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Abstract: The direct fluorination of polymers is a heterogeneous reaction using the mixture of Fy and
inert gas. In general, the resulting fluorinated polymers have good barrier property chemical stability similar
to those of the fluoro—polymers, and could be prepared from the simple process. In this study, the poly—
sulfone dense films were surface fluorinated using the direct fluorination technique and gas permeability
and selectivity of the prepared membranes were measured with varying both Fs concentration and
reaction time. The introduction of F» was confirmed by X—ray photoelectron spectroscopy (XPS), water
contact angles, and atomic force microscopy (AFM). As the Fo increased, the permeability decreased
while the selectivities for Oz, COs, and He gases relative to Ny increased.
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M B

mechanism)-& &3] FaEo] A, oju|, Frpze}

ot o g 714 Ex1e 482kt v7E(solution—diffusion

B8O E] 571 FolA olleheie] At BskrAESE, A
2 FY) A0 HelE et At Fajlo] gid o ol gwgick!
OF B ATVE o] oliR)/EE AR EelE el H8-2 1% 1
A} Relutel] g5k A77E ] ofFoix| 1 Yk

FHtole el iols Aekh A Bils flsle] B2 o
WA &8 W ke COp TS B8 BAVdd 4 1 e 38y
AE HHOZ sk Ah HAPPE A57PEA dEvgler
ARIEt wh glom, olef welx, wAl Fejke] it A%t &
At Aol B Ayells wixkE 71 Ao R et

+To whom correspondence should be addressed.
E—mail: jwrhim@hnu.kr

537

gl vl MAIE ket
P=DS

o}7|A, P= B AR (em® (STP)em % 'emHg(GPU)) %= cm®
(STP)cm'cm s *cmHg (barrer)) 2 2] F32ke Uehl1, D=
e A (em?s HE 2 RelM ] Z1A BAE] ol B LS e
e, $= g8 A (em®(STP)em ™% 'emHg ) 2 =3} 7)4) &
2=9) Az dAle] 23 SHEE UeRL AR40R S0l
 FHEP) = 7 B2t olFolAE e A o fradd
A(A) 7} vt A/a1Y) ABAHAP) oM VR REEoE oRgT 2



R 7 A%} Bl 2 5 EEsS vEhie ARk ()= o
7} o) 9] €k

e

P

ol B= AR vk B8 Ty} Az os d sixelth

AL o) FARTol HEiE M7 78249) B (trade—off) =
7FAIaL Qo] ol BAIE HAd)sh= Hlo] AAE Follch

R} el o]REoR) = AAPES B BTl Heln =
S 71AE B3, /35 AR, AR A 2A ) 2AS 7o)
of 3h olefgt 71l AAS e A W A9 AlzHo]
o8P 2Rt wel A el 9lo] falHe) ()= 1
A 7IAFHAE, 71AE B 9@ 97 A B o R 2
A3} AR 71 3 ek

EEES 1A BTt aAlEA 71 de) AR ER Q1 A)
E59 sholrhFigure 1). #EdolEE °F 200 T Veh)H
HIAA fepbd Exlelth A3 9 38k QPAde] 1, vk v
FE TS e IR B2 RS Vehile] o] 3 7191
o] FHg) HEE S £ FHL TRAE 4L k=)

A3 mdshe TR 29 RS F upHoR & deix 9l
. 34 AllE E3lo] B43F FAE ~0.01-10 pm HA7A] 7
AEojziek ofjzt 21 Bashe B4v)A9) 28 ukgAdw) ukgo]
AT Qsle] BIEA 7EN(AL, ol2E B) 9 Egslel 7)A) ez
WO R 3R 212 24 ubge) ez o) Folirk Wk Ake At
oli] Falt 7]ZA (initiation) 2] 7} glo] ¥kgo] o]FolA|= b
S 7HEA BE velrasighEe] dgo) rlsdt AHS 7t
t}.

