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Abstract: Recently, there has been growing interest in the study of removal of harmful and hazardous
pollutants emitted by industrial activities. In this study, we have developed porous activated carbon fibers
prepared by a water vapor activation method and analyzed the adsorptions of the harmful gases with
electrochemical responses of activated carbon fibers. To control the uniformity of pore structures, active
reaction areas, and active sites, the reaction conditions of activation temperatures were varied from 750 to 850
°C with the predetermined reaction time intervals (30 to 240 min). The SO, and NO gas adsorptions of
activated carbon fibers prepared by various reaction conditions were analyzed and monitored by
electrochemical sensor responses. In particular, the activated carbon fibers prepared at the reaction temperature
of 850 °C and time of 45 min showed the highest specific surface area (1,041.9 m%g) and pore characteristics
(042 cm’g), and excellent adsorption capabilities of SO, (1.061 mg/g) and NO (1.210 mg/g) gases,
respectively.
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1. A E

dHrx o2 SOx, NOx, ¥ VOCs (volatile organic
compounds)?} 22 QA F=4S T2 2 A A
o5t TAEAR AL }o] E(zeolite), B4-37| 22 A
(metal organic framework, MOF) 2 T}-34 B4
(porous carbon material) 5©| &85 1 Q). o] Fof A
O3 BALAZ2E ek A (activated carbon, AC)2}
A BF A B(activated carbon fiber, ACF)7} &2 A&
53 QeHI3) S8l §322 % AAE AR 9
of EAet Tt =2 ARREIL glow, Bt o
ket 500~1,500 m¥/go) chFt HERAS A 5 9
ok E3 Alx W 9 2o ok v Al 7] 5 (micro-
pore) u &8 70% o4 2 4 3lo] Holyk kA 2
Ao ZA Ax7t 71sskeH4,5]. 1y 9k (break-
through point) =2 A|7to] Zrof F2HA] wA] W=7} &
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2.1. 2HELAH R AZE ¥ JI35Hd=E
E o Lo]| A= PAN (Kolon Industries, INC.) 7] B4
%8 Azs & ookd £27] BHS 2050~
0°0)S wiEoE AT YA WA &
s 7E BHBLUR Az 20 g0l 2HL T
2 AWt B RE 047 E P2
oFs}7] €3 BET (Brunauer-Emmett-Teller) W] 3 H
2 ZHd]|(Micromeritics instrument Co., ASAP2020)
gafe] ulA7) % £AS HAstgom, Mg A
ig. 1, B]3HA 2 1]A|7]FE-2 Table 19 U
L7 B FAE 24 71AIN) &9
], 2H% 5°C/ming FA|5HHAA 3 &4
Z271(750~850°C)oll =&atd, 1 A|-EE =
10 mL/min)s} o™, o] of #=Z7]7} A4 E
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22. 7|48 4k 24

gL HFY WA dHE VAR s S
Ast7] 98l A AFAIE7I(SIMADZU, AG-X)E ©
|oto] st =57 S 2o E AlxH S
A =

]_

—_

N

NYES SR AR A
AR 0 ol 25 mmz Agstgon,

s e =
e o 7itge AFHT F, olE AH & fel
=HFL AFAIZ HAAZ F, 7 Ao AH
< WWsHA LA A

Temp.  Activation  Yield Sser Vmicro Viotal

%) time (%) (m'g) (emg) (em/g)
120 m 4555 6779 026 0.29
750 180 m 4013 7595 029 0.33
240 m 3308 8163 032 0.37
1h 4026  770.1  0.30 0.33

