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ABSTRACT

ypothesis: The morphology of flat membranes, as one of the determining
Hfactors, plays a fundamental role in their functional properties, including
permeability, selectivity, and mechanical strength. Precise adjustment of
surface structure and membrane porosity enables optimization of separation processes
and leads to significant improvements in efficiency and performance in industrial
applications. Specifically, in the water and wastewater industry, controlling membrane
morphology enhances fouling resistance and increases the operational lifetime of
membranes.
Methods: An asymmetric poly(vinylidene fluoride) (PVDF) flat membrane was
fabricated using the wet-casting method. To analyze the resulting morphology, a
comprehensive kinetic and thermodynamic investigation of the polymer solutions
was conducted to identify and explain the mechanisms governing the formation of the
different layers in the asymmetric PVDF membrane structure.
Findings: Investigation of field-emission scanning electron microscopy (FE-SEM)
e images revealed that the.u_pper sqrfgce (actiye layer), cross—sect?on, and bottqm surface
’ of the membrane exhibited distinctly different morphologies. These differences
phase separation, were attributed to the thermodynamic behavior and mass transfer pathways within
the various layers of the cast film. ATR-FTIR results further demonstrated that
morphological changes in the membrane led to microstructural variations on the
poly(vinylidene fluoride), upper and bottom surfaces, ultimately strengthening the B-phase in the PVDF polymer
active layer chains at the bottom surface. In addition, contact angle measurements showed that the
water contact angle on the upper surface was 90°, whereas on the bottom surface it
was 101°. The performance of the prepared membranes was evaluated in a membrane
distillation system, and the results showed that the best membrane had a salt rejection
0f 99% and a permeate flux of 2.8 kg/m?.h. Overall, it can be concluded that a precise
understanding of the mechanisms governing the formation of different layers in
asymmetric flat membranes enables control over the physical and chemical properties
of the membrane surface, a goal partially achieved in this study.
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Fig. 1. (a) Schematic of a ternary phase diagram for an amorphous polymer and (b) different mass transfer pathways.
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Fig. 4. FE-SEM images of the cast membranes (PM-1) at two different magnifications: (a-b) the top surface, (c-d) the

cross-section, and (e-f) the bottom surface of the membranes.
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Fig. 5. FE-SEM images of the cast membranes (PM-2) at two different magnifications: (a-b) the top surface, (c-d) the cross-section,

and (e-f) the bottom surface of the membranes.
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Fig. 6. ATR-FTIR spectra of (a) the top surface of PM-1 membrane (blue line) and from the bottom surface (red line) of the PM-1

membrane and (b) the top surface of PM-2 membrane (blue line) and from the bottom surface (red line) of the PM-2 membrane.
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Fig. 7. Contact angle of water drop on the top and bottom

surfaces of the prepared membranes.
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Fig. 8. Permeate flux measured for the prepared membranes

in AGMD system.
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Table 2. Comparison of the performance of different membranes in the membrane distillation process.

Polymer Fabrication method MD configuration * | Flux (kg/m*.h) Rejection (/) Ref.
PVDF Electrospinning AGMD 5 99 [25]
PVC Phase separation (VIPS) 9.4 99 [14]
PVDF Electrospinning AGMD 4.2 99 [26]
PVDF Phase separation (NIPS) AGMD 2.8 99 Thid work

*AGMD, Air-gap membrane distillation; VMD, Vacuum membrane distillation.
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