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Abstract

The aim of this work is to develope polysulfone membranes with high selectivity
and permeability for separation of CO, / CH, gas using Dry/Wet Phase Inversion technique. The
effects of evaporation time of solvents in air, coagulation of bath temperature and concentration
of ethanol in the polymer solution on the gas selectivity were studied. The result showed that the
optimum condition for gas selectivity of CO,/CH, was the evaporation time, coagulation bath
temperature and ethanol concentration added in casting solution of 120s, 10°C and 15.9%,
respectirely. However, due to the inverse relationship of the selective value with the permeability,
when the properties of the gas are increased, the gas permeability decreases. The membrane has
been modified by irradiating with plasma in order to enhance the hydrophilic properties of the
membrane surface. Due to its hydrophilic nature, CO, can be better than CH,, resulting in better
permeability of CO, gas through the membrane. Therefore, the improvement of the membrane
using the Dry/Wet Phase Inversion technique combined with the plasma technique can increase
the selectivity through the permeability of the gas. But the hydrophilic property on the surface of
the plasma-derived membrane is quickly dissipated. The retention of hydrophilic property of the
plasma-derived membrane that modify by argon (Ar), oxygen (O,), mixed argon and oxygen (Ar
& 0,), sequences of argon and oxygen (Ar_O,) and sequences of oxygen and argon (O, Ar)
plasma have been studied. The plasma-derived membrane characteristic has been studied for
wettability via Water Contact Angle (WCA) measurement while surface energy measurement
using Fourier-Transform Infrared Spectroscopy (FTIR) and X-Ray Photoelectron Spectroscopy
(XPS). The result show that modified membrane that bombarding with sequence of argon and

oxygen plasma can enhance the hydrophilic property and can increase the permeability of



®)

CO,/CH, up to 230% if compare with the untreated membrane. The hydrophilic property of
plasma-derived membrane by sequence of argon and oxygen plasma has been prolonging up to 70

days.
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2.1 t4NYUYH (Membrane)
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2.1.1 FUAUVDUNNUSTY

v Y [ Y v v 3 Aa A
LNNLUSU@TMﬁﬂHm%IﬂiQﬁﬁWQTﬂﬂﬁaﬂqlla’)ﬁT@J’]ﬁﬂllUQVlﬂlﬂu 2 YUAND

Lnusund Inseasauuuauuiag (Isotropic Membranes or Symmetric
a A Sa ) ° < ¢ A o
Membranes) waususHaitwwuusuni Inssadnainaue tazusswndsenoumeInu
Y 9 1]
ﬁ1ﬁu%1ﬂ3ﬁﬂlaﬂ’3ﬂu‘ﬂﬂﬁﬂﬂ Llﬂxlﬁﬂﬁﬂlﬂ@ﬂ"lw(ﬂ"Iﬂ@ﬂ"lJ’J”NGUQQQJNLUiuﬂgﬁﬂﬂymg
v I { a R,
midlouny iindlumusunlisiiagngy (Porous Membranes) YUIAYBIFUTUILIMNIAUNING

1 @ 1 1 <
uru M suiianyazmiuliligngu (Non-Porous Dense Membrane) IaiUs U2 1iA1M

9
[l " v v ] o U ] <
UUWMDUNAUUNULAEDIAINTITUNITUDIFITAS YNNIV TU HJUGSI)‘L!

2N sUNT IAsead 19U U aNNIAT (Anisotropic Membranes or
v 9
Asymmetric Membranes) tutsuiivuavesgnguinanaranulunaazyunieslulnseadn
o o’ds! [ a =) [ A [ a v I Y o 9 gJJ Aa .
duasizriuniagriamernunioansianun 1a niszneuaresuRIDY (Skin Layer)
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HAZFUEI (Support Layer) 11999102 INANIAAAYINVDUNVIUTUNY I HYUIAUDIFHT Y
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ansndszgnd 14 Idethaviainvals

STYMMETRIC ASYMMETRIC

“ Integral asymmetric

Porous skin layer  Honporous skin layer

Cylindrical

Composite structure

Poraous

319 2.1 Taseas s U UauINATHaZ o ANNIAS [41]
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2.1.2 NITUIUMIHNNIDIY
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1. MInseauuullanie (Dead-End Filtration)
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[ o v 3 v @ A Y A z:yd
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A Y 9 g A Y 2 ¥ A
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2. MINTBWVY 1Haug (Cross-Flow Filtration)

