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Abstract— The presence of heavy hydrocarbons such as
toluene, and n-hexane are a problem in carbon dioxide
separation with loss of flux and selectivity. Moreover, small
amounts of condensable heavy hydrocarbons also can cause
membrane failure and premature aging. Thus, these impurities
and heavy hydrocarbons need to be removed before natural gas
undergoes carbon dioxide separation in acid gas removal
process. This research aim is to study the effect of such
hydrocarbons and impurities to carbon dioxide separation
based on chemical and physical characteristic. PTFE hollow
fibre membrane was obtained from PETRONAS Research Sdn
Bhd. The data is analysed based on membrane characterization
such as Fourier Transform Infrared (FTIR) Spectroscopy,
Thermogravimetric Analysis (TGA), digital microscope,
mercury porosimeter and tensile strength. Based on this study’s
findings, the exposure of the membrane material to heavy
hydrocarbons decreases the thermal, morphology, and
mechanical properties of the hollow fibre membrane.
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[. INTRODUCTION

Population growth has led to a growing demand for energy
worldwide. In addition, the need to tackle environmental effects for
example the emission of greenhouse gas is the main concern of the
present. For that reasons, researchers have searched and explored the
alternatives for potential energy that is more sustainable and
environmentally friendly. High quality, economic feasibility, and
environmental sustainability energy that can fulfil the global
demand has been the world’s main concern. Present, natural gas is
one of the most vital components of the global energy source that
meets the above requirements [1].

Natural gas has characteristics of odourless, shapeless, and
colorless in its pure state. Besides, it is a combustible gas and when
burned, it releases a significant amount of energy. Natural gas is
considered as environmental friendly compared to other fossil fuels
such as crude oil and coal [2] because natural gas combustion release
lower amount of carbon dioxide and nitrous dioxide compared to
others which later helps to reduce problems such as acid rain, and
greenhouse gases [3]. However, natural gas in the well contain
various contaminants such as acid gases (CO2 and HzS), Nitrogen
(N2) and heavies (toluene and heptane). Removal of these gases from
natural gas streams are vital in order to meet pipeline specification.
Besides, carbon dioxide (CO2) gas has corrosive property in the
presence of water and it is one of the greenhouse gas [1]. Many
previous researches using membrane for natural gas purifications
has focused on removal acid gases mainly CO:2 [1], [4]-[8]
Nevertheless, other contaminants such as heavy hydrocarbons which
will give various problems when interacting with membrane also
present in natural gas feed. Pre-treatment of the acid gases removes

majority of these hydrocarbons but a significant amount of heavy
hydrocarbons trace still remain during membrane separation [9].

The existence of heavy, condensable hydrocarbons can become
problems for polymeric, asymmetric membranes which can prevail
in natural gas streams [10]. Heavy hydrocarbons can affect CO2
separation with flux and selectivity loss due to its exposure can
become damaging to membrane performances. Moreover, small
amounts of condensable heavy hydrocarbons also can cause
membrane failure and premature aging [10], [11]. Thus, it is
significant to evaluate the performance of membrane material under
these conditions. It was brought to concern in developing a reliable
membrane system for natural gas purification which involves the
influence of such heavy hydrocarbons on the membranes. The needs
to investigate the characterization of the membrane materials arise
in order to understand the impact of such hydrocarbons to the
membrane material. Several methods have been used in natural gas
purifications of acid gas such as liquid desiccant, solid desiccant,
cryogenic distillation, absorption and membrane separation [12] .
However, absorption technology is now commonly method used in
CO:z separation from natural gas. Although this process has matured,
it still has shortcomings such as high occupancy, high equipment
levels, and operational issues for example flooding, channelling, and
foaming [13]

Membranes have been used in large quantities for removal of
CO2, but have the disadvantages of high hydrocarbons loss and
irreversible degradation as a result of CO2-induced plasticization or
physical aging [7]. Membrane is a discrete, thin interface which act
as a selective barrier that control the permeation of chemical species
interact with it. Recently, membrane contactor, a technology that
combines the membrane process with traditional absorption has
emerge as a potential technology for purification of natural gas [1],
[14]. Membrane contactor technology has been used in natural gas
purification because it has an independent control of gas and
absorbent flows, compact modular structure that offers the flexibility
to scale up or down, and higher packing density compare to the
traditional absorption process [1]. In addition, the microporous
membrane functions as a nonselective barrier that allows the liquid
and gases to interact without, however, spreading one phase into the
other, thus can prevent the occurrence of foaming or flooding
problems. Their packaging in hollow-fibre membrane modules
provides a higher mass transfer area compared to traditional packed
columns, which gives membrane contactor a high intensification
potential [15]

