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Abstract: In this study, polyacrylonitrile (PAN)-based porous carbon nanofibers were prepared from PAN polymer solu-
tion by electrospinning and KOH activation with various concentrations, and the characterization of pore structures and
carbon dioxide adsorption was investigated. Manufactured PAN-based activated carbon nanofibers tend to decrease diam-
eter and increase surface oxygen functional groups depending on the increasing concentration of KOH solution. In addi-
tion, according to the results of nitrogen adsorption for pore properties analysis, it indicated increase of the specific
surface area in conformity with increasing concentration of KOH solution. Micropore volume of treated activated carbon
nanofibers (ANCF) by 4 M KOH was the largest compared with other samples and mesopore volume of treated ANCF
by 8 M KOH was the largest volume, respectively. The concentration of KOH effects textural and surface properties, as
represented by BET and XPS, which enhance carbon dioxide adsorption capacity at 0 and 25 °C.
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A Zgjol=2E 2YEY (polyacrylonitrile(PAN)), S| (pitch),
AZZ 9 X(cellulose)A = T8 4= Yt} £3] PAN Z&E=}
2R AxE @i oS S Fete] vAlg A
= Azto] 7hssby 58 17T witel Af EA
o] AR da] AREE AL AT g, ol2jg ©aARE
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MZ. Zgol=3d 2YEH (polyacrylonitrile(PAN), Aldrich,
molecular weight(Mw) 150000)2 41 AZE 918 12}
AFA R A8 oH, Gl 2 NN-TJH 9 E 5o 0] =(N,N-
dimethyl formamide(DMF), Aldrich)S AH&-3lAt}. T3 A
Fdel Alg- E=Ystal BIEHAS FUAI7)7] S8t 4t
315 (potassium hydroxide(KOH), Samchun)2- 4] 844 2
ARE-3ISA T

Agut 12X MF(Polymer Fiber)2| HM=: PANS
DMF &vfioll AZthu] 10 wt%2 T8I 45 °Coll A 44]7F
&t wnkste] gk AJE|] Al 89 AT T
g AR A7) fsiA BARE S AR o] ¥
T AR BAF Hol| FH3HE, J&ET A= S3E
HEANA 458 JAEEd A DA7NE ol 8ste] WAt
st h A =7F A2 (tip-to-collector distance(TCD)) 10 cm,
A7FASE 18kV, €949 fF &% 1 mLh, &5 3
&5 50 rpmo 2 IASACE WAL F 357t BolsleE &
FolE 392 FJ&EEHE A AEE s

TEX} LHeMFol ofMs Y AR WA ol =adY A
FERE @RS AXT 9], 1000 °C o) dellA] gras) #
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Figure 1. SEM images of (a) 1-KACF; (b) 2-KACF; (c) 4-KACF; (d) 8-KACF samples.
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Table 1. Results of XPS Analysis of Surface Cls and Ols
Elemental Composition in atomic%

Elemental contents

Sample (Atomic percent) 0/C (at%)
Cls Ols
CCF 92.6 3.2 3.46
1-KACF 93.5 6.5 6.95
2-KACF 93.6 6.4 6.83
4-KACF 92.0 8.0 8.70
8-KACF 91.5 8.5 9.29
8-KACF N JL
4-KACF
2 | 2xacr ‘L
w A
=
]
£ | 1KACF i
A
N
Ll I L} l L] I L] l T
600 450 300 150 a

Binding Energy (eV)
Figure 2. XPS survey spectra of KOH activated carbon nanofibers.
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A48l = Sl met Ols 93 A7t S7kshe o=
o|& ThA] ERIE &= AATE

