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ABSTRACT

The aim of this study is to evaluate the effects of absorbent flow rate on CO, absorption through
a super hydrophobic hollow fiber contactor. The absorbent used in this study was a physical
absorbent, namely a polyethyleneglycol-300 (PEG-300) solution. Meanwhile, the feed gases
used in the experiments were pure CO, and a mixture of 30% CO, and 70% CH,. Gas
absorption using a physical absorbent provides various benefits; for example, it can produce
sufficiently high selectivity towards CO; and it is less corrosive than chemical solvents. Three
super hydrophobic hollow fiber contactors, each 6 cm in diameter and 25 cm in lengthconsist of
1000, 3000 and 5000 fibers, respectively, were used in this study. The type ofsuper
hydrophobic fiber membrane used was polypropylene-based, with an outer and inner diameter
of about 525 and 235 um, respectively. During the experiments, the absorbent was flowed
through the lumen fibers, whilst the feed gas flowed through the shell side of the membrane
contactors. The experimental results showed that the mass transfer coefficient, the flux, and the
absorption efficiency increased, but the CO; loading decreased, with increasing absorbent flow
rate in the membrane contactor. Meanwhile, it was found that an increase in the number of
fibers in the membrane contactor, in general, will increase the absorption efficiency and the
CO;, loading, but will decrease the overall mass transfer coefficient and the flux.

Keywords:Absorption efficiency; Flux; Mass transfer coefficient; Physical absorbent;
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1. INTRODUCTION

Natural gas, in addition to containing hydrocarbon compounds, contain impurities, such as CO»,
H.S, N, and water. CO, is the impurity that will be the focus of this study. The presenceof CO
can reduce the heating value of natural gas and can cause corrosion in the pipe lines; assuch,
CO,must be removed from natural gas. This is usually achieved through absorption in the
absorption column or tower, which has some disadvantages, such as entrainment, flooding,
unloading and foaming (Yeon et al., 2005). One alternative process that can be used to avoid
the disadvantages that occurs in columns or towers for gas-liquid contactis a membrane process
(Freeman et al., 2014).Because of the importance of this CO, gas separation process, various
alternative shave been created through the modification of membrane technology, for example
hydrophobic hollow fiber membrane contactors(Rajabzadeh et al., 2009). In addition to low
operating costs, the hollow fiber membrane gas-liquid contactor has a larger contact area per
unit volume than conventional gas-liquid contactors, such as column and tower contactors. By
using hydrophobic membrane contactors,problems such as flooding, entertainment and
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unloading, which occur when using conventional methods, can be eliminated as the gas and
liquid flow ratescan be varied freely.

Many studies have been conducted both experimentally and theoretically on the absorption of
CO; gas from various gas mixtures using various membrane and solvent materials in membrane
contactors. These include: the use of polypropylene membranes and polytetraflorethylene
membranes for CO, gas absorption(Tontiwachwuthikul & Chakma, 2006); gas-liquid contact
via membrane contactor (Dindore et al., 2005); modeling the absorption of CO, through the
membrane contactor either at low pressure or at high pressure(Dindore et al., 2004); and the
selection of solvents for CO, removal processes through membrane contactors (Dindore et
al.,2004). Based on the results of these studies, it is shown that it is very important to select the
type of solvent and the membrane material carefully in order to maximize the efficiency of the
process and to ensure that the solvent used to absorb CO, gas does not wet the membrane. The
some of the results also suggest that the mass transfer resistance in the liquid phase is the
dominant resistance to the mass transfer of CO, from the gas phase to the liquid phase.

This study will evaluate the influence of the solvent flow rate on the mass transfer coefficient,
flux, and absorption efficiency in the CO, absorption process from its mixture with CH4 or N,
through the super hydrophobic membrane contactor using polyethylene glycol (PEG) solution
as an absorbent. PEG is a physical solvent that can provide the advantagesof high selectivity
and permeability to CO,(Anda Lucia & Adiwar, 2011), requiring low power consumption for
the solvent circulation, and being less corrosive than chemical solvents such as amines.
Physical solvents such as PEG have been favored in the absorption process because of their
natural affinity for acid gases (Daveet al., 2016).