Heavy hydrocarbons such as pentane, toluene and hexane are the
main impurities in natural gas and is believed to be one of the reason
of membrane failures and detrimental performance loss [10], [16]. It
was brought to concern in developing a reliable membrane system
for natural gas purification which involves the influence of such
heavy hydrocarbons on the membranes. The needs to investigate the
characterization of the membrane materials arise in order to
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understand the impact of such hydrocarbons to the membrane
material. The objectives for this study are to investigate the effect of
hydrocarbon and impurities towards physical and chemical the
properties of membrane and to investigate the effect of operating
conditions (temperature) toward the robustness of membrane. This
study will focus on effect of toluene and n-hexane exposure to the
membrane and the effect of different temperature of the
hydrocarbons toward the PTFE hollow fibre membrane.

II. METHODOLOGY

A. Materials

The commercialized PTFE hollow fibre (porosity > 40%)
membranes were cut into small pieces (~5g), and then were exposed
to solvents by immersing it into different type of hydrocarbon
chemicals; toluene, C7Hs (R&M., purity > 99%) and n-hexane,
CeHi4 (Merck, purity > 99%) up to six weeks. The membrane also
been exposed to the hydrocarbon solvent at temperature of 70°C,
80°C and 90°C for toluene and 50°C, 60°C and 70°C for n-hexane
for at least 8 hours.

B. Characterizations

1) Fourier transform infrared (FTIR) spectroscopy

Fourier-Transform infrared (FTIR) spectra of before and after
solvent exposure were determined with a Perkin Elmer Spectrum
One spectrometer to study the composition and functional group of
the membrane samples. The samples were examined in
transmittance mode from 500-4000 cm™ [17].

2) Thermogravimetric analysis (TGA)

Thermogravimetric Analysis was conducted to study the
degradation temperature of the membrane and a weight loss curve
(with respect to temperature). A membrane sample of 2-3 g was
loaded into an alumina crucible. TGA test runs were performed
under N2 using a heating rate of 10 °C /min from 50 — 800°C with
heating rate of 10°C/min [12].

3) Microscope

A digital microscope (Olympus BX41PDP72) was used to
analyze the morphology of the hollow fiber membrane. The
membrane sample is glued to the slide by using plasticine.

4) Mercury porosimeter

The membrane pore structure was characterized using the
mercury porosimetry method (Micrometrics Auto Pore IV 9500,
Kromtek Sdn Bhd.). After the PTFE hollow fibre membrane was
placed in the mercury porosimeter chamber, the operating pressure
was increased to fill the pores of the fibre with mercury. The pore
size and porosity were determined from the volume change of
mercury as a function of the operating pressure. The pressure range
between 0-33,000 psia.

5) Tensile strength

The mechanical properties of the membranes were evaluated
using a tensile testing machine (Universal Testing Machine, Tinius
Olsen) with a tensile speed of 50 mm/min, and a load cell of 10 kN.
The Young’s modulus, tensile strength and strain at break were
determined.

II. RESULTS AND DISCUSSION

A. Effects of Solvent Exposure Toward Chemical Stability
of PTFE Hollow Fiber Membrane

Fourier-Transform infrared (FTIR) spectrophotometer is used to
study the composition and functional group of the membrane
sample. The samples were examined in transmittance mode between
500-4000cm’". Fig 1 and Fig 2 show the infrared bands for the PTFE
membrane samples before and after been exposed to toluene and n-
hexane up to six weeks respectively. Based on the figures below, a
broad peak can be observed at around 1203 and 1149 cm™! that can
be indicated as the presence of amine compound with C—N bonds
[12]. The peaks are also caused by CF: and CF; stretching as
mentioned by Hunke, Soin, Shah et al. and Mihaly’, Sterkel, Ortner
etal. [18], [19]. A very weak band at approximately 1365 cm™! can
be traced which belong to aliphatic hydrocarbon as a result of
surface reaction or adsorption [19]. The peaks at 2920 and 2850 cm™
! show the stretching of aliphatic C—H. Similar findings have also
been found from and Mihaly’, Sterkel, Ortner et al. where in this
study the aliphatic C—H stretching can be found at peaks of 2853,
2927, and 2960 cm™! [19] Furthermore, these findings also supported
by a recent study that found the C—H stretching at peak of 2796,
2851, and 2920 cm™' [12]. Peaks at 624 and 637 cm’! show the CF
stretching vibration and bending modes. This also can be supported
as Mihaly’, Sterkel, Ortner et al. in their studies also stated that the
CF stretching vibrations can be found at peaks of 640 and 630 cm’!
[19]. CF2 bending can be found at peak 553 cm™!' [19]. From both
graphs, we can deduce that there are no significant changes on
chemical stability of the PTFE membrane before and after exposure
with different types of hydrocarbons namely toluene and n-hexane.
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Fig 1: IR Spectra of toluene-exposed membrane at different period of
exposure
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Fig 2: IR Spectra of n-hexane-exposed membrane at different period of
exposure
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B. Effect of Solvent Exposure Towards Thermal Stability
of PTFE Hollow Fiber Membrane