KOH &/slo]| M2 Yxgbtidf &
3171 915l Cls, Ols 2 E-HS 717} Figure 33 Figure 4
o YepAZ, 7+ ZHE- ] tigk dE 3l 25 Table
20 A2 st3iTt. Table 20 YERH vEe} o] C-C(sp®), C-
C(sp’), C-O, C=0 %719 Tk KOH &4JslskA] 282 CCF
oM k2t 72.1, 19.8, 6.3, 1.9%= YERHSITH 3 1-KACF
= 22 726, 169, 6.6, 3.7%= JER L, 2-KACF= 2zt
7} 708, 17.5, 8.5, 32%% YER) YoM, 4KACF= 247
68.8, 18.6, 9.3, 3.3% 123 8-KACFE Z}7} 66.1, 204,
9.6, 3.9%= YESTE 9] Azel 7o) CCF, 2-KACF, 4-
KACF, 8-KACFol|4 C-C(sp?)2} C-C(sp)2] ¥ o] &
o] z}z} 91.8, 88.3, 87.4, 86.5%% FX} 744319, 1-KACF
= C-C(spH)9] ¥ = 3ol CCF, 2-KACF2] 3= g3}
£1.8%% Y|4 vS=81 o C-C(sp’)e] I3 T3-S KOH
23} T STl mE fHadke 7AEs Bk

2B 57](C-0, C=0) F = ko] e 7hzt 82, 103,
117, 126, 13.5%2 A2+ Z7}ekth ol C-C(sp?)s} C-
C(sp’) 2] KOH &3l 2J3) 2kaa57](C-0, C=0y’t
A ER Aew ARHECG2 0=C, O-C, R-0*-C=0,
O*=C-OH ¥ =.9] 3o CCFolA z+7; 28.8, 32.9, 34.3,
4.0%S VFERITE. T3 1-KACFOlA 742} 28.8, 32.9, 34.3,
4.0%< JEMIAIL 2-KACFIA 22} 31.0, 46.7, 17.7, 4.6%
< YEP S, 4-KACFolA 7+ 382, 35.1, 20.6, 6.0%
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Figure 3. Deconvolution of the core level Cls spectra: (a) CCF; (b) 1-KACF; (c) 2-KACF; (d) 4-KACF; (e) 8-KACF.
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Figure 4. Deconvolution of the core level Ols spectra: (a) CCF; (b) 1-KACF; (c) 2-KACF; (d) 4-KACF; (e) 8-KACF.
Table 2. Cls and Ols Parameters of Non-treated and KOH Activated Carbon Nanofibers
. Peak position Concentration (%)
Component Assignment
(eV) CCF 1-KACF 2-KACF 4-KACF 8-KACF
C(1) C-C(sp®) 284.4 72.0 72.6 70.8 68.8 66.1
C(2) C-C(sp’) 285.5 19.8 16.9 17.5 18.6 20.4
C@3) C-0 286.3 6.3 6.6 8.5 9.3 9.6
Cc Cc=0 287.3 1.9 3.7 32 33 39
O(1) 0=C 530.1 28.8 31.8 31.0 38.2 414
0(Q2) 0-C 5323 32.9 46.1 46.7 35.1 33.8
0Q3) R-O"-C=0 533.3 343 18.3 17.7 20.6 17.5
04) 0'=C-OH 534.1 4.0 3.8 4.6 6.0 7.3
I2]3 8-KACF= 72} 414, 33.8, 17.5, 7.3%S YeRHATH off YeRHItt. 1-KACF, 2-KACF Z18]3. 4-KACF9] §2%5
o|Z o 2HE KOH 43} v 710l e Akk 357 & L3402 0.05 PIP(CSAE )Rl A F2HgFo] =7
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Figure 5. N, adsorption-desorption isotherms of KOH activated
carbon nanofibers at -196.15 °C.

