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A% o] A4 3 2h8719] & T35 8] $18}e] Calgonale] F-400 B4R 28 2 AAlst Falals
& A2E Foe) 27 A YT Azl on], AelE AT SRS dhruiol Fald) Hash] nsk
oh AR B WA BAe) el SEMI} Ak F3E AHesislon], Beb e Bk Al BSCA
(Electron Spectroscopy for Chemical Analysis), CHNO¥-4, slurry pH, IR¥-4]&- 333}¢Jc}. ESCA 240l 2]3}9 phenol,
carbonyl, carboxylic group?] u]&-o] Zbz} <F 20 %, 1%, 15 %=A] ebdrh. SA S 2N, 10N FAksls=49) 1N, 5
N, 10N¢] A4te 2 Ha]sl9l o & 44 gk Zh2t 247, 5.159) 9.62, 16.6, 19.1 %=, 723 BET ZH 0] 1,283,
941, 988, 840, 560 cm*/g.>. 2 veRdr}. 30 CollA] SARe] S FAMTE dglon, 2N, 10N] Fhakskisl 1N,
SN, 10N} Ao s 2|3 GAe M3t S ), 100ppm tEvjolgelolx] F2 AFPA 242} 0.56, 0.6, 0.65,
0.72, 2.21 mg/g?] F3E Roivh A huvjo} FHL 2 A4 Fh 2879 o wheld] Zvlslgied), o]
£ NH9}e| o] 2mdhso] &A% HHo] EAIF + 9= 2H87] FollA] 718 738} Akl carboxylic groupe) ofel| wla}
F7V8HArkL AR o, BET 2943 gtwv]o} F253te] AR A #AE 92 o 4 gl