The thermal analyses of the membrane were performed using
TGA to determine the decomposition temperature and the weight
loss of the membrane sample as a function of temperature [20]. This
analysis was performed on the PTFE hollow fiber membrane
samples with different solvent exposure. The samples were heated
from 50°C until 800°C at 10°C/min.

Fig 3 and Fig 4 show the weight percent changes as a function of
temperature for toluene and n-hexane exposure respectively. From
both graphs, it shows that as the temperature increases, the weight
loss percent of the membrane decreases. Based on Fig 3, at
temperature between 50 to 500°C, the membranes show a slow
decrement, this situation may be due to moisture content trapped in
the membrane is eliminated [20]. The TGA data decreased
dramatically at temperatures above 500 °C, indicating a change to
the crystalline phase and has begun to decompose as stated by
Husaini et al. [21]. The materials were damaged at temperatures
above 640 °C. It is also observed that as the period of solvent
exposure increases, the weight loss of the membranes increases. For
toluene exposure, the weight percent of the membrane after 24 hours
of exposure is higher than the membrane before exposure.

For membranes that have been exposed to n-hexane solvent, the
same decreasing pattern as the membranes that have been exposed
to toluene is observed. As shown in Fig 4, the resistance to
temperature changes of the PTFE membrane was retained up to
520 °C due to the elimination of moisture [20]. The membranes were
gradually decrease at temperature above 520°C due to crystallization
and degraded at temperatures above 600°C.
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Fig 3: TGA analysis of membrane with toluene exposure at different period
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Fig 4: TGA analysis of membrane with n-hexane exposure at different
period

C. Effect of Solvent Exposure Towards Morphology of
PTFE Hollow Fiber Membrane

Digital geology microscope is used to observe the morphology of
the membrane samples. Fig 5 and Fig 6 show the image of the cross-
section and surface of the membrane samples under microscope at
200p magnification before and after been exposed to toluene and
hexane for different period of exposure respectively. As shown in
the figure, the wall thickness of the membrane has reduced slightly
over time when compared with raw membrane before exposed.
These findings are similar to Hodgkies, Hanburry, Law et al. where
the exposure of the membrane to the hexane causes the membrane
suffered damage which will reduce the flux of the membrane [22].
As can be observed, the membrane that has been exposed with
toluene has bigger reducing in terms of wall thickness compare to
membrane exposed to n-hexane. As mentioned by Scholes, Stevens,
and Kentish, the possible explanation for this finding is toluene has
a greater diffusion coefficient in polymeric membrane because of'its
smaller critical volume compared to hexane which allows it to more
easily penetrate into the membrane morphology [23].

Fig 5: The image of membrane samples exposed with toluene under
microscope. (a) raw membrane, (b) 24 hours, (c) 1 week, (d) 3 weeks, (¢) 6
weeks
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Fig 6: The image of membrane samples exposed with n-hexane under
microscope. (a) raw membrane, (b) 24 hours, (c) 1 week, (d) 3 weeks, (e) 6
weeks