2. MATERIALS AND METHODS

A schematic diagram of the experimental set up used in this study is shown in Figure 1, which
has been reported elsewhere (Kartohardjono et al., 2016; Kartohardjono et al., 2017). The super
hydrophobic hollow fiber membrane contactors used were supplied by PT GDP Filter Bandung.
There were three contactors, each with a diameter of 6 cm and a length of 25 cmconsisting of
1000, 3000 and 500 fibers, respectively. The super-hydrophobic fiber polypropylene-based
membrane used had an outer and inner diameter of 525 and 235 pm, respectively. Feed gas
containing pure CO; or a mixture of CO; and CH, (36:64) was sent to the membrane contactor
in the shell side, whilst PEG solution (5% vol.) was pumped to the membrane contactor in the
lumen fiber. The feed gas and absorbent flow rates were measured using Sierra Top Trak
Instrumentsmass flow meter and a Krohne liquid flow meter, respectively. Meanwhile, a gas
chromatography instrument, the Bruker Scion 436-GC, was used to measure inlet and outlet gas
compositions.

Figure 1 Schematic diagram of experimental set up: (1) Feed gas tank;(2) Needle valve;(3) Mass
flow meter;(4) Hollow fiber membrane contactor;(5) Mass flow meter;(6) Absorbent reservoir;(7)
Pump;(8) Liquid flow meter;(9) Outlet absorbent tank
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The overall mass transfer coefficient, Koy, and CO, absorption efficiency, %R, were
calculated using the following equations (Wang et al., 2004):

Q in Cin
KOVL = AGm In (m) (1)
%R = “0 x100% (2)

Meanwhile, the CO, flux through the membrane contactor, J, (Kartohardjono et al., 2017) and
acid loading were calculated as follows:

] = (QiGin - QiGout) * RT/Am (3)
. . mol CO2 Absorbed
Acid Loading = — 4)

where Qgin, Qcout, Am, Cin and Cqy are the inlet and outlet gas flow rates, membrane surface
area, and CO; concentrations in inlet and outlet gas, respectively. Meanwhile,R and T are the
ideal gas constant and temperature, respectively.

3. RESULTS AND DISCUSSION

Figure 2 shows the effect of absorbent flow rate on the CO, overall mass transfer coefficient
through the membrane contactors. As demonstrated in the figure, for both feed gases, the mass
transfer coefficient increased with an increase in the absorbent flow rate in the lumen fiber of
the contactor. This effect is due to increasing turbulence in the solvent boundary layer
associated with the higher solvent flow rate whichcauses a reductionin resistance to CO,
transfer through the membrane contactor (Franco et al., 2008). Similar trends were also found
by Kim and Yang (2000) and (Scholes et al.,2012). In this study, the mass transfer coefficient
increased from 1.6 to 4.5x10° cm.s*when the liquid flow rate increased from 100 to500
ml.min™. Meanwhile, Kim and Yang (2000) reported that the mass transfer coefficient
increased from 1.1 to 2.2x10cm.s when the absorbent flow rate increased from 10 to 130
ml.min™"using 4 wt.% 2-amino-2-methyl-l-propanol (AMP) as an absorbent and feed gas
containing a mixture of 40% CO,and 60% N..
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Figure 2 The CO, overall mass transfer coefficient, Koy, using 5 vol.% PEG solution as an
absorbent on the lumen side and pure CO, (p1000, p3000 and p5000) or a mixture of CO,-CH,
(CH,4-1000, CH,4-3000 and CH,4-5000) on the shell side of the contactors containing 1000, 3000

and 5000 fibers
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Moreover, Scholes et al. (2012)demonstrated that the mass transfer coefficient increased from
3.8x10° to 1.5x10™* cm.s*when the absorbent flow rate increased from 3 to 28 ml.min™ using
30 wt.% K,COg3 as an absorbent and feed gas containing a mixture of 10% CO,and 90% No.
Figure 2 also shows the effect of the number of fibers in the membrane contactor on the CO,
overall mass transfer coefficient for both feed gases. The overall mass transfer coefficient
increased with an increase in the amount of fibers in the membrane contactor for pure CO, feed
gas, but decreased for CO,-CH, feed gas. This finding indicates that the effect of surface area is
more dominant in the pure CO, gas system, whilst the effect of absorbent flow rate is more
dominant in the CO,-CH, system.