Abstract— Surface modified activated carbons(AC's) were prepared by HNO, and H,0, treatment to enrich oxygen-con-
taining functional groups on the surface of AC's. Acid treated AC's were applied to the separation of ammonia from aqueous
solution. Analytical techniques used to examine the physical properties include SEM and N, adsorption method and those
used to examine the chemical properties include Electron Spectroscopy for Chemical Analysis(ESCA), CHNO analysis,
slurry pH and IR. From ESCA analysis, phenolic, carbonyl and carboxylic groups occupied about 20%, 1% and 15 % of
total functional groups, respectively. When AC's were treated with the solutions of 2N and 10N H,0, and 1 N, 5N and 10
N HNO,, total oxygen contents were 2.47, 5.15, 9.62, 16.6, 19.1 % and BET surface areas were 1283.6, 941.8, 988, 840
and 560 m*/g, respectively. NH, adsorption isotherms of AC's were obtained at 30 °C. For the AC's treated with the solu-
tions of 2N and 10N H,0, and 1N, 5N and 10N HNO; the amount of ammonia adsorbed from the 100 ppm ammonia
solution were 0.56, 0.6, 0.65, 0.72, 2.21 mg/g, respectively. The amount of NH; adsorbed on AC's increased with the total
amount of oxygen-containing surface functional group. Ion exchange ability with ammonium ion is thought to increase as
the amount of carboxylic group(relatively strong acidic group) increases. No direct relationship between BET surface area
of AC and NH; adsorption capability was observed.
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o Ao} A A ks AAH Lz oF 40 %] A4E 2
3737l 2l shehe] gella] FEE IR = dAlY F vlgL o)
712 E Y AL 3-8 A5z Qi
A431HEo] EY, Aot To SA"he AL $7d) 93
A s Ag uigitl. olE £, Ao -2 4 WA wid B3}
Hge] FEE A Aol F5Ect o] & wHE o A
o] A4kg FHaAlgle vt ol s NO; o4 NO; 2 H3ts]
oA, o|F A HEE Asto] 2L AL Ak4 $Hl S 3
< A ok AAWY 52 E fololAl AHHd ¢ =
g A A=Fe] krYolrt FEd 2 BF] wAs AR
A Eke] Yde] k. ruole] Hriil FA-e) A8k} o]
9 AAE A o] mIY, dashy, &3k 5o B2 3
A A2, v AEE o83 B3 59 A=Y Fol AHeE] gt}
AT o] Hope] Rl AL= T} Akl4 BAIE]
oF U7} 7AFAE 02 a9 dAEFEE o gagdd. gy
YA HelR ANEEE TR SARRS oA Edd Sele B
< A WS TR 2 R AR 3R 483 AR 3%,
EE THECE 71AE AR $8) A=) oleid £5E 93
Me AlZF=717) A, v EaEe] YaiF, mlAlAlge] wde) 84
go] F2 A8t dahg AR A5l AeAe, F345, Uk
A FANA 2] AL, ofshiole] 24 A T e 2-80] glo] &
Lon, go] 4ujE AN o YW v EAH B ope} FAe)
o] $RBEE A= 17) Aok Arke 2L HEsjo} gk
e W2 AL o] 43leA tlekyt $x00 A L3r] 93}
of AR el F2A, 3, A, Akx 5o Hrbfe] ApdE gl
olzidt ¥ MNAE F2 T4, pH 5 ZA=e) 313h8 QAo w3}
€ 57 918 d7EHen o]2 Q8 YL Ropollx]e] Fgo] 7}
&3H H%ict. gAe] Edo) ALRE FHAIF1E W el Al
A& HNO;, H0,, (NH.),8,05 53 7|44 & 0, N,O, CO, H,0 5
2.2 ek whye] A=A glr6-10]. o)2igt AspE o g clokit
el A2 i 2817 A S gl Atz e} o
A 24719 = AR} Akx 3 F1E dlg) 84
el B8 A5A-E 2 shEA SR 971H QAL Ao s
uHRe] 7] wjEoll, AbxE] SAJRRS Ao o5k FA RA}e}
7174 EAlell it F2 & o] 2wEso] ElebAl Hrh11].
Aol 7 FA = TS 3 FAute) Fabo] W
ol gt A7) o2 At uw, Puri $[12}¢ E&H(charcoal)s} 7}
E(carbon black)g- o]-g-8}o] Ak2 ekt gtmi]o} Fatsle)
BAE B} 714l 2ALsHg] 20, Tabony S[13}e Fodsis)
7He E¥(carbon black)ell &2 kR o}E NMRE o] 43le] =
3shA 28 FAsIgI o). Mahajan?} Youssef[2)= 24zt AajAl X
%2} HNO,, H,0,, (NH,),S;0¢] 2 Abx]e] SAJebs- o] 83)e] &t
A ¥ (column testy F3) twrjo} Fa5e] A uhye sy
3L, Zawadzki[14}= 284 2ho 2 28] MAIE carbon Zhol] Ak3}x]2)
T % Rl F350] WSS IR A o] 43} Alsigic).
2 A7elAE, AT A FAdete] TYA 853 gle)
= 78l skmuole] F3 Felso] wEa o Agkale] B4
2] A B3 4] wste} ko)l 3 s)ake 7
Wahed SR Folom, AbAle] Ade) aXuy) AFesie o 7}
A BAdwkell gk vl B2 fsie] FAEr ¥wie) Ee] saty
H422k oo} Fatate] A2 uls) wx) slgdr).

2.4 H

2-1. At 2| ghMERO| RI=

Table 1. Identifications of activated carbons according to various

treatments
Sample identification Treatment
Ca Calgon F-400 as received
CaP2 2N H,0,
CaP10 10N H,0,
CaH1 1N HNO,
CaH5 5N HNO,
CaH10 10N HNO,

A}-g-8xEko 2 Kuraray 4GS, Calgon F-400, Norit RO 0.82 A}&-
atadem o]9} Wahs|A Calgon F-400& E4E4 2 HNO HO,
2 747} AbAelg A 55 Azl H0,32)9] A% H,0,(Junsei
Chem. Co.) 2N, 10N Z}7z}+2] 4=8-9 300 mlol| 100 mesh o]} 24
g Calgon F-400 %18 10g '2-& F AF-LollA] 4847k wuts}n]
ABHA7) 5, d5) pHYL A SNA d7ix] SR4E ARG 3 A
7|2 (furnace)ell 4] 100 °CZ Azs)gict. AxH AL 3 o
71t 71A18] F3bel o3t Fa5e 28 wA|8kr] $18bed desic-
catorel] B33}t HNO, x]2]e] 3-$-= Calgon F-400 &A1& 10
g< HNO,(Matsunoen Chem. Ltd.) 1N, 5N, 10N £-olo]] 2.2 % 80
CellA] gofo] »F Z4d di7lx) 7pdsbda] mubslgl o, Akst
H AL =Y pHyl dASA w7lx] 10-208] A E 2552
AHE F A712ell4 100 °'C2 Az3lgct. A" SA=re 2
TF AAE Y34 suction filterE o]g-3e] ZF4-2 et pHA}
dFHA w7z AAslgon] 7+ NsEe FHAYA FRAD
203t Aol E #HA3}8l7] a4 200meshE a5ty Algsigic).
Zt A1 82] 73-& 913 715 Table 14]] vhehliodcl.

