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The carbonization and activation conditions for the PAN-based ACF of various grade were investigated to obtain the optimun
activation condition with high surface area. And the surface properties and the absorption performance of toxic gas for terror
were examined toward the PAN-ACF with the highest surface area. In the test results the surface area increased with in-
crease of the activation temperature, but decreased with increase of the carbonization temperature. After carbonization con-
dition (900 ‘C-15min) and activation condition (900 ‘C-30 min), we got the ACF with the highest surface area of 1204
mz/g. In the absorption test of iodine and toxic gas for terror, this ACF showed more excellent absorption performance than
the existing carbon-based adsorbent. Also, in order to give the function characteristic for a selective absorption, the stable
nanoparticles of the Ag, Pt, Cu, Pd were prepared and impregnated on the PAN-based ACF in replacement of the existing
method supporting metal catalysis. And were analyzed the surface characteristics and the SO, adsorption characteristics. In
the SO, absorption performance test of the PAN-ACF with the impregnated nanoparticles, it wasn’t change breakthrough
time of Ag, Pt, Cu nanoparticle supported the PAN-ACF comparing with breakthrough time (326 sec) of the non supported
PAN-ACF but Pd nanoparticle supported the PAN-ACF achieved excellent SO, absorption performance which has break-
through time 925 sec.
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Figure 1. Experimental procedure of ACF.
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1. Peristaltic pump 2. Flow meter

3. Steam generator 4. Mixer & Preheater
5. Sample plot(alumina tube)

6. Activation furnace 7. Absorber

Figure 2. Schematic diagram of apparatus for activation.
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Figure 3. Schematic diagram of experimental
vapor-vapor penetration.
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kg R FARFEE E 937 (Perkin Elmer ATD 400)°l 4%
4

=

1T
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2.3.1. Materials
& UdAE Azl g8 ATAIZE AAk(AgNOs, Aldrich,
99.8%), 4 IMAEFZ 2 SR (H,PtCl - 5.7H,0, Kojima Chemicals
Co., Ltd., 99.0%), A2k Al o] 78] A<=3HE(Cu(NOs), * 3H,0, Junsei Co.,
Ltd., 99.0%), A2t ZEHF(PA(NO;s): - 1.9H,0, Kojima Chemicals Co.,
Ltd., 99.0%) &= AH-3F3ATE $~2FHE H(NaOH, Samchun Chemical,
98.0%) 3} 223152~ VFE H(NaBH,, Aldrich, 99%)-2 Cu V=) &F A %
T ellA] SHA| = AR QAT
Z2n]d ¥ Z2)% (poly(N-vinyl-2-pyrrolidone, Aldrich, %41 10,000),
T-AHIE H (HOC(COONa) CH,COONa), * 2H,0, Aldrich, 99.0%), ©F
2l o} 1 (spray dried, Fluka, 99%) 52 #-2HA| 2 ARE-E| ] 0w g
= o[ §F& (Duksan Pure Chemicals Co., Ltd., 99.9%, absolute grade),
<7, o A=) F (Duksan Pure Chemicals Co., Ltd., 99.8%) 5= AH&-
skt

2.3.2. Ag LH=AXE M=
aE Aol Agel FHFEFo] 2000 ppmo] =
o] A SE3telA A2elA] 2F 30 min &<t

3
AlFk o] 8NE 1 CT/min®] SEZ $-23t] Hl537H] &5 &

25k M17 3 ® 5=, 2006

Table 1. Toxic Gas Experimental Conditions

Air Flux 1 L/min

Test Cell Modified Dawson Cell

Sample 2

Area 100cm”(1pad)