Table 391 2] 3o YERNSITE Table 3914 & 4= 1=0],
KOH 43} 5= Z7}e] W}t 1-KACFS] HEHA R} 7]
Zt 14,26, 338 ©]% S7F8IIT) o= KOHS| K7} ¥4
SsH=S Al A8k 71EA KF gadiiE &

A ka‘fﬂw_i’%i oAl g2 WW FE 5

3L TR &, KOHO 9]¢k E4d3l= A o]Fo7l &
@L}L—_H g O] uJToﬂ KOH7} % %-3}0] U}%ﬂ A (H)~3)+
o O
6KOH +2C — 2K + 3H,+ 2K,CO, (1)
K,CO;+ C — K,0 +2CO Q)
K,0+C— CO 3)
Bl = Yo 2ES KOHE @43} 2504 X8
= 59t KOS FAskL 2ol 848 A A4 K0
g3} Wk o) ohA] K2 SIEH, K07} e v

Table 3. Textural Properties of the KOH Activated Carbon
Nanofibers

sample oo Twe  Tae o Ru

()  (cmYe) (cmlp)  (cme) (%)
1-KACF 694 0.34 0.29 0.05 15
2-KACF 977 0.44 0.32 0.12 27
4-KACF 1774 0.87 0.39 0.48 55
8-KACF 2308 1.29 0.10 1.19 92

Ss: BET Specific surface area, V;: Total pore volume, V;.: Micropore
volume, V,.;: Mesopore volume, R, Mesopore volume ratio.

o U
o] F7Igtel whe} WA .

st Al esl=t € @ﬁmu é%k = &g}t FAelA
g A & ¢ lom, Ao STtel wet v
F7rehe s UrEME} et AZH7F U
3ol = 9‘%«1 gk A 2o nMFe BAE

714 ef vlEHA o] Q5|8 Frashs S vERtE® o)
2 AFelME &1+ d=Hl, 1-KACF, 2-KACF, 4-KACF
9 8-KACFe]| Pl F3l= 22} 0.29, 0.32, 0.39, 0.10 cm?/
g2 2 1-KACFIIA 4-KACF/HA & vlAlE 3971 718t
7} 8-KACFo| A wlAlg- H3 7} 7H48HE 43S Table 39
A 22 4 QUi 8-KACFZL miAlg 73] Hadw B
slal v o] Frtshe Al Yeek A7t wmshA &
4zt o] miAlE 7k Wﬂi FHEel FPEATE RS
WA 5= A er, ol T 9] g0l 77 12, 28,

37%E S7H&0| 7%7% Zow g1 o rh?

KOH 43} 5ol up& 38 AISHA Lolrr]
$18 Figures 634 79 27} vAlg EXTE Akl U=
S}=o] 2 (density functional theory: DFT)3 7415 H-¥ %
£ Al4FS BJH 7] & X X=(Barrett-Joyner-Halenda pore
distribution)S YFERN ST}, Figure 62] DFT 22X F2
B A9l 0.56~0.61 nm2] 7]F-& 0.19 cm’/g ©] O = 4-
KACF7} 7P B9k, 0.71~0.76 nme] 713~ 0.16 cm’/g ©]
o E 2-KACF7} 7P ol aahs eld &+ ot &,
AlFUHR7E 2 nm o]kl mlAlFe] Wae 4-KACF7L 7HE
AR & = Stk o] 2HE 53] o]iksieta F2to] 7t
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Figure 6. Density functional theory (DFT) pore size distribution of
KOH activated carbon nanofibers in the range of less than pore
diameter 3 nm.
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Figure 7. Barrett-Joyner-Halenda pore distribution (BJH) pore vol-
ume distribution of KOH activated carbon nanofibers in the range of
less than pore diameter 15 nm.
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Figure 8. CO, adsorption-desorption isotherm of KOH activated
carbon nanofibers at 0 °C.

w
1
.
a
\

Quantity Adsorbed (mmol/g)

[Line adsorption |
Symbol  desorption
L] l L} I T I
200 400 600 800

Adsolute Pressure (mmHg)

Figure 9. CO, adsorption-desorption isotherm of KOH activated
carbon nanofibers at 25 °C.
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