D. Effect of Solvent Exposure Towards Porosity of PTFE
Hollow Fiber Membrane

A mercury porosimeter is used to determine the pore size of the
membrane samples. Table 1 shows the porosity of the membrane
samples after been exposed to toluene and n-hexane solvent for
different period of exposure. It was found that such exposure caused
significant decreases in membrane that has been expose to toluene
but moderate decreases in n-hexane. The porosity reduced from
57.76% to 36.23% after has been exposed for 24 hours. It then later
decreased to 35.5%, 32.77% and 31.31% at exposure time of 1 week,
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3 week, and 6 weeks respectively. On the other hand, the porosity of
the membrane reduced from 57.76% to 44.51%, 35.19 and 30.82%
when the immersing time increases to 24-hour, 1 week and 3 weeks
respectively. After 3 weeks, the membrane porosity has no
significant changes where it decreases gradually from 30.82% to
30.75%. Nogalska et al mentioned that a high porosity in membrane
is good for the flux [24] and gives a high interfacial area between
phases available for the mass transport [25] unfortunately they can
contribute to the membrane wetting which are a major concern in
membrane process [24]. Furthermore, a study conducted by Khaisri
et al. on the effects of membrane porosity in two different modules
with porosity of 23% and 40% for desorption performance found
that the module with high membrane porosity (40%) produced a
high desorption rate however after it was carried out at long hour
operation, the performance of the membrane reduced which is due
to the wetting problem [26]. Lu et al, also stated in their study high
porosity membrane encourages pore wetting significantly compares
to a lower porosity membrane [27]. Thus, increasing the time for
exposure will decrease the porosity of the membrane which in turn
will reduced the performance of the membrane. The reduced in
porosity of the membrane can best be explained based on the
thinning of the walls of the hollow fiber membrane.

Table 1: Porosity of membrane sample at different period of exposure

S | Toluene n-Hexane
ample Porosity Porosity

Raw 57.76 57.76

24 Hour 36.23 44,51

1 Week 35.50 35.19

3 Weeks 32.77 30.82

6 Weeks 31.31 30.75

E. Effect of Solvent Exposure Towards Mechanical
Strength of PTFE Hollow Fiber Membrane

Tensile strength is used to measure the membranes ability to
withstand a stress applied to it. Table 2 shows the mechanical
properties of the membrane after has been exposed in toluene and n-
hexane for a different period. It was found that as the solvent
exposure time increases, the tensile strength and the initial Young’s
modulus decrease. The tensile strength decreases from 24.1 MPa to
15.1 and 8.33 MPa when exposed to toluene at 24 hours and 1 week
respectively. Furthermore, for membrane that has been exposed to
n-Hexane, the tensile strength shows a similar result as with toluene
where it decreases with the increasing of the solvent exposure time.
The tensile strength reduced from 24.1 MPa before exposure to 17.8
MPa after 24 hours exposure and reduced greatly to 5.63 MPa after
1 week of exposure. The decreasing of tensile strength may be due
to the weaker interaction within membrane molecules where the
increase in solvent exposure time, making more solvent penetrate
into the membrane pores causing the intermolecular interaction
between PTFE molecules weaker thus decreasing the membrane
mechanical strength [28]. Besides, the alteration of membrane
morphology as can be seen in Section C where the thickness of the
membrane wall decreasing causing the tensile strength to decrease
as well. These results are similar to the study done by Tsai, Huang,
Ruaan, et al., [29]

On top of that, it was found that the initial Young’s modulus also
decreased with an increase of solvent exposure time. Young's
modulus is a measure of the stiffness of a material, and it is defined
as the ratio of stress to strain. For toluene-exposed membrane, the
Young’s modulus reduced gradually from 306 MPa to 193 and 151
MPa after 24 hour and 1 week of exposure respectively. Also, for
membrane that has been exposed to n-hexane, the same trend can be
seen where the Young’s modulus decreased from 306 MPa before
exposure to 217 and 169 MPa after exposure for 24 hour and 1 week

respectively. As stated by Mohamed, Hasbullah, Jamian et al., the
possible reason for the decreasing of the initial Young’s modulus is
because the membrane elasticity increases and thus decrease its
brittleness [28].

Table 2: Mechanical strength of membrane samples after has been exposed
to toluene and n-hexane at different period

Toluene n-Hexane

Sample 24 24

Raw Hour 1 Week Hour 1 Week
Tensile
Strength (MPa) 24.1 15.1 8.33 17.8 5.63
Strain at Break 529 433 30 6k 163
(%)
Young’s
Modulus (MPa) 306 193 151 217 169

F. Effect of Temperature Towards Chemical Stability of
PTFE Hollow Fiber Membrane

Fig 7 show the IR Spectra of the membrane before and after been
exposed with toluene and n-hexane at different temperature. Each
sample have been exposed to the solvent at different temperature for
a minimum of 8 hours. Based on the figure below, a similar trend as
in section A has been observed. A broad peak can be observed at
around 1203 and 1149 cm™! that can be indicated as the presence of
amine compound with C—N bonds [12]. The peaks are also caused
by CF2 and CF3 stretching as mentioned by Hunke, Soin, Shah et al.
and Mihaly’, Sterkel, Ortner et al. [18], [19]. A very weak band at
approximately 1365 ¢cm’!' can be traced which belong to aliphatic
hydrocarbon as a result of surface reaction or adsorption [19].

