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Abstract

Fluorination was carried out to improve the adsorption performance of pitch-based activated carbon fibers (ACFs) onto acetic
acid. Both plasma and direct gas fluorination were used for fluorination, and the acetic acid gas adsorption performance of
fluorinated ACFs was investigated. X-ray photoelectron spectroscopy (XPS) is analyzed to determine the surface characteristics
of ACFs, and the pore characteristics were analyzed by 77 K nitrogen adsorption. An adsorption performance was measured
through gas chromatography, and it was confirmed that the breakthrough time of plasma fluorinated sample was 790 min
and that the breakthrough time was delayed compared to that of using untreated one of 650 min. However, the breakthrough
time of direct gas fluorinated sample was 390 min, indicating that the adsorption performance was inhibited. The plasma fluo-
rinated ACFs showed an increase in the adsorption performance due to an electrostatic attraction between the acetic acid gas
(CH3COOH) with the fluorine group introduced to the surface without changing its specific surface area. On the other hand,
the specific surface area of the direct gas fluorinated ACFs decreased significantly up to 55%, and the physical adsorption
effect on the acetic acid gas also reduced.
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Figure 1. Field-emission scanning electron microscopy (FE-SEM)
image of (a) Raw, (b) DF and (c) PF.
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Figure 2. (a) Survey spectra and (b) atomic percentage of carbon,
oxygen and fluorine on the surface of the untreated and fluorinated
ACFs.
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Table 1. XPS Analysis Data of the Untreated and Fluorinated ACFs,
(a) Cls and (b) F1s Peak Parameters

Peak position Concentration(%)
Component
(eV) Raw DF PF
c=C 284.5 76.74 24.04 27.21
(a) C-C 285.6 16.21 29.01 14.77
C-0 286.1 7.05 3.95 5.04
Semi-covalent C-F 288.2 - 34.61 47.76
Covalent C-F 290.2 - 8.39 5.22
Peak position Concentration(%)
Component
(eV) DF PF
b
®) Semi-ionic C-F 687.3 88.25 96.31
Covalent C-F 689.3 11.75 3.69

Table 2. Ratio of C=C/C-C and Covalent C-F/semi-ionic C-F of the
Untreated and Fluorinated ACFs

Raw DF PF

Ratio of (C=C/C-C)(%) 473.4 82.8 184.2

Ratio of (Covalent C-F/Semi-ionic C-F)(%) - 13.3 3.8
AE BT F Urh.13). PR BF, Nl CF ATl FH
C-F A3l vl8] wol B4E 2 $F 5 9L, DFY A5 el
274 C-F Aol 3 C-F Aol Hla] @l F4H3lor, profl v
3 3 C-FAde] 4 o Wol =519 As 44 Stk o5

Fx3t2 JeRY7] 9310, Table 2014+ wlo] & C-F Aol thak
T CF 29 n&S Jehiigled, PR 739 wto] &4 c-Fad
o thst 3 C-F A3 H]&o] 3.8%2, 13.3%<] DFe] B3| ylo]&

’d CF Ao wo] FAHASES & F otk HPOI%@ C-F A%<
A5, 3 C-F Aol nls) 1 Ag A717F <5t Agho]t}8-9,13].
A

A4 71 Basle] A, B EAP EaEEY B4 g 3400
ol ST AdatA RS RE Eelnt B4t B
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X G AL vkgeihth weba E2hznt A2 AdE B
AT, DAl B9 W A5 71 EAstel vls) kst
ANUAZ WH-5-3Fo] Hlo] 24 C-F Ago] w2 o] =]l #o=
AraEH, ol LA AFE ClsY XPS A} ASshe HolFEr
[5,10,17,34].
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Appl. Chem. Eng., Vol. 32, No. 1, 2021



58 o - YAE -

Table 3. Pore Characteristics of the Untreated and Fluorinated ACFs

Specific surface area Micropore volume Total pore volume

(SSA) (m’/g) (em’/g) (em’/g)

Raw 1086 0.2968 04232
DF 598 0.2122 0.2332

PF 1130 0.3828 0.4644
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Figure 3. Cls XPS spectra of (a) Raw, (b) DF, and (c) PF and Fls
XPS spectra of (d) DF and (e) PF.
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Table 4. Breakthrough Time and Saturation Time of the Untreated
and Fluorinated ACFs

Raw DF PF
Breakthrough time (min) 650 390 790
Saturation time (min) 1180 620 1030
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Figure 4. (a) Nitrogen adsorption-desorption isotherms at 77 K and (b)
DFT pore size distribution of the untreated and fluorinated ACFs.
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Figure 5. Breakthrough curve of acetic acid for the untreated and
fluorinated ACFs.
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Figure 6. Proposed mechanism about interaction between acetic acid
gas molecule and fluorinated activated carbon fiber surfaces.
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and high functional property for removing sick house syndrome gas).
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