< ) & Aq a o
ﬂWiﬂifNLmleﬂﬁsU’JN Lﬂumiﬂeuiwmmzmamaauﬂumﬁmwumm
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NI ﬁ%ﬂ@\iﬂ'lﬂﬂ’]JVIﬁ‘V]Nﬂ1§]1°Viﬁ€lJENﬁ1§ﬁN1uﬂ1iﬂﬂu8ﬂ ﬂ'liﬂiﬁ]\‘ll!flJ“lJ]lWasU’J'Nﬁ'liJﬁﬂ
FrganmsazauvoteymManAivewrHumuusuld  Junnzaunumsazareniinnu
Y 9 S A Y a 9 o A a 9
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A0 UILTUNT DM AL AULAL QAR UUDIETUUIUARBLS NUAITVE NI U 14
[42]

(a) (b)

Filter surface

319 2.2 4VVNILVIUMILENAS (2) Dead-End Filtration t1az(b) Cross-Flow Filtration [42]
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YIAEN dIMsunenals luanavualiyNizendn aAvaassd (Colloid) 90NIINUMAL AT
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Tuanavuiadnniyuia 0.1- 10 93aAsoy 13 UAUN IF TuMsuendInINTEUIUNIS
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PATINNTIUDINIG duau

a) @ I ! @
3. 1 Tuaw s (Nanofiltration, NF) (i unszuirumsnlsmumsulumsna
A1390NINNTZUIUMTUNTNTENYAITUVIUAIUANFINNILTU (Solution-Diffusion) inag 14
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4. 00d INFANUNDY Y150 3100500a IUFd (Reverse Osmosis, RO) 11/ 1
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NANNANII0 IUAITALAUATATUNT (Solution Diffusion) Tmawsy Hewldlunisuen
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iNAooanNUINEgAAIMNTITULAZMILS 1na [1]
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Membrane

Type

Non

Porous

Micro-

Porous

Meso-

Porous

Porous

Membrane

Process

Reverse Osjj
Gas Separg

Pervapora

N0sis
fion

on

Ultrafiltration

Nonofiltration

Microfiltration

Pore or Particle Size(m)

10710

Separated

components

Gases

Vapours
—

w

—

Ly

Sugars

uble Salts

Proteins

Bacteria

—

Viruses

Emulsions

Colloids

— < >

g‘ﬂﬁ 23 LLWHﬂWWLLﬁ'ﬂ\‘]ﬂﬁﬁ/ﬂLLﬁQﬂ3$LﬂVI‘lJ@Qﬂ§$1J’Juf‘lﬁﬂii’)ﬂﬁl’lﬂmmﬂiu@”IEJGIJHWWU?N?(”IS
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2. gUnsaituuNeII (Spiral Wound Module)
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18

o 1
3.91Uns0l Tugauuune (Tubular Module)
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v Y
g1 2.7 guinsel Tugamsyugvesmwsuuudulonads (Hollow Fiber Module) [44]
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2. mawsoumususenslasuauuuilen (Wet Phase Inversion)
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Inversion)
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1. Dry Phase Inversion

Casting

2. Wet Phase Inversion
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Castng ~ ~°°777==7°7"7 Quench
Ewvaporation

3. Dry/Wet Phase Inversion

v

Casting Evaporation
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2.2 a1adu (Plasma)
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3.4.3. AN lAdIANA3N (Dielectric Constant)
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3.3.5 WAINUNUA? (Surface Energy)
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3.3.8 NAT@UUENUNE (Gas Separation)
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4.2 Qmﬁ{]ﬁmménmnmnau (Coagulation Bath Temperature : CBT)
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Abstract

Prepamation and surface medificadon of PSFTIO, membrans: by DO Ar-plasma were conducted to mmpreve membrans
hydrophilicity and ms permeation efficiency. Usineg Ti0: as a photecatalvst. photocatabysiz conld be induced upen the plasma
exposure. Radicals from this process led to an increaze in the membrane hydrophilicity. In order to improve the dispersion
guality of Tid), in an organic membrane, methyloimethewysilane (TMME) or ethylmimethoxysilane (TEMS) was utilized as
coupling agents to medify the TiQy, surface prier to blending The coupling agents caused organic silans bonds on the TiO,
surface leading te a better dispersion of naneparticle on the membrane matrix. The incorporaten of medifed-TiC., tended to
decrease membrane water conmact angles (WCA) to the lowest value when compared with PSF membranes with unmodified
Til; and peat PSF membranes. Fesults also showed that TMMS conld produce better outcomes compared to TEMS. It was
found that the medifed-TiQ, could decrease the WCA. More importantly, pressure normalized fux of C0, and CH, gases of
PSF/modified-Ti0, membrane was found o increase with slishdy decrease in the selecvity of 0./ CH,.