800 1h15m 3893 8172 0.32 0.38
1 h30 m 3481 9023 0.36 0.42

30 m 4542  662.5 0.26 0.29

850 45 m 40.76  1041.9 0.42 0.49

50 m 3494  735.0 0.29 0.34
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(o] Ll
. o . Total .
Superficial Initial Total Breakthrough  Saturation  Effluent Amount Total Adsorption
Velocity  Concentration  Time Time Time Volume Removal Capacity
Removed
Sample
Q Co total to.05 to.95 Verr Moyl Reotal Gotal
(L/min) (mg/L) (min) (min) (min) @ (mg/g) (%) (mg/g)
750_240 m 0.5 37.61 150 8.22 93.12 75 2.821 28.97 0.817
800 90 m 0.5 36.88 150 5.15 124.63 75 2.766 35.74 0.989
850 45 m 0.5 28.92 150 9.42 138.6 75 2.169 48.92 1.061
fr G A 107] ol Alxzstlow, 24 1094 ¥he 2 54 9kofstr] §13l Multi-gas detector (Teledyne
AL AP, o8 B =2EH ARgEo Technologies, Model 7600) XPH]E o] g-slo] EA o Ak
& Pk S ABgo) 712718 olgste] o 88 ARG 1 g SO, ¥ NO hA0) T A=
A ASE At 2 3Hel5tgich. S0,% NO 7hs EQAIzhe] uh2 24
SR B ARG e 2 AL AHgSte]
23. MIIEEY JtA A8 854 B4 AAFeEL L o] & Table 29} Table 3¢ vhebu it
PR x4 BAS B3] 99 o
A= AE Aze 22 gRlew, g d R T Ver = O * tiowl )
Herg skl FEE A WMol A= B Yo o
RN Z I, 50 mmo] v eolojE 1 o] 77} o™ 00 @)
RAAA A AFE A zeh Ay, v ojolo7} 1zt ottt g
# S 713,400 co)®] FYo A AR oH, o™ 000 5 3
o ZAAH fa7tA 1S EHS FoRskh A Gotar
Ry = ——x% 100 4
48 SHEI0 ppm I A SO, shag T]uko “)
2 558 2Aste] ST APeIH 7tae] _
&0 Ao s zF 7}(mass flow controller)S ©]-&-3} 4] (1)%_ FAE 31 7F2(S02, NO)2 HA| F Ve
o] 500 scemo.2 AASA fAYL, AFe) AP W LE ke FAeH Q (Umines ZTFERE, tow
3} Keithley 6514 system electrometer® =% 3}¢ch (min)2 37k A FJAITHE YEATE 4] 2)= &4
6], Sad g A% 1 gF £YH A Fh2ol A S0, NO
7F20l F mow (mg/g)S T-3h= 340l Co (mg/L)=
24. so2 9 NO 7IA BE 2N 24 AHEEE SO8F NO 749 Fr g Uetdnh 4] (3)2
Z7] B3 Aos B GY Sarta & 00 TR AF 1 gF EE ATl F2E Rl
300 300
“T@ g |® : |©
o 2504 o 250 B 2504
'“E, 2 - 2 ¥
-"E‘ 200 gznn- "E 200
sy T f 3
E Y Em-r E'M_F%
-BRUR iwo- gm-
£ ol —7s020m | E o) — 800_90m : .l 850 50m
-] —— 750_180m _— m = —— 850 -
g — 750_120m s — 800 o0m e a0 som
DD-O 02 0.4 06 08 1.0 nn.o 0.2 0.4 06 0.8 1.0 nn.n 0z 04 05 08 1.0
Relative Pressure (P/P ) Relative Pressure (P/P ) Relative Pressure (P/P )
(a) HFS2%: 750°C, WH-2-A|7F: 120~240 min,
(b) WHE-2%: 800°C, HF-ZA]7F 60~90 min
(c) HF&-2%: 850°C, WH-E-A|7F: 30~50 min
Figure 1. th¥sh 5:37] @48t 240] we} Alzd BARLESO N, FH5LA
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ol 83ko] AXTATE 4 @0l A Ruw (0)& TAT

>

521 80,2} NO 7k gz}%ﬁ Alibeh= ’L}O]q [13].

AAE A o]Q]of &=, 1A (breakthrough point) o
T} 3} A] 7H(breakthrough time: tg)2 t}-3-3} o] ZAA &
t}. w} )3 A (breakthrough curve)of| 4] C/Cy = 0.05 Zk
o statow AAsklal, I owj o] Ak whabA|
AAsFATE. e C/Cy = 0.957F H S o,
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Fig 2.0l A Yephd upe} gho], 4257] 2413t Al 7ka}
FH LEs FHESE BADLERY AR
(3_]_1]—13—/\47;1]_'_“:_ 114011]1— ﬂoi H—E]‘u'l:]— o]‘—
2z7] A5} vrS o7 03] e FZ7} CO, CO,,
H,O0 5o &2 B, 1 ztgjof 7]Fo] BAE7] o
ol B AH R 71741 Ar7t WolA= Ao
ettt whebA 257 ST ot g g
Bt A ST Bt Bha LRE ZHA| Hof utat ¢l
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=
L

A, GAASI BT Fasts Aol Ueu
Het. oled Aubs BATANGE Azl Yol
SETt £S5 £57] BAE RS Helste wa

SpEE - AR

29 FHol wol WAL, £FvIeke] wgol

)
-
g gdsiglol e o Wy 2 531 9 7]Fo|
P =7 wEolth21].
240
W 750_120m
220 L O 7s0_180m
X 750_240m
200 L M 800_60m
O 800_76m
. & 800_80m
180 - g 850 30m
O 850_45m
160 - = 860_60m
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igure 2. TIFRE T @A 2o wet AxH
Sk e A -G-9] Tensile strength-Tensile modulus L2} X,

33. BYEAMF HIISEH J1AA8 59 24
Fig. 3] y5& 27|14 o] 53 7tA8 9 F
Uetue A% tﬁﬁk(s%)e oluate, (R-Ro)/Ryx100
(%)= Lebd 4> qlrh Fig. 30jlA] urepd uhe} 3o,
37 B Azte] WE A Wk v st
S7tete A2 YEyth ol= oAl BET 4] 23}
ol A &gt Ajgke] Aol 45 v A o] &obA| i
oA AT T2 T % TR Anet g A
ol 7bsstth 71E Fx27F GEEeE A WIE &
oh= SO, 7h29] F2o] o &WUsHA dojuuz, ¢
e Fshd FHELHFAFE AFUEEol A
Al gehe Ao gHeld 4 9lgich E3, v mHE
o] 7t =2 850"C 45 min 7oA A3 SHEA
Aol A9 6_ OIT 7171 7F 7V

s ]
e 2ol A& 2ol SO; Zhsel ek W

semi-ionic 1nteract1on0§ Az} nglo] dojf= Eot
4ol WAoo B3 WAUZS 49T 4 o2,

gyt o g2 7]./\1\1 k] /\Xﬂi /‘]"Q“EPE _g_é\_ ]gv/]
Sn0,9} EF A= H (carbon nanotube):= P -typ e A
24, ABHNO, COs 742 5) k2t HEaH =