Figure 3 shows the effect of absorbent flow rate on the CO, flux through the membrane
contactors. Similarly, to the overall mass transfer coefficient, the CO, flux increased with an
increase in the absorbent flow rate in the lumen fiber of the contactor for both feed gases, due to
increasing turbulence in the solvent boundary layer. Similar trendswere also demonstrated by
Yan et al. (2007) and Wang et al. (2005). In this study, the CO, flux increased from 7.3x10 to
4.52.1x10° mmol.cm™?.swhen the liquid flow rate increased from 100 to 500 ml.min™.
Additionally, Yan et al. (2007) reported that the CO, flux increased from 0.8 to 1.0 mol.m™?.h"
Ywhen the absorbent velocity increased from 0.025 to 0.1 m.s* using a 3M MDEA solution as
an absorbent and feed gas containing a 14 vol.% mixture of CO, with O, and N,. Meanwhile,
Wang et al. (2005) reported that the CO, flux increased from 3.0 to 8.0x10™ mol.m2.swhen
the absorbent flow rate increased from 0.03 to 0.09 m.s™ using a 2 M DEA solution as an
absorbent and feed gas containing a mixture of 20% CO,and 80% N,. Similarly, to the overall
mass transfer coefficient, the CO,flux increased with an increase in the amount of fibers in the
membrane contactor for pure CO, feed gas, due to the dominance of the surface area effect, but
decreased for CO,-CHj, feed gas, due to the dominance of the absorbent flow rate effect.
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Figure 3 The CO; flux, J, using 5 wt.% PEG solution as an absorbent on the lumen side and pure
CO, (p1000, p3000 and p5000) or a mixture of CO,-CH,4 (CH,-1000, CH,4-3000 and CH,-5000)
on the shell side of the contactors containing 1000, 3000 and 5000 fibers

The effect of the absorbent flow rate on CO, absorption efficiency, %R, is shown in Figure 4.
The CO, absorption efficiency increased with an increase in the absorbent flow rate in the
membrane contactor, due to increasing turbulence in the absorbent boundary layer
(Kartohardjono et al., 2017). Similar trendswere also reported in previous studies
byKartohardjono et al. (2017) and Faiz and Marzougi (2010). In this study, the CO, absorption
efficiency, using a 5 vol.% PEG as an absorbent, increases from 8.1 to 14.6% for pure CO,, and
from 4.7 to 12.4% for the mixture of CO, and CH, (36:64),when the absorbent flow rate
increases from 100 to 500 ml.min™. The study conducted byKartohardjono et al. (2017)found
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that CO,absorption, using a 5 vol.% DEA solution as an absorbent, increases from 54.2—81.4%
for a mixture of CO, and CH,4 (36:64) when the absorbent flow rate increases from 100 to
500ml.min™. Meanwhile, Faiz and Marzougi (2010) reported that CO, absorption, using water
as an absorbent, increases from 2.0 to 3.6% when the absorbent flow rate increases from 100 to
500 ml.min™. The CO, absorption efficiency also increases with increasing amounts of fiber in
the membrane contactor; this is because the surface area for gas-liquid contact also increases.
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Figure 4 The CO, absorption efficiency, %R, using 5 wt.% PEG solution as an absorbent on the
lumen side and pure CO, (p1000, p3000 and p5000) or a mixture of CO,-CH, (CH,4-1000, CH,-
3000 and CH,4-5000) on the shell side of the contactors containing 1000, 3000 and 5000 fibers

Figure 5 shows the effect of absorbent flow rate on the CO; loading in the membrane contactor.
The CO, loading is defined as the amount of CO, absorbed per mole of absorbent introduced
through the membrane contactor. For example, in the conventional column, the ideal CO;
loading, using an amine solution as an absorbent, is 0.5 according to the equation below:

49 oC
2RNH, + CO, + Hy0 — (RNHy),H,CO5 (5)

The CO, loading in this study decreases with increasing absorbent flow rate; this is due to the
reduced absorbent residence time in the lumen fiber. Meanwhile, CO; loading increases with
increasing amounts of fiber in the contactor,as a result of the increase in the surface area for the
gas-liquid contact.
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Figure 5 The CO; loading using 5 wt.% PEG solution as an absorbent on the lumen side and pure
CO, (p1000, p3000 and p5000) or a mixture of CO,-CH,4 (CH,-1000, CH,;-3000 and CH,4-5000)
on the shell side of the contactors containing 1000, 3000 and 5000 fibers
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4. CONCLUSION

The membrane-based gas-liquid contactor is a suitable alternative technology for CO,
absorption from natural gas. Hydrophobicity is one of important properties of the membrane
that prevents it being wetted by the absorbent solution. The super hydrophobic hollow fiber
membrane contactors were utilized in this study to absorb CO, using 5 vol.% PEG as an
absorbent. The experimental results showed that the mass transfer coefficient, flux and
absorption efficiency increased, but CO; loading decreased, with increasing absorbent flow
rate. The numbers of fibers in the contactor had different effects on mass transfer coefficient,
flux and absorption efficiency. In general, the mass transfer coefficient and flux, at the same
absorbent flow rate, decreased with increasing numbers of fibers in the membrane contactor.
Meanwhile, the absorption efficiency and CO, loading, at the same absorbent flow rate,
increased with increasing numbers of fiber in the membrane contactor.
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