HWAHAK KONGHAK Vol. 37, No. 2, April, 1999, pp. 198-204
(Journal of the Korean Institute of Chemical Engineers)

QIAIEIMELL EMEIAM RO 28t YA ML
Cr(VD, Pb(D), Ni(IDQ| E354
upEE - AEE - AR - 0las - AR

SEEEEERE
(19983 79 239 A%, 19989 129 17 A=)

Adsorption Characteristics of Cr(VI), Pb(II) and Ni(II) by Granular
Activated Carbon and Activated Carbon Fiber in Aqueous Solution

Ham-Yong Park, Jung-Hoon Shin, Jung-Woo Kim, Chang-Ha Lee' and Woo-Sik Kim

Department of Chemical Engineering, Yonsei University
(Received 23 July 1998; accepted 17 December 1998)

2 %

sl S Gddad frol 23 S8AdellA S I VD, $), YAMS] FHEAS d7siac 2R
7S¢ BYFARL 28, VA eolglen, IARAR] A FIFHFL |, 2T WA woldld. R
Af7t Bagutel vis) SESo] 2o didt WA £ FH5E 2ol ed, FA5E = SRR Al S
2 3] wi-¢ wgieh Fatel A F= Q1AL F pHell 213 Wslelld 25, ', Y] A pHE 34, 11, 120]9) 21,
B FA pHr) &, 2F, Ul W8 22t 8.0, 3.0, 9.0 2ol ich. AR e FARLAR F oA F
ZA] Bl FYFHFE Langmuir 524 02 2 #3d% 5 glgich

Abstract— The adsorption characteristics of Cr(VI), Pb(I), Ni(Il) in aqueous solution using activated carbon and activated
carbon fiber has been studied. In case of activated carbon, the equilibrium adsorbed amount of Cr(VI) showed the largest
value and followed by Pb(II) and Ni(I) respectively in a continuous stirred batch system. However, in case of activated
carbon fiber, the equilibrium adsorbed amount decreased in order of Pb(I), Cr(VI) and Ni(Il). The activated carbon fiber
showed much higher adsorption capacity and adsorption rate for the heavy metal ions than the granular activated carbon.
In the activated carbon, the maximum adsorption amount of Cr(VI) occurred near pH 3-4, while that of Pb(I) and Ni(Il)
was near pH 11 and 12, respectively. The optimum pH conditions for the activated carbon fiber were about 8.0, 3.0 and 9.0
for Pb(II), Cr(VI) and Ni(Il), respectively. The Langmuir isotherm agreed well with experimental data for both activated

carbon and activated carbon fiber.
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Fig. 1. Schematic diagram of batch adsorption apparatus.
1. Temperature controller 3. Atomic absorption spectroscopy
2. Water bath 4. Magnetic stirrer
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Fig. 2. Adsorption isotherm of Cr(VI) at 298 K(Initial pH=8.7).
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Fig. 3. Adsorption isotherm of Pb(I) at 298 K(Initial pH=5.2).
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Fig. 4. Adsorption isotherm of Ni(I) at 298 K(Initial pH=6.2).
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Table 1. Parameters of Langmuir model for adsorption of Cr and
Pb onto GAC and ACF

Adsorbent Adsorbate q.[mg/g] k[1/ppm]
GAC Cr 10.71 1.207x10°°
Pb 19.92 2.863x107*

ACF Cr 52.19 1.215x1072
Pb 67.01 1.938x 107"
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Fig. 5. Adsorption rate of Cr(VI) on (a) activated carbon fiber and
(b) granular activated carbon(Initial pH=8.7).
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Fig. 6. Effect of pH on adsorption of Cr(VI).
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Fig. 7. Difference of pH between initial and equilibrium state on ad-
sorption of Cr(VI).
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Fig. 10. Effect of pH on adsorption of Ni(Il).

b BARE A el d) Fao) wlulsh} puelE e
YT TS} T 3422 AaAge] AR,

323,974 §%

UAR g pH 3ol 67717 F3Hao] nlnlsicr} sl 54
o A% F4%) 3712 Holn 98-S Fig. 1044 2 5 3ok &
3 pH 28& 347 2oke wel pH 6 A A FAe =23, %
oA EA HwY W AL FHHA ke woiFT gle.
o, ol FAELA Yol BAH w} olek. Teh} pHo} 12 29
A A FAF F7he pH 240] UslS A9 TR 100 o]
Aol sl U] FA4L, WA pH AN} e & 4 ek

o9} e ATHe ol Al A} slAr}A 2 AL -89
#oll4] Ni¥, Ni(OHY', NiOH), NiOH);, 5-& wji= whaiol $45he
e pHYE PSS, E& pH ¥ E SHsE Poa
A AA71A Q™ Aol 710 A0z oot FAA} S
o) 718 45Age] FAYel 2 T YL T 5 3ok =
U H4E 9] Jeldle Ae] F whed o2, o
A} o] FAANN AR 34 WA o] 712 Do g
2] edod o2l pHIS}e] W2 22 wishe] Aol} wlulsioich.

Fig. 114 7] pH} UA F458F pHole) Ajo]F hehied
o SR} YR BT ol pH BT Sa
FeIE 2o gleh. oA VAR AE FHo] Wol W
F& pH ol il ()] wheol o5 AREE & 4 9o
[20].

2(COH)+Ni* > (CO"),Ni*+2H" @)
2(COH)+NiOH’ <> (CO"),NiOH"+2H" ®)

22t AR AS- dat o] A el 9]¢ ukg vl
Fo2 oes] A9E & glon, 23)8 $41817](0H W} $As)
EALR Aggc}

3-3. M= pHOIMO) BatmY

o AYATE vl s AU FEE BRI uo 94
T FHY5S B PADLAFol e HH pHEAGNN =E,
s V7o) e 3y F29e Langmuir 5400 ot fitting 23}
st 37 Fig. 126l vhehiigl o, 7} o< ZhE Table 20 22
vebisich 2ol # 5 Q%] A pHelAE Fakeko] pHr}




GACS} ACFol| 2]gt 5-g-914kol4e} Cr(VI), Pb(I), Ni)e] &35 203

3 T T T T T

r O GAC at 500 mg/L

PHeguitibrium “PHinitiat
o
I

2 @ ACF at 100 mg/L

-1+

pHequi!ibrium 'pHinitial

2

Y M N B SR N S
0 2 4 6 8 10 12 14

pH

Fig. 11. Difference of pH between initial and equilibrium state on
adsorption of Ni(VID).

initial

500

3 400

=2

E

3

2 300

=

[«

(73

T

(]

a 200

[

3

2 ® Cr(Vl), pH=3.0

< 100 ®  Pb(ll), pH=9.0
A Ni(Il), pH=10.0
—— Langmuir isotherm

i ! I L

0 |
0 300 600 900 1200 1500 1800
Initial concentration [mg/L]

Fig. 12. Adsorption isotherms on ACF at optimum pH conditions.

Table 2. Parameters of Langmuir model for adsorption of Cr, Pb,
and Ni onto ACF at optimum pH condition

Adsorbate q.[mg/g] k{1/ppm]
Cr 362.9 6.416x10°°
Pb 438.4 1.725%x 107
Ni 230.6 5.289%10°°
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