The peaks at 2920 and 2850 cm™! show the stretching of aliphatic
C—H. Similar findings have also been found from and Mihaly’,
Sterkel, Ortner et al. where in this study the aliphatic C—H
stretching can be found at peaks of 2853, 2927, and 2960 cm' [19]
Furthermore, these findings also supported by a recent study that
found the C—H stretching at peak of 2796, 2851, and 2920 ¢cm’!
[12]. Peaks at 624 and 637 cm™! show the CF stretching vibration
and bending modes. This also can be supported as Mihaly’, Sterkel,
Ortner et al. in their studies also stated that the CF stretching
vibrations can be found at peaks of 640 and 630 cm™ [19]. CF2
bending can be found at peak 553 cm™' [19]. From both graph, it can
be seen that exposure to hydrocarbons at different temperature did
not have significant change on the chemical stability of the
membrane.
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Fig 7: IR Spectra of membrane with toluene and n-hexane exposure at
different temperature
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G. Effect of Temperature Towards Thermal Stability of
PTFE Hollow Fiber Membrane

Fig 8 and Fig 9 show the weight percent changes as a function of
temperature for toluene and n-hexane exposure at different
temperature respectively. From both graphs, it shows that as the
temperature increases, the weight loss percent of the membrane
decreases. As shown in Fig 8, the membrane shows a slow
decrement at temperature of 50°C to 520°C, which the reasoning
behind this is the same as in Section B of this paper where it is due
to the elimination of the trapped moisture content in the membrane
[20], [30] and reduced promptly at temperature above 520°C due to
the change in crystallinity phase [21]. The membranes were
damaged at temperature of 620°C.

On the other hand, for the membrane that has been exposed to n-
hexane, the resistance to temperature changes of the PTFE
membrane was retained up to 500 °C due to the elimination of
moisture [20] as shown in Fig 9. The membranes were gradually
decrease at temperature above 500°C due to crystallization and
degraded at temperatures above 600°C. It was found that as the
temperature of exposure increases, the weight percent decreases
which similar to previous study [30].
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Fig 8: TGA analysis of membrane with toluene exposure at different
temperature
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Fig 9: TGA analysis of membrane with toluene exposure at different
temperature

H. Effect of Temperature Towards Morphology of PTFE
Hollow Fiber Membrane

Fig 10 shows the image of the cross-section and surface of the
membrane samples under microscope at 500u magnification before
and after been exposed to toluene and hexane at different
temperature of exposure. As shown in the figure, there is no
significant changes on the thickness of the membrane wall or the
diameter of the membrane samples. The same result can be found
from Hodgkiess et al. where no clear evidence of the mechanisms of

damage brought about by exposure to the hydrocarbon were
obtained [22]. This may be due to the exposure time of the
membrane at different temperature is too short for the solvent to
absorbed into the membrane structure.

Fig 10: The image of membrane samples exposed with hydrocarbons under
microscope. (a) raw membrane, (b) 70°C toluene, (c) 80°C toluene, (d) 90°C
toluene, (e) 50°C n-hexane, (f) 60°C n-hexane,

(g) 70°C n-hexane,

1. Effect of Temperature Towards Porosity of PTFE
Hollow Fiber Membrane

The porosity of membrane samples after has been exposed to
toluene and n-hexane at different temperatures is shown in Table 3.
For membrane that has been exposed to toluene, the porosity of the
membrane samples plummet from 57.76% to 33.59% before
exposed to toluene and after has been exposed to toluene at 70°C for
8 hours respectively. The porosity did not change significantly when
the temperature of the toluene solvent increase to 80°C where it only
decreased from 33.59% to 33.58%. At temperature 90°C, a similar
trend where minimal changes are observed when the porosity on
reduced to 33.24% from 33.58% at 80°C. Thus, the porosity of the
membrane samples decreases as the temperature increases for both
solvents. According to Feng, Zhong, Wang et al., the heating process
melted the membrane surface and thus resulted in a decrease
porosity of the membrane [31]. These results were comparable to
previous studies by Wang et al. [32].

As for membrane samples that has been exposed to n-hexane, a
similar trend can be observed as the membrane exposed to toluene
where the porosity of the membrane decreased with the increase of
temperature. The porosity drops from 57.76% to 37.14% after has
been exposed to n-hexane at 50°C before decrease slightly at
temperature of 60°C and 70°C. the reason behind the decreasing of
the porosity is the same as has been mentioned earlier [31].