AAE @A Hof 7H oA o] A3 W=7t S
o 2 A3 2] o] P E R o] F A il
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— e iom (@) o[- (b) —— )

a 100 W00 a9 g ) £

n N " "
L 100 i) = dus i 600 '
Time{sec) Time (gec) Time (88c)

(a) HF-g&%: 750°C, ¥H-3-A]7k: 120~240 min
(b) WF-2%: 800°C, HWF-A|7ZF 60~90 min
(c) HFS2%: 850°C, ¥F-3-A|7k: 30~50 min
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850°C, 45 minZ 7oA A|zH TAerAM GO & .- ez} 45 min A AT TSRO FEREO

A AL 1.061 mg/gC. 2 7} & 9
min© & 7p 71 A7 Fob FEfo] o]Fo] 2 AL ¢

AnHom A7|A7re] ik ¥, 2HA4(S0,, Q13 4= gt

NH; &) 7F29F HE5HA =W 7tA2 g dAxE o Fig. 55 @A 2489 NO7FA F2F EA

Al Eol Ay Wmrh astal ofof wel H 2] g et Aolo, A7k W NO 7hA Fabee A4kt

Ho| ALtf& o]gste] M7 A3 o] F7ist= dAtol A= Table 39 LEFY It SO, 748 upakrpz] &

Journal of Adhesion and Interface Vol.21, No.2 2020



56 AT S I R I e ]
Table 3. B3} 278 o] VEUAS 2 BYGLHRY NOZLE B2 B4 24
. . . Total .
Superficial Initial Total Breakthrough  Saturation  Effluent ant Total Adsorption
Velocity  Concentration Time Time Time Volume Removal Capacity
Sample Removed
Q Co total t0.05 to.95 Verr Mgyl Reotal Gotal
(L/min) (mg/L) (min) (min) (min) (L) (mg/g) (%) (mg/g)
750 240 m 1 80.0 80 2.02 23.35 80 6.400 10.69 0.684
800_90 m 1 79.0 80 2.86 41.87 80 6.320 18.44 1.165
850_45 m 1 78.0 80 5.80 46.6 80 6.240 19.40 1.210

~ NO adsorption
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02 — 18t
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oo L L T L
] 000 =00 00 4000
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Figure 5. (a) Z4EH 4150 NOZIZ 3141 9 (b) 850°C,
45 minZZo| A AZE BHREHRY T 2H 884
H ]
-

850°C, 45 min 274 A 27 T2 NO
2 FAFEo] 1210 mg/go 2 7MY S48 AL 4
9lou, FIAZE 5.8 minO 2 7P 71 AJZE HQF

IREINEN

2 Fao] o|g A AL Belst & AT Eab, v
o] 242 NO7IA S xeFut mbajA|7ke] Z7138}

AeFS HYTH750°C, 240 min < 800°C, 90 min <
850°C, 45 min).

E3 AR FEAGS Hrter] Yl 33

A AASEAT I8 AF2 7Y =2 H]
¢l 850°C, 45 minof| A Az AL
of A¥E st WA SO, E+=
NO 7[A5 A& FEO Fds) 2492479 71
3Fol31 AL, AAe 2 Ao A No7tAE F4)

=
Fig. 49} Zro], SO, 7k o] gt 3|54 HAEES o
2 A%, A A S04 2 S027E2 9] (o)
2 1061 mglg, & WA 2 AL 0.794 me/g, Al M
A Aol A= 0.589 mg/gC & 55.5%2] 3]EdS LE
Wtk Fig. 591 o], NO 7k20] oj3t 584 gres
s A3, A WA ZHolN FAE NOzkA of
(rotal)= 1.210 mg/g, F+ HA SA A= 0.947 mg/g,
Al A Aol A 0.776 mg/g O 2 64.4%2] 3| EAS
wolth ol R HAES MEASE FATL
490 ke B2 BfAe] solal Ak, &
Aol A, ARl ZAGA F - GHo] oY ATh
e nHsdls o, 22 34 A AT H /Y 1
Al 7]-&°f Van der Waals force AH|2 S2E o] Q=
Froll7ba7E S8 B2 HA %] WiEdd A=
BeheTh THolE BARAES) FtL F2 4
F/do] vzt A Uehd ol f= mA7]E 25 2L
= AL H (7 Gl 7t S Van der Waals force

I} = A]of semi-ionic interaction®]] 7] Q13}7] wj
oz wekgEh
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