2R el E43F XEE AXA HE AR B4R
28] WEe] BAYz9) 3 o3 A e ZFA0)E (conju—
gate) 23] FeiE VehiiAl ). o)2i3t s8] wge e
TEgeHA En Ean0) Rty BAas) Aelzle) ojEslA) ok

7 ERlE 2ol E43) XS s 9, AL BE v)H)e) =
5 a8} 37 FadEnr)t ggEoidE AFE VepdctS o]
= B4l webA vlFe] 371810 AR89 (free volume) 2] 244
E vehi] wiEo g A7) w3k J)Aedl st $lss} 7)ast
AR A% B AT Shie) 9910 Az} rLo)

¥ ]
o C o S
I I
CH, )

Numbers of atoms

?

rr

oo

Carbon :27
Hydrogen : 22
Oxygen :4
Sulfer :1

Figure 1. Chemical structure of the polysulfone.
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Figure 2. Schematic diagram of the direct fluorination apparatus.
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Figure 3. Schematic diagram of the gas permeation apparatus.
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Figure 4. Electron spectroscopy for chemical analysis (ESCA)
survey scan spectra of untreated and treated polysulfone.
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Table 1. The Physicochemical Property Values of Treated and Untreated Polysulfone Membranes

Fluorination condition Atomic percentage Contact angle Roughness
Fluorine? Time® Fis O1 Sop Cis (degree) (R,, nm)
Polysulfone dense membrane <0.1 12.1 2.6 85.3 76 0.22

10 - - - - 81.2 -
50 ppm 20 - - - - 86.3 -
30 9.3 16.6 2.3 70.7 91.3 -
60 11.3 18.5 2.1 67.3 102 1.31
10 11.6 15.3 24 70.7 91.3 -
20 - - - - 97.2 -
100 ppm 30 12.9 18.1 1.9 67.1 105 -
60 - - - - 109.3 2.51

“Fluorine concentration in the feed (wt% Fs in Ny). *Fluorination treatment time (min).

Table 2. Atomic Percentage Change as a Function of Etching
Time

Etching Fluorinated polysulfone dense membrane
time For 50 ppm/30 min For 100 ppm/30 min
(s) C 0 S F C 0 S F
0 716 166 25 93 671 181 19 129
5 81 117 26 47 774 131 102 7.2
10 856 87 27 30 836 96 2.2 45
15 883 70 27 20 867 76 25 3.1
20 90.1 57 27 15 885 6.7 26 2.2
30 921 42 27 10 915 45 25 1.5
40 929 36 27 08 928 3.8 25 0.8
50 937 30 29 04 937 31 25 0.7
60 938 26 30 06 942 29 26 0.3
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Figure 5. The values of contact angle as functions of direct
fluorination conditions.
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Table 3. Permeability and Selectivity of Polysulfone Membrane Fluorinated Consecutively for Various Fluorination Conditions

Fluorination conditions Permeability coefficient (barrer®) Selectivity

Fluorine® Time® O, N CO, He 02/Ny CO3 /Ny He/Ng
Polysulfone dense membrane 1.35 0.22 5.10 11.27 6.14 23.18 51.23
10 1.25 0.19 4.97 10.2 6.58 26.16 53.68
50 ppm 20 1.23 0.17 4.87 9.92 7.24 28.65 58.35
30 1.1 0.15 4.34 9.43 7.33 28.93 62.87
60 1.0 0.14 4.24 9.33 7.14 30.29 66.64
10 0.98 0.14 412 8.68 7.00 29.43 62.00
20 0.95 0.13 4.08 8.27 7.31 31.38 63.62

100 ppm
30 0.90 0.12 4.03 7.66 7.50 33.58 63.83
60 0.89 0.11 3.93 7.63 8.09 35.73 69.36

“Fluorine concentration in the feed{wt% Fs in Ny). *Fluorination treatment time (min}. “1 barrer=1x10"" ¢m®*(STP) cm/em® - s - cmHg.

Table 4. Diffusivity and Selubility Polysulfone Membrane Fluorinated Consecutively for Various Fluorination Conditions

Fluorination conditions

Diffusivity coefficient( 10™ cm®/s)

Solubility coefficient{10™% em®(STP)/cm® s cmblg)

Fluorine Time 0y Nz COy He 0Oz Ny CO; He
Polysulfone dense membrane 4.5 0.85 2.30 4.70 0.3 0.26 2.22 2,40
10 4.37 0.83 2.25 4.60 0.29 0.23 2.20 2.22
50 ppm 20 4.33 0.83 2.28 4.60 0.28 0.20 2.13 2.16
30 4.28 0.83 2.18 4.60 0.26 0.18 1.99 2.05
60 4.25 0.81 217 4.54 0.24 0.17 1.95 2.06
10 4.24 0.77 217 456 0.23 0.18 1.90 1.90
100 ppm 20 4.20 0.74 2.14 4.56 0.23 0.17 1.90 1.81
30 4.10 0.71 2.09 4.54 0.22 0.16 1.92 1.69
60 410 0.72 2.00 4.25 0.21 0.15 2.00 1.79
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