222, BEST

A zkel| B2 gkmyo} Fxe] ¥M3}24-S Indophenol-S o]&-3}
of dFo=2n By =9 A FAE5E Falgr). Sppm ¢
Yo} 49 50miz} 2HAJer 0.3 9] F§tele Fu)sla 100mpm, 30 °C
2 ambstA] AzZke] we} gtwyjo} L-AukS- syringe filter(pore
size: 0.45 um)E- o183t FE3girh. hxvjo} Lol e NH,CIAI-
drich Chem. Co.y& F-5<oll Joja] gl on, FaAF glu
Yo} $=& Indophenol *[29]&- o]-§-3}o] FaHak2 A}

23. 52 &3

el 2L 3y I A|7ke 71522 72} 1-200 ppm Aol
Tl A8t 5-& FAAES PYaigick. 1200 ppmAte] ) ekmy)
o} &4 50miz} FAvF 03g9) E3oiL £u]3 $ HCI NaOH
22 pHE 670 2390t} dgtl-g 30°CollA] 100mpmoE 7
HFlRiA] 7} sampled FY=AIe] A\¢ Fol| samplingsldc).
Sampling2- A¥3} gkwijo} goio] 2L syringe filterE o]
£3te] okmujol Ldnt &3y} FAake F4 A Fe] ohur]
o} F=9] zle]2RE] AAlslsic).

2-4. 2AZL0} 5= X

o}l xo) 2x)o Indophenol -& A3t c}. Spectropho-
tometer(Spectronic 21D, Milton Roy) 3}2-2- 630 nmel] 724 8}ed A}
43lg o kruole] Er Beers laws} HEEE 0-1ppmo s
s43}e] 2galgiel.

2-5. 22|F 8 B4
L] 39 A3 BAslr) 9181 SEM(s-2460N, Hitachi) 3
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A& sigic) 2 E1 FARE 208 TN wlo] Xl HEA
21 F, 3 Aol disiA 29 e Sk AgTEe 77
Kol N, 714 FZHASAP 2010, Micromeritics)ell 2%+ BET A3}
Z BJH(Barrett, Joyner, Halenda)] = MP(MicroPore)t-2- A3}
TF3tach. BIH {22+ 1030|449 A3 EEE MP {22+ 104
olstel AFEEE AT

2-6. SlEHE M BY

Qe shekd 54¢ B Aeled F Ak THoal orygen
content) ¥4, 3=t} pH =3, IR spectrum, ESCA %9 EA1-&
A= s}eic}. CHNO analyzer(CHNO932, Leco)S E8l) & 414 §a
< 3k} dEre) pHE 0.5g2) SAERS 50mle] 2750 Y&
Z 60°Ce 7193 0 7 COE A|A 3l pH meter(AB204, Mettler)
2 2A3]}9ic}. IR spectrum(Model 1800 FT-IR, Perkin-Elmer)e] =
A& 9814 KBrg matrixE carbon:KBre] &3t A3m]E 1:300
©.2 3l¢] 200 mesh o]5}2 A EH T F o] & A3} (pelletizing)
gte] 7} shAde) th3le] % (transmittance)E S 813}, IR 34
Al ZHAEAE A3 3l o] AlAE T8-S 7184
£4-& 33l t}. ESCA(ESCALAB-200R, VG Scientific Ltd.)Z A}
£3te] 8% 219 Abh 7 28719 vleS Sk 2w
£ 200mesho] A} R F s o] Zoll HFAAAA ok T
HEgle ] RhEelal "yS A3l 7] A2 F SR skt

