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Selectivity and Permeability Characteristics of Pure CO, and N, Gases through Plasma Treated
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Abstract — The surface of polystyrene membrane treated by Ar, O, plasma, and the effects were observed before and
after the treatment and permeability of CO,, N, and selectivity of CO, relative to N, was measured using continuous
flow gas permeation analyzer (GPA). The mole ratio of O over C in the surface was increased from 0 to 0.179 with Ar
plasma treatment and route mean square of surface was increased from 15.86 A to 71.64 A. Therefore the contact angle
was decreased from 89.16° to 18.1°. Thus Plasma treatments made surface of membrane tend to be highly hydrophilic.
The optimum condition for the CO, permeability and ideal selectivity of the plasma treated membrane was as follows:
the measurement of Ar (60 W, 2 min, 70 °C) plasma treatment was 1.14x107"2[m*(STP)-m/m?-sec- atm] and 4.22. In the
case of O, plasma treatment, the contact angle was decreased at 13.56° with increase of O/C ratio (0.189 A) and route
mean square of surface (57.10 A). The optimum condition for the CO, permeability and ideal selectivity of the plasma
treated membrane was as follows: the measurement of O, (90 W, 2 min, 70 °C) plasma treatment was 7.1x10"2[m*(STP) - m/m? -
sec + atm| and 11.5. After plasma treatment, the changes of membrane surface were all subtly linked with both cross-linking and
etching effects. Finally, it was confirmed that the gas permeation capacity and selectivity of the modified membrane with
plasma could be improved by an appropriate control of the plasma conditions such as treatment time, the power input
and sort of plasma gas.
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Fig. 1. Schematic diagram of plasma treatment apparatus.

Table 1. Typical experimental conditions of plasma treatment

Gas(99.9%) Ar, O,
Power 20~100 W
Time 2~10 min
Flow rate 30 ml/min
3. o
3-1. AIR

2 AFeA= E2)~E]R- w(Tg=95°C, 77| =50 um, mitsubishi
monsanto chemical Co. Ltd, Japan)yS ARSI vl A2 Z2}
ZmkAg] 87| Aol zlg delela 71xste] ARESIQiT). Eehzn)
2|72 Ar(99.000% )2} 04,(99.999% )= A3 a1, Tl glo
T T8 CO,(99.999% )9 N»(99.999% )& AE-SFAATE.

-2. Z2f=0t &2

Ao e ezl A7 FRA = F347) 245 GHzR!
MicrowaveS Magnetron®l] 2J3l] 600 W7FA] WHAIAIA 4= 911, &
2}2u} 28] 272 T2000 controller(Tepla Co.) 2 A1 4= =
A71(WxH*D)7} 0.35%0.35%0.35 (m)?] PLASMA SYSTEM 440
(Tepla Co.)olt}t. E&k=m} Ag] FX|& Fig. 19 YERAATE. &
2EE o] ZEtznt HeE 98 74 VIARE ujEy VAR
A} RESA 71AIQ1 0,5 212 ARS-SIRITE. Table 10014 vk vt
S 273} o] A= 20~100 Wololl ] #13HE $9loH, A
2 AIZE BEF 2~10 ming] Hﬂi}f"— FAUCt 22t —"F‘?JE]—”— 7119
S Eekzml Mgl Al & Wt A o
AT

12 30 ml/minC=

3-3. BEHEM

Fehav} e F o) gebd T2 AE wAS] 919
ATR(attenuated total reflectance) 5. © % FT-IR(fourier trans-form-
infrared spectroscopy, Bio-RAD FTS6000)2 ©]-83}0] B339 c)
ATRE] 418 Zelznl 7)) 5 12412} olujoll Fakglon, Alg
24 A7) TRz ) Aeiphas A waslsct. Eet
Z‘j} A]¥ Ze)~Elwl vt 337 9] &7} (contact angle, Kriiss G-10)

& Apolr] Zgatich. Felzeol )  Felsell v



ool Aejgl EaiEd vk 9
| Feed gas |
Preasure )
Gas lnpul regulator S?:]::Id
valve A Membrane cell
! acuum
: valve
actuated
- _IL - valve 5 bar air
Fig. 2. Schematic diagram of gas permeation apparatus.
e '
untreated
O, plasma 90W, 2 min
;-ﬂ; i -W"‘
©
2 Ar plasma 60W, 2 min
©
E
@
c
o
|_
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™')

Fig. 3. FTIR-ATR spectra of polystyrene membrane.
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Table 2. Summary of changes of composition of elements in plasma
modified PS membranes

Treatment C(%) O(%) o/;c

Untreated 100 0 0
Ar plasma(60W, 2 min) 84.787 15.212 0.179
O, plasma(90W, 2 min) 84.113 15.888 0.189

Table 3. Effect of plasma treatment on ESCA spectra of PS membranes
with and without plasma treatment (Given by peak height
in counts per second)

Treatment Cl1s(284.8 eV) O1s(531.0eV)
Untreated 110260.7 0
Ar plasma(50W, 2 min) 101509.8 53362.77
O, plasma(100W, 2 min) 105936.7 58629.02
Cls
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02 plasma ( 90W, 2min)
=
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Fig. 5. ESCA survey scan of PS membranes.
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Fig. 6. Atomic force micrographs of PS.

Table 4. AFM Measurements

Treatment gas RMS roughness(A)
Untreated 15.86
Ar 71.64
0O, 57.10
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Fig. 9. Effect of plasma treatment time and power input on perme-
ability for CO,, N, and ideal separation factor in O, plasma
treated PS membrane.
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Fig. 10. Effect of temperature on the CO, permeability and ideal
separation factor in Ar, O, plasma treated PS membrane.
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C  : total sorption concentration [m>(STP)/m?]

t : permeation time of penetrant gas in membrane [sec|
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596 spojz

] : diffusion flux through membrane [m*(STP)/(m?s)]

J, 1 steady-state permeation flux [m*(STP)/(m? - s)]

x  : vertical distance from membrane surface to inside [m]

1 : thickness of membrane [pum|

C, :sorption concentration of component

D : diffusion coefficient of penetrant gas in membrane [m?s]

P : mean permeability coefficient [m*(STP)m/(m’sbar)]

: external pressure [bar]

Ap : pressure-difference between membrane upstream and
downstream [bar]

S : solubility coefficient [m*(STP)/(m>bar)]

P¢p, : mean permeability coefficient of CO, [m*(STP)m
J(m?s-bar)|

Py, :mean permeability coefficient of N, [m*(STP)m/
(m*s-bar)]

JzlojA 2K}t

o :ideal separation factor for CO, relative to N, defined as [P,/
Pyl
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