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Abstract— The adsorption behavior for Cu(ll), Co(Il) and Ni(Il) in decontamination liquid waste on activated carbon
fibers(ACFs) and the effect of picolinic acid on this adsorption have been studied. The adsorption capacity didn't have cer-
tain relation with surface acidity, but that had proportional relations with surface area. At Pic/M=1.0 dominative species are
Ma’ic)g with neutral charge or M(Pic), with negative charge, thus large adsorption capacity can be obtained from reducing
repulsive force. At A-20 sample large adsorption capacity can be obtained from serving more active sites than the others.
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Agol AERE FAAZE T8 27| 2 B4 A7 Gels
of AzEh A4 WA SAeSAAHADALL Co., JAPAN) ¥ F
F(AT, A-10, A-15, A-20)F AHE-slgt). o] & BARALA R 72
A A4S Table 1o Aelslsich. ARs] A A= < 3
em o2 A} 23} SR 4 29 AAT F 110 CollA] 24417
Fat AzxAIA AHE3EgITH

2-1-2. Ak

Cu(Il), Co(e} Nil) 8- 247} CuCl, - 2H,0(Kanto Chemical Co.
Inc., Japan), CoCl, - 6H,O(Merck Co. Ltd., Germany)®} NiCl, - 6H,0
(Katayama Chemical Co., Japan)Z4] &5 99 % o]4e] S0k AF
f3}o] Yohs FE2 AlZ3eh 23k 2+ Picolinic acid(CHNO,,
Eastman Kodak Co.)5 AR&-3]t}.
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F2 B4 e E 5 e VIRSAS FHAY AT 2,
B 5o 72 BAS ARG g SRR RE
oA F o2 o]Foix glr] Wil A A HHER) HAE
0.005-1.0.2 AAsigon, N,g §3 7ka2 3t ) 54 714
%% #A] (Qunatachrome model Autosorb-1 MPYE AM8-3}ed 714 &
2 =42 et} & SAskal ske A8 o 20-50mgS 470
Koll4] 10 C/min®] &=2 2427} &7)8ted AF-E7} 10 *Pa o]}
7} HA & F AR Al BAAA A8 FAE A2 77K
AA Ak B A F2A AHE ek T2 42 4 A
o) gFEellA 287 o) Ae] F3 A7hE o] B A7) H 2% 3y
ZA3sleict. SAurrdR2] & v T A BET 4)[101% ¢]4-3}e
T35 L, t-method[11}E o148 wIAlF 325 3t} =3 Hor-

Table 1. Textural characteristics of ACF

Property Samples A7 A0 A5 A20
Sper (m’/g) 610 1210 1990 2100
Total pore volume(cc/g) 0.28 0.50 091 1.07
Ave. pore radius(A) 7.57 8.20 9.10 9.84
tce/g) 0.26 0.44 0.66 0.74

Wide micropore volume(cc/g) 0.02 0.06 0.25 033

Sger: surface area by BET-method. ty, : micropore volume by t-method.
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FA2A42] Cu(ll), Coi2h Nil)l R F3 AA 54 <
A2 2AEP) 8 SRR R THY Ak T BT 76
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=719 AAA &1L ¢35 F. T. I R(Perken Elmer, Model 1725X)
ub-& ARg-3lgd

3 SRS ol A Al i 371 Awkd #al
& 98 9714 29 087 Boheme] AHFH (1418 AHE-313
t}. & 971%r} 9 Al FF2 01N 97]4 §(NaHCO;, Na,CO;
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sor Model 682)% AH2-3}oq Arzele 0.1 N HCIg-H o 2 A3
At
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gole 025-4x107°M W Z 3ok $-94e] 27] pHFEL 0.1-1N
HCIZ} NaOHE A3 2Asigla, 24 Al A7l F 5% ool
=310, JAE JA-L 73] Y3 Cu(I)= pH 5, CoDe}
Ni(I[y2- pH 72 =4 3}%ich

25t el gEeate] 4 o] 29| FAel| v F%E 2AR]
3 7t 24 o] & F5o) tidt 9 E34 FE ¥ E 0.1-1.089 %
WX A F< o]gato] EAlshs FAA P vlawstdct. FAALE
& AF2(2540.5 °C)ellA] 120-200rpme] T Ao 71553} Al
B2 dA Az |44 amlelgon] 2 Gy Fellv 2AE Y
AlE-2)71 8 AHg-sted 300pme] $E2 F2f3ky ohA] HHE E o]
43 oa Ea)g F AT Fol AR 7 &9 Fxo HY
pHE 238t 2 34 o] 29 FaRRe 2] T ubs F 4
7 559 Aol 2aE Axtslich 7t F& 0] 29 e YAETE
3333 7 (Atomic Absorption Spectrophotometer, Perkin Elmer, Model
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Fig. 1. Pore size distribution of ACFs by Horvath-Kawazoe Method.
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Fig. 2. F.T.LR spectra of ACFs.
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Table 2. Acidic functional groups on surface of ACFs

Functional group Total
acidity
Sample Carboxyl group Lactone group  Phenol group (meq/
(meq./g ACF) % (meq./g ACF) % (meq./g ACF) % g ACF)
A7 0.10 9 0.11 10 0.89 81 110
A-10 0.05 4 0.12 10 1.09 86 1.26
A-15 0 0 0.02 2 0.98 98 1.00
A-20 0 0 0.29 33 0.58 67 0.87
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Fig. 3. Adsorption isotherm of Cu(I) on ACFs.
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Fig. 4. Adsorption isotherm of Co(Il) on ACFs.
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Fig. 5. Adsorption isotherm of Ni(II) on ACFs.
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Fig. 6. The pore volume and surface acidity of ACFs with respect
to adsorption amount of Cu(I).
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Fig. 7. Distribution diagram of Cu(l) hydrolysis product and copper-
picolinate complexes with Pic/Cu=1.0.