3. @0 ¥ E9

3-1. GHMES| MIZB T

AR AlFTEE 4 ©E Ak 714 F2=S BIH H7
MPH-S o143} Ailsiglon, 7 AnE BET 945 7 Table
2¢]] A)3tgdcl. Kuraray 4GS+ B EdA o] ¥.ou} v 4)7]F(micro-
pore)o] Wol s o] 9lojA 7| AFAE 02 Mgt S ko))
A z+=] o, Norit RO 0.8} Calgon F-400-& 57]E o]Ake] 7]30] ¢
R 2458 ®]lvh 2N H,0,2 323 Calgon F-400(CaP2)2- v
A 7%, F71% 25 2 gAdgki F713) vk, 10N2 X=lg
CaP102 v A7} F - th7]Fo] ZF4ssic). CaP2u) CaP10 25
2 F3te] AT ¥R R o] FIH S-S ¢ 5 Aot X7 s}
= RolA] a¥gke}. Hbd HNO, A2l A wke] AlFF2d e
= W3 7HAge), At 240) AYESE ulgHAL A
# 7haslo] 10N A2) Aol =(CaH10) 24220 W E g 7h2s)
Adew, AFEEE HOAR 9} fARHA vl A7 F5 5 - 7] Fo)
vl vl 2 Aaghe B 4 9%

Table 2. Physical properties of activated carbons from N, adsorp-
tion isotherm at 77K

tavg, A) V,(cmYg) Vyxlem’/g) Spr(m¥g)
Kuraray 4GS 11.0 0.6552 0.0641 1155.6
Norit RO 0.8 12.0 0.4570 0.1831 1022.4
Calgon F-400 12.1 0.4979 0.2161 1155.6
CaP2 12.7 0.5471 0.2322 1283.6
CaP10 12.8 0.4195 0.1816 941.8
CaH1 11.9 0.4380 0.1416 988.3
CaH5 12.0 0.3839 0.1265 839.8
CaH10 12.1 0.2477 0.0938 558.9

I Average pore radius(2 V/A by BET)

V., : Total volume of pores with r<10A from MP method
Vi Total volume of pores with r>10A from BJH method
Sger: BET surface area
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olA%

{e) CaP2 () CaP10
Fig. 1. SEM images of oxidized active carbons.
[(@)-(d) : X 10,000, (e)-(f): X 4,000]

3-2. SEME 0|23 HME EH B4

Fig. 1¢]] Z}z} Calgon F-400(Ca)¢} AbA2] BAJete] SEM A}zlS-
B3k AaA | Aol AbAE]Er] de) SAdete] Hlwd AR %
e 7R wiste Ak 2700) APAASE 29 v} g5
& el 7H0AE B 5 dsich Fig. 19] ()2} (e wigo] (a)-
@2 224 2AAAQ vl we ZeksA]ut Ak A9 88
sk gAY 29 TR FeiE Wsls way
T ANt ol Aa Fae ¥ AFTEE Apola] AAkxie]A]
A FTEe] Wsr} ol =HA @A wsle sskra Aele
AFTEel ok kg MR ER AR v 2E o o
= UXge & 5 9ok

3-3. & &k B

CHNO analyzerg 53 &%) & Ak4 kg Faldct. o]
A8 A2 FF3 A 2E AE-S CO, HO, CO 5o
uHo] 71 A19] kS Aekshs whgoloh. CHNO ¥4 53 7+ 3y
= 3 4k 3RS Table 3¢ Yehlgie). Calgon F-400& H]£3
LT 5% o)3te] I Ak RS vl o AkxE] 276)
ALEFE AL Fodo] T71He B2F 5 9l CaP2, CaP10S
T Ak ] BF 5% AFoE Aslepo] Aoz Hglow,
HNOA 2] A= 1N(CaH1), 5N(CaH5), 10N(CaH10) 25 9% o]A}e]
Abs S Mo, 53] CaH109] A4 19.1 %742 271 o
T Atk 22 2-EA 9l Calgon F-400(Ca)232E] AFal2] 2 319
282 Il D el Ak2r} ArlE] ol ctw 2}
Ashd F7H Abae) ke Bl A4 Zvldl 7| Qldhhe $3)
7Fesiet. Exiaka: $71e] 33kl tla)4] Dimotakise} Cal[7]e &
At Aol AdE A $37] 4 ) 39 Ak
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Table 3. Total oxygen contents of activated carbons from CHNO

analysis

Sample Total oxygen(wt%)
Norit RO 0.8 4.23
Kuraray 4GS 1.85
Calgon F-400 1.62

CaP2 2.47
CaP10 515

CaH1 9.62

CaH5 16.6

CaH10 19.1

7P 9%57) 4L AL AXEG e ole a4 2F
o 71lglely At o] & Eal S EYoxx B Ao =
7hol| elajA Bof 3t ke w3 FrhE Ao A=

