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ABSTRACT

to reduce the pollution resulting from the emission of carbon dioxide gas

(CO,) in the environment. These equipments are considered a good alternative
to traditional gas absorption methods due to their many advantages. However, despite
having important advantages, the wetting of polymer membranes due to contact with
liquid absorbents and especially amine solutions is one of the main disadvantages of
this equipment.
Methods: In order to reduce the wetting problem of membranes, in the present
study, pure poly(vinyl chloride) (PVC) membranes and mixed matrix membranes,
containing calcium carbonate nanoparticles and silica nanoparticles, grafted with
methyl agent were fabricated by non-solvent induce phase separation method for use
in the CO, absorption process. In the meantime, the structure and performance of the

membranes were investigated using different tests.
Findings: The results showed that the size of the pores increased with the increase in the
carbon dioxide percentage of nanopartiqles in the polymer solut.ion. So that, the membranes containing
! 2% (by wt) of nanoparticles had larger finger like pores than other membranes. Also,
membrane contactor, despite the increase in the size of the finger like pores, the presence of nanoparticles
in the structure of the mixed matrix membranes caused a noticeable improvement

l l ypothesis: Membrane contactors are one of the new and effective technologies

wetting, . .
_ . < in the tensile strength of these membranes compared to the pure PVC membrane. In
poly(vinyl chloride), addition, the contact angle test showed that the mixed matrix membranes have a larger
fred] i mamlERe contact angle than the pure PVC membrane. Thus, the membrane containing 1.5%

(by wt) of CaCO, nanoparticles and the membrane containing 2% (by wt) of silica
nanoparticles grafted with methyl agent had the highest contact angle. In addition,
the CO, absorption test indicated that at an absorbent velocity of 250 m/s, the PVC/
CaCO, mixed matrix membrane exhibited the highest CO, absorption flux, which was
1.45 x 10~ mol/m?s.
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Table 2. Spinning condition for PVC hollow fiber membrane

fabrication.
Spinning conditions Remarks
Polymer + nanoparticles (wt%) 17
Bore fluid Water
Bore flow rate (mL/min) 2
Air gap (cm) 0.5
Take up speed (mm/min) 15
External coagulant Water
External coagulant temperature (°C) 25
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Table 1. Materials used for the synthesis of nanoparticles.

Parameters Value
MTES/TEOS molar ratio 3.774
H,O/TEOS molar ratio 8.000
NH,OH concentration (M) 0.511
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Fig. 1. Schematic of CO2 absorption process in a membrane

contactor system.
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Table 3. Specifics of the membrane contactor module.

Parameter Value
Module ID (mm) 10
Module length (cm) 24
Fiber OD (mm) 0.9
Fiber ID (mm) 0.6
Effective fiber length (cm) 18
Number of fibers 10
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Fig. 4. SEM images of the outer surface of flat sheet PVC membranes containing CaCO, nanoparticles: (a-1) 1 wt %, (a-2) 1.5 wt %,

and (a-3) 2 wt % and silica nanoparticles grafted with methyl functional group (b-1) 1 wt % (b-2) 1.5 wt % and (b-3) 2 wt %.
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Table 4. Diameter of the largest surface pore and diameter of

spongy pores of membrane.

Pure membrane 0.150 | 0.217
Containing 1 wt. % of CaCO, 0.171 0.240
Containing 1.5 wt. % of CaCO, 0.184 | 0.247
Containing 2 wt. % of CaCO, 0.195 | 0.249

Containing 1 wt. % of'silica-g-CH, 0.162 | 0.223

Containing 1.5 wt. % of silica-g-CH, | 0.170 | 0.225

Containing 2 wt. % of  silica-g-CH, 0.176 | 0.229
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Fig. 5. SEM images of the cross section of flat sheet PVC membranes containing CaCO3 nanoparticles (a-1) 1 wt %, (a-2) 1.5 wt %,