Table 3: Porosity of membrane at different temperature

Sample Toluepe n—Hexgne
Porosity Porosity
Raw 57.7630 57.7630
50°C - 37.1411
60°C - 36.7403
70°C 33.5933 36.3934
80°C 33.5890 -
90°C 33.2398 -
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J. Effect of Temperature Towards Mechanical Strength of
PTFE Hollow Fiber Membrane

The mechanical properties of the PTFE membrane samples after
has been exposed to toluene and n-hexane at different temperature
is shown in Table 4. It was found that the tensile strength of the
membrane decreased with an increase of temperature for both
toluene and n-hexane exposure. The tensile strength decreases
significantly from 24.1 MPa to 8.09 MPa when high temperature is
introduced for toluene exposed membrane while it reduced from
24.1 MPa to 8.57 MPa in n-hexane exposed membrane.

These trends are similar as Section E where the membranes are
exposed to the solvent at different time of exposure. A similar result
can be obtained from Tabatabaei, Carreau, and Ajji [33]. As
indicated by Reyna-Valencia, Kaliaguine, and Bousmina in their
study, solvent molecules plasticize polymeric chains, increasing
their segmental mobility and affecting drastically their mechanical
strength [34]. Besides, the Young’s modulus also decreases when
the temperature increase. The explanation for this finding is the same
as mentioned earlier where the increased of membrane elasticity
which in turn causing the membrane brittleness to decrease causing
the Young’s modulus to decrease [28].

Table 4: Mechanical properties of the membrane at different temperature of

toluene and n-hexane exposure

Sample Toluene n-Hexane

Raw  70°C _ 80°C  90°C 50°C_ 60°C_ 70°C
Tensile
Strength  24.1 177 115  8.09 16.1 9.83 8.57
(MPa)
Strain at
Break 522 459 237 240 46.9 23.5 29.3
(%)
Young’s
Modulus 306 265 151 989 286 222 201
(MPa)

IV. CONCLUSION

The effect of heavy hydrocarbons on chemical stability, thermal
stability, morphology, porosity and mechanical strength of the PTFE
hollow fiber membrane has been studied under different period of
exposure and operating condition (temperature). As the exposure
time increases, the chemical stability of the membrane does not
show any changes, while the thermal stability increases. The wall
thickness of the membrane slightly decreases while tensile strength
increases due to the weaker intermolecular interaction between
PTFE molecules weaker thus decreasing the membrane mechanical
strength. The increase of temperature of the solvent exposure does
not bring any changes to chemical stability and morphology of the
membrane due to the short time of exposure. On top of that, the
thermal, porosity and mechanical strength of the membrane
decreases as the temperature of exposure increases.

ACKNOWLEDGMENT

I would like to thank my parents, my supervisor, Dr Nur Hidayati
Binti Othman, Faculty of Chemical Engineering UiTM Shah Alam,
and PETRONAS Research Sdn Bhd for providing financial and
technical support for me to complete this research.

References

[1] G. Kang, Z. P. Chan, S. B. M. Saleh, and Y. Cao,
“Removal of high concentration CO2from natural gas
using high pressure membrane contactors,” Int. J. Greenh.
Gas Control, vol. 60, pp. 1-9, 2017.

[2] S. Faramawy, T. Zaki, and A. A. E. Sakr, “Natural gas
origin, composition, and processing: A review,” J. Nat.

(8]

9]

[10]

[11]

[13]

[14]

(18]

[19]

Gas Sci. Eng., vol. 34, no. July, pp. 34-54, 2016.

V. Ramanathan and Y. Feng, “Air pollution, greenhouse
gases and climate change: Global and regional
perspectives,” Atmos. Environ., vol. 43, no. 1, pp. 37-50,
2009.

J. Xu, H. Wu, Z. Wang, Z. Qiao, S. Zhao, and J. Wang,
“Recent advances on membrane-based gas separation
processes for CO2separation,” Chinese J. Chem. Eng., no.
xxxx, 2018.

S. Rajabzadeh, S. Yoshimoto, M. Teramoto, M. Al-
Marzougqi, and H. Matsuyama, “CO2absorption by using
PVDF hollow fiber membrane contactors with various
membrane structures,” Sep. Purif. Technol., vol. 69, no. 2,
pp- 210-220, 2009.

V. Y. Dindore, D. W. F. Brilman, P. H. M. Feron, and G.
F. Versteeg, “CO2absorption at elevated pressures using a
hollow fiber membrane contactor,” J. Memb. Sci., vol.
235, no. 1-2, pp. 99-109, 2004.