3-4. M EHO} TR Spectrum

A Ak FH2her)e) WIE Bslr] sl IR 24
#Baldeh. R $4A F7] Folt dl=e £717F 9lS S 1,000-
2,000 cm ™" A}o]9] peakell ZH] A o] YoJpm R o] WA|3)7] ¢
3 el AA" F71E Bl Yo £42 dsigdnl IR B4
€& 4 849 Ao 29 24715 $Fs) 9ste] LAt
AHS-El wh - shfo)r}[15-21]. Moreno-Castilla®} Ferro-Garcia[9]
£ A Abxeel] m2 IR #4418 E3)4 1,720cm’ peak S car-
bonyl 4= carboxylic group 2 2, 1,600 cm ™' peak-E Wl &l &) 2] Al
% Z]-5(stretching vibration)el] 2|3} peak &, 1,200 cm ™" peakol] € aA]
= ookt 27de] 7lssiclka Al 20, Vinkes} Van Der Eijk[8]
< dEYole} AL nkgo) 1aig ) WE 1,700cm ™ peak2)
ZHn2 €] 1,700cm ' ZA2] peakE carboxylic groupel] 2]&F peak 2.
T 3I8ITE. Zielkeo} Huttinger[22]= 1,723-1,724cm ™" peak2 car-
boxylic TE+= lactone 22 1,600cm ' peakZ WA 72]o)] 2]} peak
2 d9sld. o] Kazmierczaks} Biniak[23]5} Grzybek[24} 1,720
em & carboxylicZ, 1,585 cm & carbonyl2 28] 1,000-1,400 cm ™'
peakE phenoldl] 2§} peakels FAs}ict. oJ2] EHel] 2)shd of
A2 1,700 cm ™" peakel] T34+ carboxylic group 0.2 &}7e] <13
&} 1,600 cm 'S carbonyl o]v} WAl ]2 AJ7bE]nd, 1,200 cm
peak+= phenol == 18}9] Tl groupl B AR & 9)7Ae] o]
223 i}

A431E BARES Fol] @uka) peakr) WhAER] okgked), o]
= 24 IR Al - 2470} T3] aule] 2] g
o]t}

A A2] AR IR spectrum®] H3= Fig. 20 viehigic).
1,720 cm™" peaki= Caoll A= v}ehi}x] $hrhzh CaHI%E] Lpepsto.
o 29 E 1,585cm ™ peakE AHEE A4 ¥E) F4E G =
7¥8ka 9l.em, 1,200cm ™" peak ®FF AT} APYSE o =
Y peak £ Ul )T 918 ¥ 4 3loh IR spectum © 238 A4
A2 E B3 EHell g 28o17t ArkEn, A4 "ake
EEF AASE 24719 ofo] F715He 7t peake] Ald)A =7 W
Sl o34 o 5 ALt 53] F2EAQ Calgon F-4000]4 %= 1}
ehtA] o™ 1,700 cm ™" peak2} 1,585cm ™ peaks] AR 2] A o]
A ebskel AR ATl 2JshH 1,700cm = carboxylic group
< 1,585cm ™= carbonylolu} WAl wr2]ol] &]7} peakz}w el g
o} S A4t A2lol| 2)3}e] carboxylic group?} carbonyl T WA 3
2720 7Pt ddeS 4 5 sl

Tk A 2l9] 79 Fig. 20l 20 &A% peako] Wishe B

Transmittance

2000 1500 1000 2000 1500 1000
Wave Number (cm'1)

Fig. 2. IR specturm of oxidized Calgon F-400.
(Selected region : 1,000-2,000 cm ™)

°]x] 9=t} 1,000-2,000 cm Afo}] peakell A A4t Hele] -9}
H)S3hAl 1,720, 1,585, 1,200cm ' 3ol <kzke) wisbs} velyt
£, 1,720cm ™" peak?] 73-$-= CaP2el A JehlA] edthsl CaP
10 78 ek, 1,585em 9] A9 A7 FEr ALSE O
2 peakr} FA= G} FAdsla-e] A9 AlEF ) ofglo] ythe
327 o] Table 3ell4] FMbsla 2] A Abs o] 5
% vIREo 2] A 1IN A9 9.6 %HTIE e Yol & 4
Aet.