Toxic Gas S; (blister sort) : 20 mg/m3 of air

Input Conct S, (nerves sort) : 10 rng/m3 of air

Temp 32+1.0 T
RH 80 + 5%
Degree

> 0,
of Purify = 85%

Accumulation Conct

after 24 h penentration

S (CICH,CH.).S) : 4 pg/em’ |
S, (C/HiFOP) : 125 pglem® |

Output Conct
after 24 h
penentration

GC Detector
& Column
model

FPD (Si :S mode, S, :P mode)
HP19091S-433 (HP-5MS)

i ¢k 6 h T SRS FHEe] 2000 ppm2] Ag FEO|EE
Azt o)A Axd FEO)TE &R 3438t0] 100 ppm
7} 1000 ppm2] Ag FS 2= FRO|=E AT

2.3.3. Pt LE=QIAF X =

112 h &<t LA AT EAAIZE BT S38llE $ HPtCls - 5.7H,0

= 2341713 95 ColA 2 h F<F 78-S =a3F] 2000 ppm <]

Pt FEO|=E A X3 oA Az FRo|5E BE 345}
=

¢ 100 ppm} 1000 ppme] Pt TS Zh= TR =S

234, Cu LEAXE M=

Cu Y= AE Axsh7] Ykl WA FAH|Z PvPel ofgiilof 1t
2 Z47F A F0 4 wi%s) 1 wi%} HEE ogdll Su)Fe] Y
AR F48ea YEFH A EFS Y A=A 12 h
ot FaAITE EAkASF A7 B 88lE - Cu(NOs), - 3H,0
= 93 196 CellA 3 h &<t #FR-S 35k 2000 ppme] Cu
FROI=FE A|FsGlth olgA AxH FRO|=F oEFEE 3|48t
o1 100 ppm¥} 1000 ppm2] Cu EFE 2t FEO|=E AX3IAT

]

o ot cet

23.5. Pd LI RIX; M=

Pd WedAE AZ3l] flste] WA BAARE AASEL] 4 wi%
o sz PVPE ollgdl FlZol ¥ar AF=ollM 12 h < Ea8)4]
ZAtk. A7 B g8lE 3 Pd (NOs), - 1.9H,0Z 8-3A17]13 160
CelA 30 min 5+ -FEH-S-S F33te] 2000 ppme] Pd FZo|E=E
Azstolct o]gA AxH FERO)E=E CvbEE 348t 100 ppm,
1000 ppm] Pd S Zi+= FEO|=F A3

236, 5 LRt ®HE

A ACFE Alzshs @ oss H3 ool 3
T N ARk AR ol8shs SEhol flovt & A
ellMfi= 7gol xhastal o] Mlua] =7 5= Figure 494 22

S o] 881tk M3 T4 PANA| ACFE 100 ppm, 1000 ppm
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Table 2. Adsorption Characteristics of ACF by Steam Activation
Carbonization Activation BET surface area Micropore volume Total pore Ave.rage pore

Sample Temp time Temp time (m? o) (cm’ o) Volu}me diameter
() (min) () (min) (em/g) (nm)
ACF-1 1000 15 750 20 361.20 0.1213 0.1501 1.480
ACF-2 1000 15 750 40 373.51 0.1247 0.1556 1.667
ACF-3 1000 15 800 30 427.40 0.1460 0.1754 1.461
ACF-4 1000 15 800 40 464.40 0.1603 0.1915 1.469
ACF-5 1000 15 850 20 634.26 0.2162 0.2623 1.471
ACF-6 1000 15 850 30 740.75 0.2397 0.3089 1.668
ACF-7 1000 15 850 40 760.35 0.2451 0.3167 1.666
ACF-8 900 15 850 30 848.84 0.2693 0.3553 1.674
ACF-9 950 15 850 30 834.21 0.2655 0.3501 1.679
ACF-10 1050 15 850 30 405.52 0.1329 0.1686 1.663
ACF-11 900 15 800 30 426.67 0.1467 0.1759 1.470
ACF-12 900 15 900 30 1204.23 0.5290 0.5540 1.810
GAC - - - - 586.34 0.1120 0.7237 4.937
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Figure 4. The impregnation and dry apparatus.
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=24

