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Adsorption Characteristics of Heavy Metal lons onto Chemically Modified Rice Husk
and Sawdust from Aqueous Solutions

Hyeon-Yong Lee, Choong ]eon]), Kyoung-Jae Lim, Ki-Chan Hong, Jung-Eun Lim, Bong-Su Choi, Nam Won Kimz),
Jae E Yang, and Yong Sik Ok (College of Agriculture and Life Sciences, Kangwon National University,
YDepartment of Environmental & Applied Chemical Engineering, Kangnung-Wonju National University, *Korea
Institute of Construction Technology)

ABSTRACT: Biosorption uses adsorbents derived from non-living biomass and removes toxic metals from
industrial wastewater. The objective of this research was to evaluate the potential of low cost biosorbents
to remove heavy metal ions (Cd, Cu, Pb and Zn) from aqueous solutions using chemically modified rice
husk and saw dust (Pseudotsuga menziesi, Quercus, Populus). Batch-type adsorption experiments were
carmied out using rice husk and saw dust treated with NaOH and/or tartaric acid in artificial wastewater
(100 mg metal/L). The experimental results showed that the adsorption specificity of each biosorbent was
Pb > Cu > Cd > Zn imrespective of the types of biosorbents. The adsorption capacity of Pb and Cu onto
NaOH-treated sawdust was increased 2~3 times compared to the untreated one. In addition, the tartaric acid
treatment increased the adsorption capacity of rice husk for Zn and Cd approximately 5~10 fold compared
to the untreated one. Surface conditions and changes in functional groups by chemical modification of each
biosorbent were confirmed by SEM and FT-IR. Overall, the results show that chemical modification
increases the metal removal capacity of rice bran and sawdust.
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Sigma-Aldlich*te] ARH cadmium nitrate tetrahydrate
(CA(NO3)2-4H0), copper(Il) nitrate hydrate(Cu(NOs),
-2.5H,0), lead(Il) nitrate(Pb(NOs).), zinc nitrate hexahy-
drate(Zn(NOs)»6H:0) 5 AH8-38l9] 100 mg L Cd, Cu,

Table 1. The changes in pH of artificial wastewater after reaction with each biosorbent

Biosorbent RH SH-RH TA-RH PM SH-PM
pHi 552 + 0.03 5.51 + 0.02 5.46 + 0.04 553 + 0.03 5.48 + 0.03
pH. 448 + 0.05 5.53 + 0.01 2.52 + 0.03 445 + 0.06 550 = 0.03
Biosorbent Q SH-Q P SH-P
pHi® 5.51 + 0.01 5.52 + 0.02 549 + 0.02 551 + 0.03
pHeb 445 + 0.04 5.53 + 0.03 444 + 0.05 5.52 + 0.03
RH, Rice husk; PM, Pseudotsuga menziesi; Q, Quercus; P, Populus; SH-, sodium hydroxide treatment; TA-, tartaric acid
treatment
* Initial pH

b Equilibrium pH




160 ojdg - A F - ABA - B YA - HeF - A - AYR - A - 84
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AYS FERARRIFETY] HlES 120002 AYsto] &2 = o]gsto] PEsIglon i}i”—u 5719 Msk= FI-IR
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2 CEYY T
o AP,

FEE C.E st theel 4 (1)) w

q=Vx(GC)=+S 1
q: F3s(mg g)
G: 7155 (mg L)
Ce: B35 5 (mg L)
AT e [(9)
S : F2A F(g)

Pb

20 4 =

q(mgg”)

LLLL

RH SH-RH TA-RH PM SH-PM Q

SH-Q P  SH-P

q(mgg”)

N

RH SH-RHTA-RH PM SH-PM Q@ SH-Q P SH-P

a(mgg”)

a(mgg”)

3 Cudl F&) 9lo] NaOHel| 93k 74de A9 it

3% BT TR S T7He YERlE NaOH 714 &
Ph= A ESHSH-Q) > & FHSH-P) > vF v

=29

i)

(SH-PM) > YASH-RH)S o2 FAEITH
NaOH= 7}dsh bt 53 Cull Hujgagol 1347
mg g ' 2% UER} S¢iban 5(2006)°] Hi1g 1 M NaOH
M EZe F9] Cudll B HhE3H(qma) 6.92 mg
g' mrkon) £2 2o AXEh Pbe] FHE BE 4
=440l Cd, Cu, Znoll H]8l &2 F2FS BTk 53
NaOHZ 7§43 $ASH-RH)% vl FHSH-PM)olA
ATk Hlasto] FHeko] 2~2.54 F7FSIAAL Phell o

iy

RH SH-RH TA-RH PM SH-PM Q

SH-Q P

Cd

[N

A Dl

RH SH-RH TA-RH PM SH-PM Q SH-Q P

o

SH-P

Fig. 1. Adsorption capacities(mg g”) of heavy metal ions(Cd, Cu, Pb and Zn) from aqueous solutions by different sources
of biosorbents with and without chemical modification. Treatment codes are described in Table 1.
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Fig. 2. Scanning electron microphotographs of different sources of biosorbents with and without chemical modification

Treatment codes are described in Table 1.
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Fig. 3. FT-IR spectrum of different sources of biosorbents with and without chemical modification. Treatment codes are

described in Table 1.
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