and (a-3) 2 wt % and silica nanoparticles grafted with methyl functional group (b-1) 1 wt % (b-2) 1.5 wt % and (b-3) 2 wt %.
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Fig. 6. SEM images of pure PVC hollow fiber PVC membranes, (a) outer surface (b) cross section.
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Fig. 8. The graph of the contact angle related to the PVC
membrane containing different amounts of nanoparticles (a)
Mixed matrix membranes containing CaCO, nanoparticles and
(b) Mixed matrix membranes containing silica nanoparticles

grafted with methyl functional group.
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Table 5. Results from AFM analysis.
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Fig. 7. XRD patterns for (a) pure PVC membrane, (b) mixed

matrix membrane containing 1.5 wt % of CaCO, nanoparticles,
and (c) mixed matrix membrane containing 1.5 wt % of silica

nanoparticles grafted with methyl functional group.

Lgl.hajé} Q.Ljﬁ g.,a,-yCaCO3 ol)':};u S 9 RCVLY Jﬁbbﬂ@a
1 O g 3 oS Wlodd OF mhaw O3 50Ls 5 Lié o

AFM 05051 51 Jol> = -0 Jsis

Membrane sample Ra Rq Rt

Pure membrane 8.93 11.06 77.06
Containing 1 wt % of CaCO, 21.26 25.59 160.06
Containing 1.5 wt % of CaCO, 71.65 91.18 682.1
Containing 2 wt % of CaCO, 57.7 55.88 302.1
Containing 1 wt % of silica -g- CH, 47.95 66.50 404.3
Containing 1.5 wt % of silica -g- CH, 59.24 74.77 630.5
Containing 2 wt % of silica -g- CH, 67.7 75.88 502.1

\"Z\ V&Y QLT 40 € 0 Lo eatuibsg s Jw ouly (5I9I9iSS 9 pole oole almo



e (U5 Jadiag) by 95 Bl aliat (Lo i S yuled 3 pShoc p jupS T wulydgsl 3l

1126 mm 4012 nm

Slow (um)
Slow (um)
Slow (um)
Slow (um)

0nm

0 5 10 0 5 10
Fast (um) Fast (um)

(d)

00 05 1.0
Fast (1m)

Slow (um)
Slow ((m)

0 5 10 5
Fast (Lum) Fast (Um) Fast (um)
(e) () (2

5 s VL) (G5 Vel (©) « Sis VT B) (S5 T (@) :CaCO, ol 35U gluls PVC glalie 4 by 0 AFM , glay -4 IS

(;v)} Y. (g) 9 u.')_g \/07. (f) 49.':)') \7/ (e) J?ic Q;LALC« o); L os)}}.b'}:; @&A?w Q\):}};U
Fig. 9. AFM images of PVC membranes containing CaCO, nanoparticles: (a) 0 wt% , (b) 1 wt%, (c) 1.5 wt %, (d) 2 wt% and silica
nanoparticles grafted with a methyl functional group (e) 1 wt %, (f) 1.5 wt %, and (g) 2 wt %.
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Table 6. Mechanical properties of the PVC membrane samples.
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Fig. 11. The graph of chemical stability for PVC membrane
samples; (a) pure PVC membrane, (b) mixed matrix membrane
containing 2 wt% of silica nanoparticles grafted with methyl
functional group, and (c) mixed matrix membrane containing

1.5 wt% of CaCO, nanoparticles.
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grafted with methyl functional group, and (c) mixed matrix

membrane containing 1.5 wt% of CaCO, nanoparticles.
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Table 7. Comparison of different membranes used in membrane contactors for CO, absorption.

Membrane OD/ID (mm) | Pore size (um) | CO, flux (mol m?s™) Manufacture Ref.

PVC- CaCO, 0.9/0.6 0.127 1.45x1073 In-house made Current work
PP-CH,SiO, 0.8/0.5 0.120 1.49x1073 In-house made [25]
pp 0.3/0.22 0.040 1.4x107 Celgard Inc. [44]
PSf - glycerol 0.5/1 0.01 7.5 % 10* In-house made [45]
PEI - fSiO, 0.8/1.1 0.040 8.68x10* In-house made [15]
PVDF - SMM - 0.385 8x10+ In-house made [46]
PVDF - CaCO, 0.85-0.97/ 0.027 1.52x107 In-house made [16]
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