Appl. Chem. Eng., Vol. 33, No. 6, December 2022, 624-629

https://doi.org/10.14478/ace.2022.1095 | Article

A ZAR0F M| HE SHEAMS BoTo| ESUNBIS S5 SN

BIS7|" - URIE" - AR - O F AT

ety §&steta ety ity AR REdATA
(20221 9€ 16Y A<, 20221 108 15¢ 577, 20221 102 18 A=)

Formaldehyde Adsorption Properties of Activated Carbon Fiber-Papers by
Nitrogen Plasma Treatment

* ok T

Chung Gi Min*, Chaehun Lim*, Seongjae Myeong® and Young-Seak Lee

*Department of Chemical Engineering and Applied Chemistry, Chungnam National University, Daejeon 34134, Republic of Korea
**Institute of Carbon Fusion Technology, Chungnam National University, Daejeon 34134, Republic of Korea
(Received September 16, 2022; Revised October 15, 2022; Accepted October 18, 2022)

E
ZEstel =t 5571 8 9 AR ot § Aol falH A 37 edBAw dA ek ¥ A
S SRR BHe] Ak 4871F B skl Ax Bekxnt Aelg S, Ax 48] ¢ B4
= FH 54 masklt FYHE Ak skae] f3Fol F7HEl mhel BYRLA S

of oF 7% A% AR, EAE Ak 4§71 BFE HEE fAre
32 Qletol BYRALNf Ere] vl A71Fo] Z7ksHck. ol ol mhe} W A
F5 GE% 270k Lok A4 301 120 scem 0149l 2SI B

g

__’1

&

S

2

N

)

A o] MESHA A ZE o], vlsEH A o] HAstal XSl T FA sEo] 5|8 A3tE i) uhetbA,
A EFgt=vt Aed dgRAFY TELUEIE S22 ©YE A 2479 ko] o alo|X|ul, o] g}
A Agtel 7% F2E V7 W 2EgdstelEe] & a0 INES & & A

Abstract

Formaldehyde is an indoor pollutant that is harmful to humans, such as causing respiratory and skin diseases. Nitrogen plasma
treatment was performed to introduce nitrogen groups on the surface of the activated carbon fibers (ACFs), and the adsorption
characteristics of formaldehyde for the surface-modified ACFs were considered. As the nitrogen gas flow rate increased, the
content of nitrogen functional groups introduced to the surface of the ACFs increased by about 7%, and the ratio of nitrogen
functional groups to each type present was similar. Ultramicropores increased on the ACFs surface due to the etching effect
of plasma treatment. The adsorption efficiency of formaldehyde on the modified ACFs surface was also enhanced. However,
under the nitrogen flow rate of 120 sccm or more, the surface of the ACFs was excessively etched, and the specific surface
area and the formaldehyde adsorption capacity decreased. Therefore, the content of the nitrogen groups is the main factor
in the adsorption of formaldehyde on the nitrogen plasma-treated ACFs, but it can be found that the adsorption efficiency
of formaldehyde is improved when the ACFs have a suitable pore structure.
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Table 1. Pore Characteristics of the Untreated and Nitrogen Plasma
Treated ACFs

Samples Specific stzlrface Micropore; Total por(}a
area (m’/g) volume (cm’/g)  volume (cm’/g)
Pristine-ACF_P 1172 0.38 0.49
N30-ACF_P 1217 0.40 0.49
N60-ACF_P 1229 0.41 0.49
N90-ACF_P 1204 0.40 0.48
N120-ACF_P 1148 0.38 0.48
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Figure 1. (a) Nitrogen adsorption isotherms at 77 K,
(b) pore size distribution of the untreated and
nitrogen plasma treated ACFs.
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Figure 2. N1s XPS spectra of (a) N30-ACF_P, (b) N60-ACF_P, (c) N90-ACF_P and
(d) N120-ACF P.

Table 2. XPS Analysis of Untreated and Nitrogen Plasma Treated
ACFs

Elemental contents (at %)

Samples
C (0) N
Pristine-ACF_P 78.26 21.74 -
N30-ACF_P 77.04 19.66 3.29
N60-ACF_P 75.25 20.10 4.65
N90-ACF_P 72.83 20.29 6.89
N120-ACF_P 72.59 20.43 6.98

Table 3. N1s Peak Parameter of Nitrogen Plasma Treated ACFs

Nitrogen species ratio (at %)

Samples Pyridinic Amine ;’yyrr;l"(};‘i/c Graphitic
N30-ACF P 115 023 374 8.8
N60-ACF P 11.1 4209 37.5 8.5
N90-ACF P 11.9 4022 372 8.7
N120-ACF_P 112 420 37.9 8.9
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Figure 3. Breakthrough curves of the untreated and nitrogen plasma
treated ACFs.

Table 4. Breakthrough Time and Saturation Time of the Untreated and
Nitrogen Plasma Treated ACFs

Breakthrough time Saturation time

Samples

(min) (min)
Pristine-ACF_P 45 180
N30-ACF_P 45 270
N60-ACF_P 60 435
N90-ACF_P 75 1200
N120-ACF_P 60 330
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Table 5. Pore Characteristics of the Untreated ACF and N90-ACF_P
after Formaldehyde Adsorption

Specific surface
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