3-5. ®AERR| ESCA Spectrum

AR o EAsH Alao] stA A A ke 2
AtsE7] #1sted ESCARAS a3l9dr). Lee9} Kang[251e- EHAdeks
42} ESCA spectrum®] Cls peakel] 31914 hydrocarbon, phenol,
carbonyl, carboxylic groupdl] &t A3} x| gk& zHzk 284.7¢eV,
286.7€V, 287.2¢eV, 288.7¢Vel &t33lg) on], Zielke9} Huttinger[26]
€ oA sl slelA 2z 284.6, 286.1, 287.6, 288.1-289.1
eVell AgteliA] gh& #4-3}5ic). Grints} Perry[27)= & A h(bitu-
minous coal)®] AF}E E3F ESCA H4 |4 H¥ olli#] &= hydro-
carbon-- 285 eV, phenolic group ¥ ether group-& 286.2 eVel|
ketone¥} carboxylic group2- 2+2} 288 eVl 289.2 Vel &}s}sich.
AR A9 S A2 293 AR ¢ deae 9
3 AE 7] ofeifien dAve] ANz g3t A
L2p71 A2 fitting AHE 9L 4 Ui

ESCA A3} ol4] Cls peak?} Ols peak?] =% HE-L E3) 73t
Erlel] Ex3h= C:02] K17} u]$-& Table 4¢)) 2] 3l%c}. Akt
e} 3Fo] Cazh HAbA: 8]0 7.617 %2 713 2l on] AAkx]
DA HelFErt 242 ERALE £ THPL ¢ 4 913
3, CaP109] 7-$-& 14.368 %= CaH19| 16217 %1t} 2o} & 4
AR o] Aol dx)sigin.

Fitting Z3}ol| m}2 7+ 21878 Abciu]-8- Table 50 Yz)s}e]
£ o] 27}l 2J5}4 carbonyl group- A 2] £)8}2] .01 phe-
nolic group2 2= A wkelA 7H4F 2 uj 82 23k 2 carbox-
ylic groupS- CaollAHe] AXkA 2 5 ol we} okrke) Zo1e 9l
21} AAAE 7o g u]ee 2 W gt} CaP2E )95}
I 2 28719 vlEL Ao BAIgle] A dAgon Fa
phenol} carboxylic groupo] th EaJ3H-e & 4= 2T} Caol A5
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Table 4. Surface carbon and oxygen contents of activated carbons

from ESCA
Sample Atomic % of C Atomic % of O
Ca 92.4 7.6
CaP2 91.5 85
CaP10 85.6 14.4
CaHl1 83.8 16.2
CaH5 77.8 222
CaH10 76.9 23.1

Table 5. Contents of oxygen-containing functional groups on acti-

vated carbon surface from ESCA
Sample  C-C(mol%) C-OH(mol%) C=O(mol%) 'gilo(m"l%)
Ca 69 15 3 12
CaP2 68 26 0 6
CaP10 63 24 0 13
CaH1 67 17 2 14
CaH5 55 30 0 15
CaH10 61 20 2 17

= carboxylic groupe] 12% ZAsht HA AHEFH§3+4717} e
FAZ o Ak o5 Ao, CaP2¢] AL caboxylic group]
Hlgo] 6% =o)L EHAE 8493%%4] HA] carboxylic group
2] Adjape] A58 & 5 3w, o]+ IR peakol|A] Cas} CaP29)
A% 1,720em™ peakr} A9} hehbA] 2shesh Aol B u,
1,720cm™" peak”} carboxylic groupsl| £} peak & 70 = 5
Q18 Fch J7kect.

3-6. @A EH SIElHO| pH £X

AR 4ste s dg) pHE S3lo] 2A3lc). A5y
pHE 0.5 g9 BA%E 50mle] FF5o) B F, 60 °CollA] COAl
A FH& AXA pH meterZ S48} o0 7} FAJeke] getol pH
€ Table 60 “epfi%ic) A4 AR pHY} 63904 9.124] A
02 47]4E el e o] 43 AgAdle] pH} 2 o]
 ER Ake 3 44717 =83 A me)e] A% 29
basal plane®] Lewis base® 2}-g-3}7] wj# o2 #atgc}. H,0,4 ]
AR A9 bzl ao] o3t AkslE o 2 gEtdl pH) 6.04 %
Hell k=] A|RE A4t 2] gAdeke] A= AMY 3he7) o) gz A4
22 pH Fho] AHez ysgitt SA48e Algshi=g] Q4ilo] 3}
Absteinct o 28492 < 4 2ok