Keywords: silans coupling agent, surface modification, gas sepamtien membrane, low pressure DC-plasma, polysulfons

Abstrak

Pepyedinan dan modifikazi permukaan membran PSFTiQ, okh DC Ar-plasma tzlah dfjalankan unmk meningkatkan
kshidrofilikan membran dan kecekapan peoverapan gas. Mengzunakan Tilr, sebagal foro-pemmnekm, fowpemangkinan dapat
didoronz apabila terdedah kepada plasma PRadikal dampada preses imi membawa kepada peningkatan dalam kehidrofilikan
memban Unnuk meningkatkan koalit penyebaran TiCk, dalam membran orzanik, metlmimetoksizilana (TMMS) atan
etilmimetoksizilana (TEMS3) telah dipunakan sebagai agen apdingan uoik mengubah suai peromkaan Te0., sebelum campuran.
Ejen-gjen gandingan menyebabkan ikatan zilapa organik di permukaan Tid, yang membawa kepada pemyebaran nanoparrikel
yang lehih baik pada matriks membran. Penggabungan Tily, vang dinbahsuai cenderung unhik mengorangkan swdut sentuhan air
memban (WCA) kepada nilai vang paling rendab berbanding membran PSF dengan TiQ, vang tidak diobabsnai dan membran
PSF kawalan. Kepomsan juga memmjukkan bahawa TMMS boleh menghasilkan basil yang lebih balk berbandme PPSMI Ia
telah mendapari bahawa Tily; yang divbahsuai bolsh menzoranskan WCA. Lebih penting lagi, tekanan fluks normal zgas ©0;
dan CH, danpada membran PSF TiQ, yans dinbahsoai didapati meningkat dengan sedikit penonman kepilihan C0LCH,.

Kata kuncic ejen gandingan silana modifikas peromkaan, membran pemisahan zas, tekanan rendah de-plasma, polisulfon
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Abstract

The gas separation process is an essenfial problem in raw bioga: and namral gas because of it impurity. And
membrane technelogy for g3s separaton is imteresting and can be solved this problem. Thus the main objective
of thiz research was to prepare and modify Polysulfons (PSF) mambrane surface by DC plasma dislecoic barmier
dizcharges (DBDY. In order to evaluate and smudy the efect of plasma discharges on membrane hydrophilicity and
gas permeation efficiency, DC plazma reatment gases were employved in various operating conditions. Afer
Teament of membrane by DBD plasma, membrane hydrophilicity was determined by water contact angle (WCA)
and surface energy value. The experimental results showed that radicals fom DED plazma led to an increass in
the membrane hydrophilicity. The DBED Plasmsa generating with purified cscygen (0,), purified Argen (Ar) and
well-mixing of Ar and O, relagively affect to hydrophilic property of PSF membrane In addition, for
determinztion effect of aging peried, the WCA of membrane surface gradually remieved to the WCA of plasma-
nntreated condition. But the aging time is different depending on the type of plasma gas treatment. Applicatdon of
the hydrophilic properties membrane will be employed to separate methane gas from mix methans and carbon
digrdde gasses. This procedure also quite pasidve to separate the mixed gasses small molecules and very linle
differences in size The stomic force micrescopy (AFM) morphology of the plasma-reated surfice meambrans
will be presented Beside that the electronic properties, polarizability and quadripole moment for the extracted
Zasses ware also discussed.

