4:H3PO, solution in an ice
bath and kept stirred by a magnetic stirrer for half an hour. The oxidant KMnO, was then
introduced into the reaction mixture for the oxidation of graphite and kept stirring the mixture for
three days at 25°C, H,O,was added to stop the reaction. The synthesized graphitic oxide then
washed with 1M HCI and distilled water for three days. The GO was collected by centrifugation
at 10,000 rpm for 45 minutes and washed several times until the pH of the supernatant reaches
~7. Obtained GO was vacuum dried for several days at ambient temperature and then at 40 °C

for a week.
Preparation of the titanium dioxide (TiO) nanoparticle

TiO, nanoparticle was synthesized by sol-gel method as shown schematically in Figure $2°".

Tetrabutylorthotitanate (TiOBus) was used as the precursor material and was reacted with



ethanol, water, and nitric acid in the ratio of 1:20:6:0.8. Initially, TiOBu, was dissolved in
ethanol and continued stirring for 10 minutes. Then HNO3 was added and continued the stirring

for next 30 minutes.

To the above solution, 16.7 ml of ethanol followed by 1.5 ml of H,O were added slowly. The
amalgam then hydrolyzed at ambient temperature with vigorous magnetic stirring until the
formation of a translucent gel. The prepared sol was then taken for ageing at room temperature
for two days. The obtained gel was dried at 100 °C for 24 hours and finally calcinated in a silica

crucible at 400 °C for three hours.
Fourier Transform Infrared Spectroscopy (FT-IR) analysis of the membranes

FT-IR spectrum of the prepared membrane was shown in Figure S5. The peaks appeared at 612,
763, 795 and 975 cm™ are respectively CF, bending, CF, skeletal bending, CH- rocking and CH
twisting and these are characteristic a-phase. The presence of o phase was also confirmed by the
XRD analysis. The peak appeared at 843, and 1180 is tending to represent the y phase of the
PVDF and could be the mixture of a and y crystalline phase of the membrane formed after phase

inversion &

The peak appeared at 2951, 1724 and 1439 cm™ in the blend samples are respectively C-O-CHs;
stretching, C=0 stretching and CH, scissoring of PMMA polymer. Also, the peak appeared at
1400, 1271 and 1072 cm™ are the deformed vibrations of CH, groups in the PVDF polymer °.
The solvent used for the dope solution affects the crystalline phases of the final membrane
formed during precipitation. Tao et al.'° found that a good solvent for the PVDF can form o-
phase during the precipitation while as partially dissolved solvents form B-phase in PVDF

membrane.
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Figure S1: Wet tensile strength of the membrane measured in the UTM.
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Figure S2: schematic representation of TiO, nanoparticle preparation.



Figure S3: Schematic of PVDF/PMMA membrane preparation by non-solvent induced phase

separation (NIPS) method.
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Figure S4: X-ray diffractogram of the nanoparticles: (a) TiO, and (b) GO nanosheets and

graphite particles.
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Figure S5: FT-IR spectra of the prepared PVDF and blend membranes.
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Figure S6: Lorentz corrected Kratky plot of PVDF-PMMA blend membranes plotted in the log-

log scale.
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Figure S7: Small angle X-ray scattering of 70/30 nanocomposite membranes.
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Figure S8: One-dimensional correlation function of the 70/30 neat and nanocomposite

membrane with variation in filler concentration.
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Figure S9: X-ray micro-CT of the prepared PVDF membrane (a) 3D structure, (b) cross-sectional

morphology.
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Figure S10: Cross-sectional morphology of 70/30+5wt% nanocomposite membrane showing the

aggregation of fillers on the top surface.
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Figure S11: Energy dispersive spectra of the 70/30 nanocomposite membranes: (a&a;) 3wt%

and (b&b4) 5wt%.
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Figure S12: Antifouling nature of the membrane studied through FRR and IFR.
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Figure S13: Membrane compaction of the neat 70/30 and with 5wt% filler was measured in the

cross-flow filtration system.
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