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ABSTRACT

main chain of polyurethane with two ends having a fluorine-based hydrophobic
polymer. These macromolecules tend to migrate to the membrane surface
during membrane fabrication process and alter the physical and chemical properties
of the membrane surface by formation of a thin layer on the surface of the membrane.
Therefore, they can increase the hydrophobicity of the membrane surface which is an
important parameter in gas-liquid membrane contactor system.
Methods: Poly(vinylidene  fluoride-co-chlorotrifluoroethlene), PVDF-CTFE,
hollow fiber membranes were fabricated using surface modifying macromolecules
through a dry-wet phase inversion method. Structure and characteristics of fabricated
membranes were evaluated and they were used in carbon dioxide absorption and
stripping processes in a gas-liquid membrane contactor system.
Findings: Water contact angle of outer surface of the fabricated membrane without
PVDF-CTFE copolymer, SMM was measured as 90.51°. Addition of SMM into the membrane increased contact
angle to 114.20°. Critical entry pressure of water of the membrane fabricated without/
with SMM was measured as 7 and 10.50 bar, respectively. The CO, absorption flux of
macromolecule, 1.76x10? mol/m?.s and 9.70x10** mol/mZ.s, at the liquid phase flow rate of 300 mL/min,
CO, absorption and was achieved for the fabricated membrane without/with SMM, respectively. The CO,
stripping, stripping flux, at the liquid flow rate of 200 mL/min, for the fabricated membrane was
achieved at 1.30%10” mol/m*s without SMM and 6.40x10* mol/m*.s with SMM.
hollow fiber membrane, The maximum CO, stripping efficiency, at the liquid flow rate of 200 mL/min, was

gas-liquid membrane achieved for the fabricated membrane at 72.10% without SMM and 42.60% with
contactor SMM.

Hypothesis: Hydrophobic surface modifying macromolecules (SMM) have a

surface modifying
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Table 1. Composition of materials in polymer solutions.

Co-polymer Solvent SMM
Solution type | concentration | concentration | concentration
(Wt%) (Wt%) (Wt%)
Without SMM 18 82 0
With SMM 18 77 5
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Fig. 1. Surface modifying macromolecule structure (SMM) [14].
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Table 2. Spinning conditions of hollow fiber membrance.

Parameter Amount
Polymer solution extraction rate (mL/min) 5
Bore fluid flow rate (mL/min) 2.5

Bore fluid composition Distilled water

Air-gap length (cm) 10
Inner diameter of spinneret (mm) 0.55
Outer diameter of spinneret (mm) 1
Coagulation bath temperature (°C) 25
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Fig. 3. Schematic of gas-liquid membrane contactor system

for gas stripping process [21].
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Table 3. Specifications of the gas—liquid membrane contactor

module.
Parameter Amount

Number of fibers in absorption process 10
Number of fibers in stripping process 30
Module length (mm) 280
Fibers outer diameter (mm) 0.93
Fibers inner diameter (mm) 0.44 to0 0.52
Effective fiber length (mm) 240
Module inner diameter (mm) 30
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Fig. 4. SEM images of hollow fiber membranes: inner surface of membrane (a) without SMM, (b) with SMM and cross-section

of membrane (c¢) without SMM, and (d) with SMM.
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Table 4. Properties of hollow fiber membranes.
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Type of Average pore Effective surface CEP* Water contact Overall porosity
membrane radius (nm) porosity (x 10>m™) (bar) angle (°) (%)
Without SMM 25.80 2548 7 90.51 75.04
With SMM 18.36 1813 10.50 114.20 63.84

* Critical entry pressure of water.
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Fig. 6. CO, absorption flux versus absorbent flow rate for fabricated

membranes.
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Table 5. Results of energy dispersive X-ray analysis.

. Element
Fabricated membrane :
Si (wt %) F (wt %)
Without SMM 0.0 68.01
With SMM 1.35 66.24
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Fig. 8. CO, stripping efficiency versus liquid phase flow rate

for fabricated membranes.
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Fig. 7. CO, stripping flux versus liquid flow rate for

fabricated membranes.
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Table 6. Comparison of results of this study with other studies.

Water Absorption
Type of hollow fiber Effective surface Stripping flux
Additive contact flux Reference
membrane porosity (m™) (mol/m?s)
angle (°) (mol/m?s)

PVDF-CTFE - 25.48 90.51 1.76x107 1.30x1073 This study
PVDF-CTFE SMM 18.13 114.2 9.70x10* 6.40x10+ This study
PVDF - 121 83 4.00x10* - 14
PVDF SMM 256 92 7.70x10* - 14
PVDF SMM 256 92 - 1.78x107 22
Polysulfone - 20.90 63 3.30x10* - 23
Polysulfone SMM 15.71 70 5.80x10* - 23
Polysulfone SMM 15.71 70 - 1.27x10* 24
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