37, Lo &4 B
Fig 3o Ab2) SR F4 A2kl e hurfols] Sz

Table 6. Slurry pH of activated carbons

Sample pH
Norit RO 0.8 9.1
Kuraray 4GS 6.3
Calgon F-400 75
CaP2 6.0
CaP10 5.0
CaH1 4.9
CaH5 4.5
CaH10 4.3
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Fig. 3. Rate of adsorption on activated carbons.
(Initial conc. : 5 ppm, Temp. : 30 °C)

=
o

—a— Kuraray 4GS
—&— Calgon F-400

[

—&— Norit RO 0.8

o

N
T

o
(<]

Adsorbed Amount of NH,-N on AC's ( mg/g )
N

0 20 40 60 80
Equilibrium Conc. { ppm )

100 120

Fig. 4. Adsorption isotherm of NH;-N on commercial activated car-
bons.
(Temp. : 30 °C, Shaking rpm : 100, pH : 6-7)
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Fig. 5. Adsorption isotherm of NH;-N on HNO, treated activated

carbons.
(Temp : 30 °C, Shaking rpm : 100, pH : 6-7)
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Fig. 6. Adsorption isotherm of NH;-N on H,0, treated activated car-

bons.
(Temp. : 30 °C, Shaking rpm : 100, pH: 6-7)
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Fig. 7. Relation between slurry pH and adsorption amount of NH,
on the activated carbons.

o7z A$olH, B Aol e Bl tiFr Aspxse} ojEo] gtry
ool it Askx w3t F71EOR AbAE] 270] AESE dn
Yol F-3bo] Frlsldrta 2=} Tamon 59 Aol gl
7174elA 2] k=]l F-Ateke] 10N HNO, 2] ZAshe Aha-3lg]
< " 10mg/g o]AFolglar & A3 ] Fgfatelae] stmo} F3
%2 10N HNO, Xz] 84% A4 5mg/g o]sl24 Vepted|
olAF 71 A &Y 2] FAske] R} = A2 4
ZellAe] skrujol AL Abxe]d] o FAJwre] Fol Ui M3}
=98] Z7t AAA vhgel grYol 3-8 ATy WE
22 qAA}

Fig.7¢l #=te) pHe} 2=kt #AE Jehigich SAigtd)
w2} 2pe]= glont A= pHy| Yoo mhe} ghwifo} Fteko)
F7HHE B S st SA%-E 800-1,000 ‘CH =) #4135} 7A
< 53 R A2 o] HoX A H1, AF EH benzene 18] 2|
2o R d714S 9 SAwe] HEAA ety s kal
AR QA 97|24 AHgshs kol dIg F32e] Woy
AA e tryo} Relole e gt AT Ak gkn
et digh F252] 271 Asixe Edo) Ak F 28717}
B e3e, £3] 714 73 A2 el carboxylic group®] Z7}
7t o8 4L slEjla Y= Qubg o g gAdstehd v
FRA A glolA 88 Wi F sl AETEE 53] v AL
FAE o843 hrYele] 2o 9lojAE F8% 292 opd
< & & olvh. Table 20| A AJH ule} o] AAlx ] Aol v]EH
< AR FErt ARASE AolA 3 9lon} R gku]o} Fat
o 282 AME B 5 Qg Il A2 CaH109] A%
£ HEHAe] Cad] WHxnl oF Hglon} FHeke] Zrle 4.
Sl el2ict. Ax ghmujole] F24& AT mHo) EAlsl=
A - ARE71el Eska Bl AT Ezole Z ke ukx|
UeE FAT ok

4. & =

E d7dixe 714 2 B E de] AMgEE CalgonAle
Calgon F4003%-g SUEAR 319 o|F A Filskpie
A=]g Abxe] FAe Azl o) Norit RO 0.8, Kuraray 4GS
<9 A8 AREIS v RE Salo] BB o] 43 s gt
el 41} qkmuio} #2jof gt 7atw} 2 AL A} shsi).

