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Adsorption of Heavy Metal lons from Aqueous Solution by Chestnut Shell
Hyeon Yong Lee, Ki Chan Hong, Jung-Eun Lim, Jin Ho Joo, Jae E Yang, and Yong Sik Ok* (Department of
Biological Environment, Kangwon National University, Chuncheon 200-701, Korea)

ABSTRACT: In Korea, large amounts of chestnut shell as by-products are produced from food industries.
However, most of the by-products exist with no disposal options. Biosorption uses biomass that are either
abundant or wastes from industrial operations to remove toxic metals from water. Objective of this research
was to evaluate the feasibility of using chestnut shell as by-products for removal of metal ions(Pb, Cu and
Cd) from aqueous solution. The chestnut shell was tested for its efficiency for metal removal by adopting
batch-type adsorption experiments. The adsorption selectivity of chestnut shell for metals was Pb > Cu >
Cd at solution pH 5.5. The Langmuir isotherm adequately described the adsorption of chestnut shell for
each metal. Usmg The maxnmum adsormption capacity predicted using Langmuir equation was 31.25 mg ¢~

7.87 mg g and 6.85 mg g for Pb, Cu and Cd, respectively. Surface morphology, functional group and
existence of metals on chestnut shell surface was confirned by FI-IR, SEM and EDX analysis. The
chestnut shell showed an outstanding removal capability for Pb compared to various adsorbents reported in
the literatures. The overall results suggested that chestnut shell might can be used for biosorption of Pb

from industrial wastewater.
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Fig. 1. Adsorption properties of metal ions(Cd, Pb and
Cuw) from aqueous solution by chestnut shell.

Cd Pb Cu

R’ 0.72 0.73 0.87
1/n 0.163 0.648 0.278
K 3.72 216 2.35

K: indicator of sorption capacity
1/n: adsorption intensity
r: particle radius(cm)
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Fig. 2. Langmuir model fittings for adsorption of metal ions(Cd, Pb and Cu) from aqueous solution

Table 2. Langmuir model parameters for adsorption of
metal ions(Cd, Pb and Cu) from aqueous solution by
chestnut shell

60

cd Pb Cu
R’ 0.99 0.99 0.99
Gm 6.85 31.25 7.87
b 3.04 0.15 0.40

gm: amount of heavy metals adsorbed per unit weight of
adsorbent(mg g™)

constant related to the energy of net enthalpy of
adsorption

r : particle radius(cm)

b :

Table 3. The maximum adsorption capacities of biosor-
bents for metal ions(Cd, Pb and Cu) reported in the
literature

Adsorbent Heavy G Source
metal (mg g)
Rice husk Cddn 8.58 Kumar et al (2006)
Sawdust & o
(poplar tree) Cu(Il) 6.92  Séibanetal(2006)
Sawdust(oak tree) Cu(ll) 3.60 Argun et al (2007)
Sawdust Taty-Costodes et al
(Pinussylvestris) Pb() 978 (2003)
Cd(In 451  Bulut and Tez
Sawdust(walnut) Pb(I) 148 (2003)
Peanut husk Cu(ll) 10.15 Li et al (2006)
. Shukla and Pai
Jute fibres Cu(Il) 8.40 (2005)
Banana pith Cu(IT) 1346 Low et al (1995)
Shukla and Pai
Groundnut shell  Cu(Il) 7.60 (2005)
Cu(Il) 7.87
Chestnut shell Pb(II) 31.25 This study
cdan 6.85
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Fig. 3. FI-IR spectrum of chestnut shell used in the
batch-type adsorption experiments.

Fig. 4. Scanning electron microscope of chestnut shell
before(a) and after(b) metal ion adsorption.
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Fig. 5. The SEM-EDS spectrum of chestnut shell
before(a) and after(b) metal ion adsorption.
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