J. K. Adewole, A. L. Ahmad, S. Ismail, and C. P. Leo,
“Current Challenges in Membrane Separation of CO2
from Natural Gas: A Review,” Int. J. Greenh. Gas
Control, vol. 17, pp. 46—65, 2013.

H. Ahmadi, S. A. Hashemifard, and A. F. Ismail, “A
research on CO2removal via hollow fiber membrane
contactor: The effect of heat treatment,” Chem. Eng. Res.
Des., vol. 120, pp. 218-230, 2017.

I. C. Omole, D. A. Bhandari, S. J. Miller, and W. J. Koros,
“Toluene impurity effects on CO2 separation using a
hollow fiber membrane for natural gas,” J. Memb. Sci.,
vol. 369, no. 1-2, pp. 490498, 2011.

D. Q. Vu, W. J. Koros, and S. J. Miller, “Effect of
Condensable Impurities in CO 2 /CH 4 Gas Feeds on
Carbon Molecular Sieve Hollow-Fiber Membranes,” Ind.
Eng. Chem. Res., vol. 42, no. 5, pp. 1064—1075, 2003.

R. Hasan, C. A. Scholes, G. W. Stevens, and S. E.
Kentish, “Effect of Hydrocarbons on the separation of
carbon dioxide from methane through a polyimide gas
separation membrane,” Ind. Eng. Chem. Res., vol. 48, no.
11, pp. 5415-5419, 2009.

N. Jusoh, K. K. Lau, A. M. Shariff, and Y. F. Yeong,
“Capture of bulk CO2 from methane with the presence of
heavy hydrocarbon using membrane process,” Int. J.
Greenh. Gas Control, vol. 22, pp. 213-222,2014.

N. A. Rahim, N. Ghasem, and M. Al-marzougqi,
“Absorption of CO2 from natural gas using different
amino acid salt solutions and regeneration using hollow
fiber membrane contactors,” J. Nat. Gas Sci. Eng., vol. 26,
pp. 108-117, 2015.

P. S. Kumar, J. A. Hogendoorn, P. H. M. Feron, and G. F.
Versteeg, “New absorption liquids for the removal of
CO2from dilute gas streams using membrane contactors,”
Chem. Eng. Sci., vol. 57, no. 9, pp. 1639-1651, 2002.

Z. Cui and D. Demontigny, “Part 7 : A review of CO 2
capture using hollow fiber membrane contactors,” Carbon
Manag., no. April 2014, pp. 69-89, 2016.

M. Al-Juaied and W. J. Koros, “Performance of natural
gas membranes in the presence of heavy hydrocarbons,” J.
Memb. Sci., vol. 274, no. 1-2, pp. 227-243, 2006.

A. Ghaee, A. Ghadimi, B. Sadatnia, A. F. Ismail, Z.
Mansourpour, and M. Khosravi, “Synthesis and
characterization of poly(vinylidene fluoride) membrane
containing hydrophobic silica nanoparticles for
CO2absorption from CO2/N2using membrane contactor,”
Chem. Eng. Res. Des., vol. 120, pp. 47-57, 2017.

H. Hunke et al., “Low-Pressure H 2 , NH 3 Microwave
Plasma Treatment of Polytetrafluoroethylene (PTFE)
Powders: Chemical, Thermal and Wettability Analysis,”
pp. 2258-2275,2015.

J. Mihaly, S. Sterkel, H. M. Ortner, L. Kocsis, and L.
Hajba, “FTIR and FT-Raman Spectroscopic Study on
Polymer Based High Pressure Digestion Vessels,” Croat.



FATIN NURATHIRA BINTI MOHAMAD TAWFIK (BACHELOR OF ENGINEERING (HONS) CHEMICAL)

Chem. Acta, vol. 79, no. 3, pp. 497-501, 2006.

[20] W. A. Rahman, “Formation and Characterization of
Mixed Matrix Composite Materials For Efficient Energy
Gas Separation,” Univ. Teknol. Malaysia, Malaysia, 2006.

[21] T. Husaini, W. R. W. Daud, Z. Yaakob, and E. H. Majlan,
“Preparation and characterization of low temperature
PTFE-Nafion composite membranes for hydrogen
production,” Int. J. Hydrogen Energy, vol. 40, no. 32, pp.
10072-10080, 2015.

[22] T. Hodgkiess, W. T. Hanbury, G. B. Law, and T. Y. Al-
Ghasham, “Effect of hydrocarbon contaminants on the
performance of RO membranes,” Desalination, vol. 138,
no. 1-3, pp. 283-289, 2001.