38 ARl 90o1A FEUo} FAL A2 dojula] gfgkon],

HWAHAK KONGHAK Vol. 37, No. 2, April, 1999



164 AT - olAT

A& o] gsled AR v ghmue}l Falgo] F1EY
o}, Fakskea A7 AR dhrujol Falake gk Zolsgle.
o AR AL 450 Ax] FAEre] Frl B
ol vl AR 1,000°CHES] A3 AL F3) ] 4
Aefo] 2 ou] F o] benzene ring?| C, orbitale]] 2]3) H7)A3L v}
B2 gA] 97l gRYele] digk Askxr) A EA)3}x]
FotA] stmujole] Fato] Ao dejuiA] g7 wiFeld, Akxg] =
o] AHESE | B A 248717} PAA AR 2]
9} qtmifolele] U] o] 2wFb o2 1 FA5o] st
3 A w3k gryo}l Fa5w) v Ty ste] 2 gHql dw
& EAEA] A& 4 5 U dubd e g gAERL S0, ALO,,
Ca0, MgO 5-¢] t}&k9] ash& 3-'*-%}'3]'1 AUt o] ash AL 37 ]"6‘
£ He BHEA 9] B F%E F X Qi) s s
Agellx F2 A48 Calgon AHe] % ‘%8 v|2] ash7} AbedeF Xi]
A=]e] ash §Fo] 5% vlgte A ghwijole] FHEA = ‘1%%
G S vlx]7) gkoe]e)a ARI).

1%

re

=t

1. Petrucci, R. H.: “General Chemistry-Principles and Modern Appli-
cations’, Collier Macmillan(1989).

2. Mahajan, O.P. and Youssef, A.: Separation Science and Techno-
logy, 13, 487(1978).

3. Mercer, B.W., Ames, L.L. and Touhill, C.J.: J. Water Pollut.
Control Fed., 42, R95(1970).

4. Pressley, T. A. and Bishop, D. F.: Environmental Science & Tech-
nology, 6(7), 622(1972).

5. Barth, E.F. and Brenner, R. C.: J. Water Pollut. Control Fed, 40
(12), 2040(1968).

6. Tamon, H. and Okazaki, M.: Carbon, 34(6), 741(1996).

B5138 M37A M2% 19991 49

10.
11.

12.
13.

14.
15.
16.
17.
18.
19.
. Papirer, E. and Guyon, E.: Carbon, 16, 133(1978).
21.

22.
23.

24.
25.
26.
27.

. Dimotakis, E. and Cal, M.: Chem. Mater., 7(12), 2269(1995).
. Vinke, P. and Van Der Eijk, M.: Carbon, 32(4), 675(1994).
. Moreno-Castilla, C. and Ferro-Garcia, M. A.: Langmuir, 11, 4386

(1995).

Arico, A.S. and Antonucci, V.: Carbon, 27(3), 337(1989).
Jankowska, H. and Swiatkowski, A.: “Active Carbon’, Ellis Hor-
wood Ltd(1991).

Puri, B.R.: J. Indian Chem. Soc., 41(8), 586(1964).

Tabony, I. and Bomchil, G.: J. Chem. Soc. Faraday I, 75, 1570
(1979).

Zawadzki, J.: Polish J. of Chem., 57, 207(1983).

Ishizaki, C. and Marti,I.: Carbon, 19(6), 409(1981).

Friedel, R. A. and Carlson, G.L.: Fuel, 51, 194(1972).

Zawadzki, J.: Carbon, 16, 491(1978).

Friedel, R. A. and Durie, R. A.: Carbon, 5, 559(1967).

Friedel, R. A. and Hofer, L.L: J. Phys. Chem., 74(15), 2921(1970).

Mattson, J.S. and Mark, H. B.: J. Colloid and Interface Science,
31(1), 116(1969).

Zielke, U. and Huttinger, K. J.: Carbon, 34(8), 983(1996).
Kazmierczak, J. and Biniak, S.: J. Chem. Soc. Faraday Trans.,
87(21), 3557(1991).

Grzybek, T.: Polish J. Chem., 68, 1649(1994).

Lee, J.-S. and Kang, T.-J.: Carbon, 35(2), 209(1997).

Zielke, U. and Huttinger, K. J.: Carbon, 34(8), 999(1996).

Grint, A. and Perry, D.L.: in 5th Bienn. Conf. on Carbon Ext.
Abstracts, 462(1981).

. Kaneko, Y. and Abe, M.: Colloids and Surfaces, 37, 211(1989).
29.

Amold, E.G., Lenore, S.C. and Andrew, D.E.:
0ds”, American Health Association, 4-111(1992).

“Standard Meth-



