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Efficacy of Cu(ll) Adsorption by Chemical Modification of Pine Bark

Se-Keun Park - Ha-Na Kim - Yeong-Kwan Kim'

Department of Environmental Engineering, Kangwon National University

ABSTRACT : Korean pine(Pinus densiflora) bark was evaluated for its adsorption capacity of Cu(Il) ions from aqueous solution by runn-
ing a series of batch experiments. Prior to the tests, the milled barks were treated with 1 N NaOH or 1 N HCI to examine the effect of
surface modification. For comparison, untreated bark was tested under same condition. Within the tested pH range between 3 and 6, NaOH
treatment increased Cu(Il) adsorption capacity by 139~ 184%, while HCI treatment decreased it by 37~42%. Maximum copper ion uptake
by bark was observed at pH 5~6, but pH of solution was not a potent influence. A pseudo second-order kinetic model fitted well for the
sorption of copper ion onto bark. For NaOH-treated bark, the calculated sorption capacity(g.) increased from 6.58 to 12.77 mg/g, while the
equilibrium rate constant(k,) decreased from 0.284 to 0.014 g/mg/min as initial Cu(Il) concentration doubled from 100 mg/l.. A batch iso-
therm test using NaOH-treated bark showed that equilibrium sorption data were represented by both the Langmuir model and the Freundlich
model. Tt was confirmed that carboxylic acid of bark was involved in the Cu(IT) adsorption. For NaOH-treated bark, in particular, carboxylate
ion produced by hydrolysis or saponification appeared to be a major functional group responsible for the enhanced Cu(ll) sorption.
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Fig. 2. Effect of the pretreatment of bark on copper removal
in the pH range of 3~6 for initial Cu(Il) ion
concentration of (a) 50 mg/L and (b) 100 mg/L. Bark
dosage: 1.5 g/100 mL; temperature: 20°C; time: 3 hr.
Data shown are average values from duplicate mea-
surements. UTB: untreated bark; ATB: acid-treated bark;
BTB: base-treated bark.
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Table 1. Effects of esterification and hydrolysis reaction on
Cu(ll) uptake of bark®

After hydrolysis
of esterified bark

1 N NaOH 1 N HCl

Control After esterification
bark” of control bark

Cu(ll)
uptake(mg/g)
*1.5 g of bark was added to 100 mL of 100 mg/L Cu(Il) solution.
The solution was shaken at pH 5.0 for 180 min at 20°C. Data
shown are average values from duplicate measurements.
® untreated bark(UTB)

2.75 1.49 6.60 1.44
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Fig. 3. FT-IR spectra of the raw bark and NaOH-treated bark.
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Fig. 4. (a) Copper sorption capacity and (b) pseudo second-
order adsorption kinetics for UTB(untreated bark) at
different initial Cu(I) concentrations. Initial pH: 5.0;
bark dosage: 1.5 g/100 mL; temperature: 20°C.
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Fig. 5. (a) Copper sorption capacity and (b) pseudo second-
order adsorption kinetics for BTB(base-treated bark)
at different initial Cu(II) concentrations. Initial pH:
5.0; bark dosage: 1.5 g/100 mL; temperature: 207TC.
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Table 2. Pseudo second-order kinetic constants for UTB(un-
treated bark) at different initial Cu(Il) concentrations

C, e k2 Rz
(mg/L) (mg/g) (g/mg/min)

21 1.23 0.135 0.9976

52 2.17 0.038 0.9921

79 237 0.033 0.9915

Table 3. Pseudo second-order kinetic constants for BTB(base-
treated bark) at different initial Cu(Il) concentrations

Co ge k

2
(mglL) (mglg) (g/mg/min) R
100 6.58 0.282 1.0000
150 9.80 0.048 0.9997
201 12.69 0.018 0.9987

FREY tigd 52 g AN FHY A
A 92 A JFHAE Y5 Fa% FEolt FFEY 2
FE ol&3Y FF4& B FFA ¥ #AERFH F
FF 92 JG=E ¢ F Atk FALIEEAE 4 (59
Langmuir 2943 4] (6)9] Freundlich 2dAlo] A -L3%
on, I AIE Table 4o] Jehfigith Table 49} o] UTB
¢ BTBE] Cu(ll) FF5H2 F7HA 249 98 25 &
8 Aoz yestth &5 UTBY Z-$+& Langmuir
2de JjFHez o & FFEHJY

Freundlich 5249 Kr FL2FE 39 Cul) F&F
o] FAFUEFS ol &% IAYE FHHE e WS
F Ao, 0144 1 Atold] Y= In e FIEIHfa-
vorable) &#& 9lwgch'” Langmuir S0 2R\ A4t
% BTBY] gmux$t b ZHZ 1420 mg/gdt 0.52 L/imgol Qe
H, 53] BTBY gmae UTBY gma®t Bl <F 5.96)7}
ESTh Langmuir 524]¢] 7]1E3Q 42 F3d %
9l separation factor(R;))Z Ve 2 qlu}'®

R,=1/(1+5sC)) (10)

4714 b Langmuir g0l G CuD9] 2715%(mg/L)
o/, Table 5o} “tebdl ule} o] R, g2 F249 FH
£ gugch 0914 1 Alel9] R F& F5F FFL 9n)
3=d),'® BTBS) R, 2k 0.01¢14 0.02 ¥$jo|glen, UTB
9] Ry, 7H2 0.02¢14 0.08 Holgith

Table 4. Isotherm constants for Cu(Il) adsorbed onto UTB
(untreated bark) and BTB(base-treated bark)

Langmuir isotherm

Freundlich isotherm
G’ B’ R K& 1n R
UTB 276 017 09825 | 112 026 09782
BTB 1362 070 09929 | 536 035  0.9855
* gua(mg/g); "b(Limg); ‘Krl(mg/g)(Limg)")

Bark
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