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Abstract

In this study, oxygen functional groups were introduced on activated carbon fibers (ACFs) by oxygen plasma treatment to
improve the adsorption performance on an acetic acid which is a sick house syndrome induced gas. The active species was
generated more as the flow rate of the oxygen gas increased during the plasma treatment. For this reason, the specific surface
area (SSA) of the ACFs decreased with much more physical and chemical etching. In particular, the SSA of the sample
(A-060) injected with an oxygen gas flow rate of 60 sccm was reduced to about 1.198 m%g, which was about 6.95% lower
than that of the untreated samples. On the other hand, the oxygen content introduced into the surface of ACFs increased
up to 35.87%. Also, the adsorption performance on the acetic acid gas of the oxygen plasma-treated ACFs was improved
by up to 43% compared to that of using the untreated ACFs. It is attributed to the formation of the hydrogen bonding due
to the dipole moments between acetic acid molecules and oxygen functional groups such as O=C-O introduced by the oxygen

plasma treatment.
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Table 1. Pore Characteristics of the Untreated and Oxygen Plasma-treated ACFs

Vum of 0.65 nm or Vy between 0.65 and

Samples Sper (m?/g) Stplot (MY/g) Vr (cm’/g) Vu (em’/g) Vu /Vr (%) less (cm’/a) 08 nm (cmg)
Raw 1,180 1,170 0.5046 0.4993 98.9 0.3557 0.0591
A-020 1,140 1,122 0.4621 0.4513 97.7 0.3529 0.0985
A-040 1,119 1,102 0.4522 0.4468 96.7 0.3493 0.0974
A-060 1,098 1,067 0.4326 0.4042 93.4 0.3335 0.0706
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Figure 1. (a) Nitrogen isotherms and (b) pore-size distribution of the untreated and oxy plasma-treated ACFs.
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Figure 2. (a) XPS wide scan spectra and (b) atomic ratio of Carbon and Oxygen on the surface of the untreated and oxygen plasma-treated ACFs.

ol

Zel=n AgE R FR5eAe
271 AR olist FEjo] 1= nA7]Fo] vlg- wuky
ANzl F2 vehdt) o8t AR AaZel=n) AEr) B
2459 718 g wge] A dFE 7HA S AR

AnZelzn) Aol me dden
1ol YeRgl o™, BETA U t-plot
22} Sppr B Sepon 22 713,
7} v19F VyE 271813t Table 1S
wl A2 AR HjEE o]
SR Hd 6.95% Hask o, akrEetEet A
& 7kn0] o] SIS n|EE Ao
Avhz akaZEzul A2 Al A
o] SAEAAF EH3 FE3PEA V)
wl} gl Ao w AlgEc) £dk 84
A=} 3184 0 7 Wheale] 7)) gk
H+= 3824 21Z}(chemical etching)©]
Ao ALRETH23,24].

I

Type 1 FE|e] 17

A
o

5
[e]

2==0

[

bt
i)
(o3

3sst ® 30 H A 2 =, 2019

3 ul

AbrZet=ul Ao w2 FeLANFY VTR E 2 7
3= Figure 1(b)%} Table 101 UERNQIL o] & 8 A4
of] AbZel=n} 22 Al 0.65 nm ©)8+9] 7] o) F-) A
e g giAE 2ashs Wb, 2318 0.65~0.8 nm |
< Elgh 4= ik o3t g2
AAY, AaZetze A Al AAdE FYFE] T2 0.65
olate] VlFES EulA W sstrom A7egly] wEowE
t}. o] <late] mAY|Fe] F-unt e} F V]Fe] o

ke

¥

-

2 1o Jo &

L

= 7

do W X

¥

HO

=

n:&o: I
Ptt
N
o
ol
ol
£
5
M
X,

4r 3



PR ROl E0E AL G5}

By

A

pul

Mo

Apeke] Az Agel mE 7k FH 54 163

Table 2. Cls Peak Parameters of the Untreated and Oxygen Plasma-treated ACFsp

Concentration (%)

Component Peak position (eV)
Raw A-020 A-040 A-060
C(1) C-C(sp®) 284.5 82.78 53.82 52.73 51.49
C(2) C-C(sp®) 285.4 10.30 15.55 14.69 12.64
C(3) C-0 286.1 4.82 3.44 4.13 5.97
C(4) C-0-C 287.2 1.82 16.75 17.12 17.48
C(5) Cc=0 288.0 0.21 7.49 7.90 8.08
C(6) 0=C-O 289.0 0.07 2.96 3.44 434
(a) (b) o (a)
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Figure 3. Cls core level spectrum of (a) Raw, (b) A-020, (c) A-O40, FWEMI ] +( E—E )
FWHM

and (d) A-O60.
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Table 3. Breakthrough Point and Saturation Point of the Untreated and
Oxygen Plasma-treated ACFs

]

Sample Breakthrough Saturation
P point time (min) point time (min)
Raw 230 400
A-020 320 480
A-040 290 510
A-060 310 570
1.0
0.8
o 0.6
Q
@)
0.4
0.2
0.0 dassspningp o J . i
0 100 200 300 400 500 600

Time (min)
Figure 5. Breakthrough and saturation behavior of Acetic acid for the
untreated and oxygen plasma-treated ACFs.
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Figure 8. Breakthrough and saturation behavior of (a) acetaldehyde
and (b) acetic acid 100ppm gas for the untreated and oxygen plasma-
treated ACFs.
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