Ag, Pt, Cu, Pd 9] % W=YAE H2sE PANAl ACFE] H]3EH
A AT 2 FReA9 dadAE dotry] $lste] BET
(ASAP 2010)2 #2313t}

wA ARES 383 Kol AR Ul AFEo] 107 torr o5tz =
744 6~7 h FRt BAXL 5, 77 KoK Ao 4=9] S7tel whE
AL7NA] F2E S7ste] v, 71 A4, A7 9%
< T8Itk HES Ag, Pt, Cu, Pd WAk JAtT7]E dotiy)
$13ko] TEM (2000EX 1T, JAPAN)S o]-8-3fo] FA4181glon o4 1
QA A PR nATRE B3] $1ste] FE-SEM
(JSM-6340F, JEOL Ltd. JAPAN) S o]€-&}0] i72E 43130t

242, FELUC-QYXE HESH PANA ACF2| SO2 &%
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Figure 5. Schematic diagram of apparatus for SO, adsorption per-
formance.
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AE e 249 FEE AR S 9 2A8hs ) (Instrment
type 1309, Innova airtech Ltd, NETHERLAND)® Beer- Lambert %]
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ZF ARl tist v Ea Ay w7 eRy], F ey W Ht 7]
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Figure 6. N, adsorption isotherms of ACF (After carbonization 900
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Figure 7. SEM images of non-treatment Carbon Fibers (a, b) and
treatment (carbonization 900 C, 15 min, activation 900 C, 30
min) ACF-12 (¢, d).

il

A Table 20 eI o8] ¥4 276l b wigls B &
At 257t SV, 8793 Alkto] SUFEE vlEd =7k
sl ghsl 257 S gk f-0) Hjm A hast
itk me, Ewel] FAE 71E2 IUPAC £ 715l meh 74
ool 2 nm olafe] wAl|Bolg o] B elpolN Sue v o
D3 BAE 4 B MIEALL ekl BHRLERY HET
7§27 ®37d 900 C-15 min, /95157 900 T-30 min®] v

Geke] Fa5247 900 C o ©skTolA] GAdshere] 7t
of m& F25-242 Figure 60 YERJSICE B.D.D.T 4 (Brun-
auer-Deming-Deming-Teller)[12]°]] w2} Az SdebiAdfe] 52
25 Type- 1 9] FHlE YERMI ST ©]= Park¥} Kim®] A3
(1317} fFAFSHITE Type- I 2441 oH-EQl 27]9] whe Ariste oA
9] Fak2 mAI71EAA Al (theory of volume filling of micropores)
o W& THEAS F2o|a & A ellA] el Fg ek i

)

KR
T

lo
N

22518t M 173 H 5%, 2006

(b)

(d
(@) Ag (b) Pt (c) Cu (d)

©

Figure 8. TEM images of nanoparticles
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o] 7187)3= nlAlFo] ohd F2bA| wHelA Yol thEAl: E2
o 71Q18H= Z[14] 0% ACF-12% tj§- ujAf|7] 30 & ahdkelo] g
Stk A EA(GAC) 2] 5 Type-11 2] HE|Z 2drfigto] A=
WA FHFE SRR AEE UEhs ZoFE Kot nAY]ae &
7 FZHAlE(mesopore) 5= o] = FAE ] QI 15,16]. B3
A9 vhaAdfrel @A 3 Al v Edd ek HACF-12)
el Kol Mg S dotir] ste] FARIAIER A S o] g-3fe] x
2,00081E-3} x 100,0008] €2 ¥23+ A7E Figure 70 YERASITE
B3t A S Bdddls JehbA] ol Mlgso] 493 Sl