Deywerds: Low smperamre plasma, Pleoma Polymerizanon, SurBoe Modiffcanon

Introduction is comprize of methane (CHs) 50-80%, carbon
) diceride (CO0) 25-530% and other gasses 0-10%: [1].
.\Tnm:'ada}'s.: energy supply is h.lg,h.l’- d_'EPEﬂdEm o The efficiency of biogas depends on  the
foszil ]EWCE 15_1;;:]1 aic:l:de ::Jh] hgﬂlﬁ;mmz};ﬁ concentation of methane gas. %o, we would like to
fama ga:.ﬂl s Elonal be?m abaut _ sgparate CO: fom biogas that will enhamce the
emissions is the most worrying because, as an issue ficiency of biogas by wusing membranes

that afects food security within many Countriss

[Office of the National Economic and Social
Development Board (WESDEB) 2015, it would have
a major effect in the long term [Asian Development
Bank (ADH) 2014] becanse it will impact the global
supply chain [Thailand Development Research
Institute {TDRI) 2007, Alizadeh, Aminnayeri 2012].
The records of the IPCC found thar there is 2 major
release of OO and this causes up 1o 95.11% of GHG
emission [ADE  2014). Thess non-renswszhle
resources will be diminished quite fast from our
world. That make an altemative energy such as
biogas two be more imteresting The biogas iz a2
fermentaton of organic waste product and so on. I

technology. Membrane separation techmology is
based on physical or chemical interaction In
general, we can separate gas by the kinefic diameser
of gas but gas separation has trade-off relation
batween permesbility and selactivity [2]. Howeaver,
We Ty to opfimize berween ingeasing permeabilicy
efficiency while have to rade off selectivity of the
systerm by wsing  plasma  meatment  Plasma
irradiation on the membrane surface will enhance
hydrophilicity property. The hydrophilicity property
iz an importsn: for zas separadon dus to dfs
quadrupole moment and gas's polarizability as

thown i teble 1 [3]. Plasma teamnents will
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permeste CO, more than CE. molecules that cause
& higher polarizability for gas

Table 1. Physical and electronic properties of gas
molecule:

is GPU while 1 GPU is aqualto 10 am’ (STP)/cm*-
s-cm He
In this study, the type of plasma discharge gas can

5 [3] have a different effect on the PSF membrmne
urface, thus argonana
[ [ [ | mixture plasma might give different hydrophilicity
o e resuits v water contact angle (WCA)
} [ I ] } v | and surface snerzy. WCA of plasma meated PSF

Dolysulfone (PSF) is ane of the polymeric materials
used for the preparstion of gas separation
‘membranes because of it has high intensity, as well
25 a good chemical and thermal resistance [4]
the separation property of DSF is in
scceptable levels. Therefore, many research groups
are working on the enhancement of membranes
separation properties for CO/CH. Konruang et al
(2015) [3] investigsted the effect of ultraviolet-ray
(UV) 312 mm thet bombarding oato PSF
membranes. UV rays can emhance the polar
component and surface energy of the bombarded
membranes surface. 5o, the CO-/CH. sslectivity of
UV meatsed membrames was increased from
nnmestedmembranes. Bae et al. (2006) [5] modified
the surface of Nafion membranes by imadising
them with an argon plasma. The result show that
argon plasma meamment can remove sulfonic acid
Zroups on the surface, but it can create peroxide
‘zroups, which helped 1o increase the hydrophilicicy
of the membrane surface as well. Modarresi et al.
(2012) [6] smlisd the afect of O: plasm
modification oa PSF membrane surface. O plasma
can create C=0 contsining functional groups and
decresse the water contact angle of the surfce of the
treated sample. Therefore, O; trestment of the
plasma enhanced the COyCH selectivity in
comperison to the untreated membrane.
Permeance of CO; snd CH: and the ideal COyCH:
separation factor (selectivity) was evaluated by
equation 1 and 2

where P is the permesbility, 1 is the skin layer
thickness, A is the membrane effective area, (J is the
volumetric flow rate, Ap is the prassure diffrence
across the membrane, o is the ideal gas separation
factor, and are types of gas. The unit of permeance
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the WCA recovering of the membrane that treated
with Ar/O; plasma was slower than for the anes
treated with O; plasma at an aging time of 28 days.
The CO,/CHL separation property of fhe Ar plasma
treated membranes was about 4428 % enhanced
Fom narearsd samples
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membranes show thet the sgeing time of the
hydrophilic property depends on the plasma gas
ftype  Atomic force microscopy shows the
marphology and surface roughness of the treated
‘membranes.