100

80

[*2]
(=]

—e—Co(OH), |i
—A— Co(OH), [}
—w— Co(Pic)" |! :
f —e—co(Pic), |i....i Y

—+—CofPic); |1 i

S
o

Distribution of metal(%)

20

12

Fig. 8. Distribution diagram of Co(II) hydrolysis product and cobalt-
picolinate complexes with Pic/Co=1.0.
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Fig. 9. Distribution diagram of Ni(II) hydrolysis product and nickel-
picolinate complexes with Pic/Ni=1.0.
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Fig. 10. Effect of picolinic acid/Cu molar ratio for the equilibrium ad-
sorption isotherm of copper on ACFs.
(Open symbols : A-20, Closed symbols : A-7)

4 FAel 71lske ALoE Hasle] Qich21]. 4 34 A8 oidt
9 Zg4ke] Bu)E WA A 73 33 &2 524 A7 Fig. 10-
120 Vepligich. 23 Az Re] v xds) S Rer) 2 A-
200] &3 g3k] A-79] F& fekuc) 22 4 4 dgled B
g itk AZh4 Eeenlrl 393 §3 5246 43e v
< & 5= ek Al £F 35 ol BF, T o] 2wl EAj3= A
Soll ¥3) 2 F=4E EAA] o] B ko] F& o] 0] FAH Y}
53] %% vt 014 wEc} 1.0 o o) g2 o] F34=gc)
ol2idt AAEL t&7) Zo] A 4 9ot FARALAH G A
pH7} 710122, A4 pHlA E55n] 1.0d o, A F< o] &1
the $4 A3l w1 & AFE e F45-9S394F FE0) A
L8 A3AE3N olEe] FAe] SR Ao widEn. & A



guRsdel 9T FR%e

7144 wparelo] Zhasta Qo] Fvkste] Fato] gelsial Aol

Fig. 10-12¢] slolel 2%E] Il that JFake] S5t
24z} 0, 0.1, 1.05 A8 A7 A-200] ofsf F2Ae F34E & Q.
(molgy& H¥ 5= Cmolh=. e Bl Al (K )RS 31 Table
30 hehiigl e o] gtel =7t F5E ] AASel 22 AL
ojulgtc}. 2ol it v ERALe] BEEn]7} 1.0 wlo} nlEUA
o] & A-20¢ o o] ¥& Bl ASK)E ¥ 5 Ak wEA
o5 20] B2l A|A Solq 2AYE &+ AU

4. 4 B

AR F2A - 38 5A4E 2T SRR

—m— Pic/Co=00 | |
—e— Pic/Co=0.1
—a— Pic/Co=1.0

Q, (mol/g-ACF)

C. (mol/l) (X107

Fig. 11. Effect of picolinic acid/Co molar ratio for the equilibrium ad-
sorption isotherm of cobalt on ACFs.
(Open symbols : A-20, Closed symbols : A-7)
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Fig. 12. Effect of picolinic acid/Ni molar ratio for the equilibrium ad-
sorption isotherm of nickel on ACF.
(Open symbols : A-20, Closed symbols : A-7)

Table 3. Distribution coefficient(K,) of metal ions from aqueous solutions on ACFs in the presence of complexing agents

KAllg)
Metal ion Concentration(mM) Pic/M=0.0 Pic/M=0.1 Pic/M=1.0
A-7 A-20 A-7 A-20 A7 A-20
Cu(Il) 0.25 0.2030 1.8299 0.2366 6.3714 1.6305 -
0.50 0.1329 0.5583 0.1423 0.8386 0.8010 39.510
1.00 0.0615 0.2112 0.0852 0.3329 0.5644 0.6946
1.50 0.0433 0.1442 0.0709 0.2025 0.4308 0.6151
5.00 0.0148 0.0484 0.0228 0.0545 0.2073 0.2628
Co(Il) 0.05 0.0853 0.6893 0.0853 0.5487 25.287 34.435
0.20 0.0556 0.1241 0.0640 0.2174 0.3764 0.6677
0.60 0.0350 0.0799 0.0367 0.1619 0.5808 0.5276
1.50 0.0267 0.0542 0.0301 0.0930 0.3109 0.3891
6.00 0.0095 0.0314 0.0187 0.0467 0.2073 0.2657
Ni(I1) 0.25 0.0000 0.0419 0.1184 0.2687 0.2701 2.1275
0.50 0.0042 0.0359 0.0863 0.1601 0.1630 0.4011
1.00 0.0054 0.0356 0.0895 0.1297 0.1304 0.2477
2.00 0.0059 0.0292 0.0826 0.1084 0.0973 0.1643
4.00 0.0046 0.0215 0.0645 0.1016 0.0727 0.1240

Pic : Picolinic acid, M : Metal ions
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