[23] C. A. Scholes, G. W. Stevens, and S. E. Kentish, “Impact
of Heavy Hydrocarbons on Natural Gas Sweetening Using
Perfluorinated Polymeric Membranes,” Ind. Eng. Chem.
Res., vol. 55, no. 28, pp. 7696-7703, 2016.

[24] A. Nogalska, A. Trojanowska, and R. Garcia-Valls,
“Membrane contactors for CO2capture processes - critical
review,” Polym. Eng., pp. 349-359, 2017.

[25] A. Criscuoli, “Membrane contactors,” pp. 1-21, 2013.

[26] S. Khaisri, D. deMontigny, P. Tontiwachwuthikul, and R.
Jiraratananon, “Comparing membrane resistance and
absorption performance of three different membranes in a
gas absorption membrane contactor,” Sep. Purif. Technol.,
vol. 65, no. 3, pp. 290-297, 2009.

[27] J. G. Lu, Y. F. Zheng, and M. D. Cheng, “Wetting
mechanism in mass transfer process of hydrophobic
membrane gas absorption,” J. Memb. Sci., vol. 308, no. 1—
2, pp. 180-190, 2008.

[28] F. Mohamed et al., “Morphological investigation of
poly(Lactic acid) asymmetric membrane,” J. Eng. Sci.
Technol., vol. 10, pp. 1-8, 2015.

[29] H. A. Tsai, D. H. Huang, R. C. Ruaan, and J. Y. Lai,
“Mechanical properties of asymmetric polysulfone
membranes containing surfactant as additives,” Ind. Eng.
Chem. Res., vol. 40, no. 25, pp. 5917-5922, 2001.

[30] R. B. Saffarini, B. Mansoor, R. Thomas, and H. A. Arafat,
“Effect of temperature-dependent microstructure
evolution on pore wetting in PTFE membranes under
membrane distillation conditions,” J. Memb. Sci., vol.
429, pp. 282-294, 2013.

[31] S. Feng, Z. Zhong, Y. Wang, W. Xing, and E. Drioli,
“Progress and perspectives in PTFE membrane:
Preparation, modification, and applications,” J. Memb.
Sci., vol. 549, no. October 2017, pp. 332-349, 2018.

[32] F. Wang et al., “Physical modification of
polytetrafluoroethylene flat membrane by a simple heat
setting process and membrane wetting remission in
SGMD for desalination,” Desalination, vol. 354, pp. 143—
152,2014.

[33] S. H. Tabatabaei, P. J. Carreau, and A. Ajji, “Effect of
processing on the crystalline orientation, morphology, and
mechanical properties of polypropylene cast films and
microporous membrane formation,” Polymer (Guildyf).,
vol. 50, no. 17, pp. 4228-4240, 2009.

[34] A. Reyna-Valencia, S. Kaliaguine, and M. Bousmina,
“Tensile mechanical properties of sulfonated poly(Ether
Ether Ketone) (SPEEK) and BPO4/SPEEK membranes,”
J. Appl. Polym. Sci., vol. 98, no. 6, pp. 2380-2393, 2005.



	I. INTRODUCTION
	II. METHODOLOGY
	A. Materials
	B. Characterizations
	1) Fourier transform infrared (FTIR) spectroscopy
	2) Thermogravimetric analysis (TGA)
	3) Microscope
	4) Mercury porosimeter
	5) Tensile strength


	III. RESULTS AND DISCUSSION
	A. Effects of Solvent Exposure Toward Chemical Stability of PTFE Hollow Fiber Membrane
	B. Effect of Solvent Exposure Towards Thermal Stability of PTFE Hollow Fiber Membrane
	C. Effect of Solvent Exposure Towards Morphology of PTFE Hollow Fiber Membrane
	D. Effect of Solvent Exposure Towards Porosity of PTFE Hollow Fiber Membrane
	E. Effect of Solvent Exposure Towards Mechanical Strength of PTFE Hollow Fiber Membrane
	F. Effect of Temperature Towards Chemical Stability of PTFE Hollow Fiber Membrane
	G. Effect of Temperature Towards Thermal Stability of PTFE Hollow Fiber Membrane
	H. Effect of Temperature Towards Morphology of PTFE Hollow Fiber Membrane
	I. Effect of Temperature Towards Porosity of PTFE Hollow Fiber Membrane
	J. Effect of Temperature Towards Mechanical Strength of PTFE Hollow Fiber Membrane

	IV. Conclusion
	Acknowledgment