= E3s] waEglor] vERAe] 2 YA FASS HHl
ATREE BS 2RI WA RES] Ak

3.2. PANJ| ACF &8s =Holda

Ao mEddS 7F ERERe) TS Soly] 9
slo] m=ro) Ele]g SA7EA A8 7]1E<] Mil TOP-8-2-5012] 7]
upeh et S HA7FAEAE159)2] FEEES 20 mg/m’ o
224 h B TN F FARHO| 2HE SAVAS BA% A
7} 0.19 pg/em’S VERY o] A3 ellA AFR-S u] Calgoniit-©] A}
3 ZAENO02419WD)°] YERA 0.61 pglem’ Bt} 58150 s,
EAZIAEAEE162)9] FUFES 10 mgm’ O & 24 h B T34
71 F FAFR AW 547kAE B4 A3t 0.08 pglem’ S
Eh) o]l A& M AREE v Calgoniilb o] UAFE A THNO2419-
wD)°] YeRd 0.44 pg/em’Brl $-Elgink 3k @ o= 1l vjdl
57 3R 5L =139+ KS- D-1802 W KS-D-1806°1 whe} A]
H3 A3 20t FAAYEL 1050 myg, WEH BF FHATL
210 mL/ge® YAE FAHL L= 1080 mg/g, MEAER: 190
mL/g)3} AR ke YERIQIEE oldA Fa4Adso] o A elA
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Figure 9. FE-SEM images of ACF by the impregnated nanop-
articles.
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Figure 10. SO, adsorption test result (breakthrough curve).
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Tx 2MAn

Ag, Pt, Cu, Pd Y'=%1A-S TEM (2000EXII, JAPAN) O & 2%}
A7} Figure 87 o] it 5 nme] YAV E PY3HA AkE o
SIemH Ag, Pt, Cu, Pd Y=AFE H2e XA o] nAlF2E
#A2317] 913ke] FE-SEM (JSM-6340F, JEOL Ltd. JAPAN)S ©] &3}
o] B¢ A5 Figure 90 WFERHSITE 271 ACFE] Holl= Vet
A E Ag, Pt, Cu, Pd Y=dAE0] 127 H2E o] 9ISl

3 54 ez 2 ACF AlEE] tist v B A v)A)7]y
79, & 71359 9 Bt 73AAE 5= Ny 71A F2el &% BET
Wel wiel Sk e 1 A¥E Table 3o YeRQITE L3t
e zke] 9 100 ppm] WeAHE &S ACFREY 5571 =

Ak edAh el o S0, FH5A 537

Table 3. Adsorption Characteristics of ACF by the Impregnated
Nanoparticles

BET surface

. Micropore  Total pore Average pore
specific .
Sample volume volume diameter
area (cm3/g) (cm3/g) (nm)
(m’/g)
Non-ACF 1204.2 0.529 0.554 1.81
Ag-ACF
1130. 232 .552 1.
(100 ppm) 30.0 0.23 0.55 95
Ag-ACF
1052. 22 .51 1.
(1,000 ppm) 052.6 0.228 0.513 95
Pt-ACF
(100 ppm) 1168.2 0.254 0.504 1.58
Pt-ACF
1044.4 22 4 1.
(1,000 ppm) 0. 0.225 0.475 93
Cu-ACF
(100 ppm) 1010.6 0.215 0.493 1.95
Cu-ACF
10. .1 . 1.
(1,000 ppm) 810.7 0.196 0.396 95
Pd-ACF
(100 ppm) 1104.4 0.252 0.534 1.93
Pd-ACF
(1,000 ppm) 854.1 0.229 0414 1.94

Table 4. SO, Adsorption Test Result (Breakthrough Time)

T Non-ACF Ag-ACF Pt-ACF  Cu-ACF  Pd-ACF
100 ppm 6 sec 258 sec 345 sec 258 sec 925 sec
1000 ppm 228 sec 143 sec 143 sec = 429 sec
2 1000 ppm 2.2 HZAZ] ACFE2] LA A 7] 5557} o}
2 gl ol w5 WedAE ] Hlard 22 1~2 nm 7]
o thegiztel FAAS S Bul7h 71 e w0 vl A e A

7)1 3RS HaAZ7) dFEolth sl Ag, Pt YAkl A vim
A 7)187F W oehgy} E& SR slo] FRo|E 98 tHEo]
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