Materials and Methods

Pellets of PSF (UDEL P-1700) were supplisd by
Solvay (Chins). Polymer solvems includsd
N Ndimethylacetamide (DMAg) and
¥ (THE) were fgma-
Aldrich (Simgapore) and ACT Lab-scan (Australia),
respectively.  Nom-solvents, including  sthanol
(E1OH) and methanol (MeOH) were supplisd by
Merck. Methane (CEL), carbon dioxide (CO:) and
exygen (0) with purity of 99.5% and 99.3%,
respectively weze supplied by Linde (Thailand) Co.
Ltd., while Ar/O; mix gas with 20:80% purity was
supplied by Linde (Thailand) Co. Ltd
Asymmetric, flat-sheet PSF membranes were
prepared with a dry—wet phase-inversion technique.
Dope solution with sbout 22 wi-% PSF, 31 .05 wt-%
DMAc, 51.05 wi-t TEF, and 14.8 wi-% staanol
was made. In the first step of membrane preparation,
PSF pellets were dried at 80 °C for 24 hours ta
remove moisture. The solution was cast en a glass
plate with a thickness of 150 DOm at room
temperature. Before the membrana was submerged
in a coagulation bath of RO water we dry at room
temperature for 15 mins. The membrane was then
moved to @ methanol bath for solvent exchange for
2 ars, then dried under ambieat conditions for 24 hrs,
and finally dried under vacuum a1 70 °C for 12 hrs
before testing
The DC-glow discharge plasma at low pressure used
for the weament of PSF membranes was generated
in a cylindrical vacuum chamber of 255 mm
diameter and 381 mm legth. The membrane sample
was placed en top of an anode electrode as shown i
Figure 1. After the mambrane sample was loaded,
the vacumm pump was startsd to evacuate the base
pressure down 1 about 0.1 mbar. The working gas
was fed into the chamber tll the pressurs has
reached about 0.25 mbar. The pressure was kept
constant throughout the plasma treatment. Discharge
power and treatment time were 60 W and 4 min,
respectively. Using Oy, Ar and Ar/O; mix gas are fhe
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working £a5 in order to compare the effect on the
membrane swrfice.

Pt sbcde

iagram of the mem’rane sampis piaced on tgp
trode n o DC piasma system used in iz

Resulis and Discussion

The WCAs of membranes after treated by plasms
decreased when compared with the mTested plasms
as shown in Figure 2. WCAs of membranes treated
by O:, Az, Ar/O; plasms end unmested plasms
membrane were equal to 24.17, 5111, 20.03, and
86.40 dagres. respectively. One can nodice fhat O;
and ArfO; plasms cen decrease the WCA of the
membrane more than the At plasma, while the WCA
values of the membrane Teated with O: 21d A,
plasms were close. The sging tmes of the WCA
degree of membranes meated with O: and Ar'O;
plasma are quite difference as shown i Figure 2
T

e ¥ rate of WCAs in
with Az/O. plasms increassd o 56.11 dagrees after
being stored a1 room temperarure for 28 days, while
the membrene freated with O: plasma showed
during the same aging time sbour 78.50 degrees. It
is clear that WCAs of membranes trezted with Ar/'O;
plasma st an aging time of 28 days recovered slower
than membranes Teated with O plasma

he(WEA)

x~ Unirested

waier coniact a

—=r— Oxyzen plasma
Ed —0— Argon plasma
10 —{3— Argon/Oxygen plasma
o
o woom 0
Aging tme (Day)

Figure 2. Variation of FCA with an aging time gf 23 days
of untreatad and axygen, argon and argon axysen mix g
medtad membranes.

The surface energy of solids has two components, a
polar component and a dispersive component Both
compenents conmibute to the total surface enerzy
[6]. Reesults are shown in Figurs 3, here using water,
formamide, and ethylene glycol for calculating the
surface emerzy. The daa confimm the hydrophilic
property of the membrane treated with plasmz. Oy
and Ar plasma trested surface membranes have
similar surface enargy values and with 2 high polar

f
d
d
g
E

companent.

Figure 3. Change of sutface froq energy ater plasma
mearmant.

& O

(2) Argon plasma (b) Osygen plasma

® ¢

() Arzom/Oxygen plasma  (d) Unireated plastm

Table 2. Permeation end selectivity of CO;, CH end.
COy/CH: for both untreated and Argom plasma
treated PSF Membranes at pressure of 5 bar.

‘Membrane (P D’) oy
€0:

Tnoeated 130.60 130

drgomOnyze | ;5 202

Summary

Theeffect of Ar, O: 3nd Ar'O; plasma modification
the PSF membranes can enhance the hydrophilic
property and create more Toughmess om the
‘menmbrane surface. While the surfce free energy on
the PSF membraneincressed the WCA of the O; and.
AT/O; plasma trested membranes decreased more
than for the ones weated with Ar plasma. However,
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