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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 Fo concentration and
reaction time. The introduction of Fs was confirmed by X—ray photoelectron spectroscopy (XPS), water
contact angles, and atomic force microscopy (AFM). As the Fs increased, the permeability decreased

while the selectivities for O, CO», and He gases relative to N» increased.
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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® Fig O1s Sap 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 2.4 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% F5 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 8.6 87 27 30 836 96 2.2 4.5
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 38 25 0.8
50 937 30 29 04 937 3.1 25 0.7
60 938 26 30 06 94.2 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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Figure 6. AFM pictures of surface of (a) untreated ; (b) treated for 100 ppm/60 min polysulfone dense membranes.
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Figure 7. Permeability coefficients at 25 C for polysulfone membrane after various 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” 03 Ny CO, He 02 /Ny CO2 /Ny He/N,
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 4.12 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"'° cm*(STP) cm/cm®

+s » cmHg.

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

Fluorination conditions Diffusivity coefficient( 1077 cm?%/s) Solubility coefficient (1072 cm®*(STP)/em? s cmHg)
Fluorine Time (0D No COq He 0Oy No 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 2.17 4.54 0.24 0.17 1.95 2.06
10 4.24 0.77 2.17 4.56 0.23 0.18 1.90 1.90
20 4.20 0.74 2.14 4.56 0.23 0.17 1.90 1.81
100 ppm
30 4.10 0.71 2.09 4.54 0.22 0.16 1.92 1.69
60 4.10 0.72 2.00 4.25 0.21 0.15 2.00 1.79
& Ak, 0] T AAEke] Higel] digt FabdElEE 2004 £ 54 E{lo] W o] A 7k 03% kS A & o7 A
52 271 il Aol thet Wae] Tl (ks AR 2ol hAl wek, Atiew ) 2wl Aae) Frpew
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