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Abstract

The adsorption characteristics of mixed heavy metals (Cr(III), As(VI)) in aqueous solution were investigated using a sediment

amendment composite. Sediment amendment composite was composed of clean sediment (40%), zeolite (20%), recycled
aggregate (10%), steel slag (10%), oyster shell (10%), and cement (10%). The experimental results showed that the adsorption
equilibrium was attained after 180 mins. Heavy metal adsorption was characterized using Freundlich and Langmuir equations.

The equilibrium adsorption data for the sediment amendment composite better fitted with the Langmuir model than the
Freundlich model. The maximum adsorption capacity of Cr(VI) (36.07 mg/g) was higher than As(III) (25.54 mg/g); and the
adsorption efficiency of the Cr(VI) and As(IIl) ions solution decreased with decreasing pH from 2 to 10. The collective results

suggested that the sediment amendment composite is a promising material for a reactive cap that controls the release of Cr(VI)

and As(I1l) from contaminated sediments.
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2. Materials and Methods
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Fig. 1. Shape (a) and SEM (b) of the sediment amendment composite.
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3. Results and Discussion
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Table 1. Chemical composition and surface area of sediment amendment composite
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71E o M2, FAAZ F gH7 AAFE] NE
o] E(Kozar et al., 1992; Shin and Kim, 2014a), A<}
O] E(Kocaoba et al., 2007; Shin et al., 2014)¢] H|ZHA
247+ 16.3~86.0 m¥/g, 18.2~60.0 m¥/gg YERN I Jom,
AAFEEEQ] Z9ZH(Hsu, 2009; Shin et al., 2014), <3
ZA(Ok et al., 2007; Shin and Kim, 2015) @ AZ<EH2
(Shin and Kim, 2014)= ZZ} 0.6~152 m¥g, 6.0~ 17.3
m¥g, 02 m¥g& UERI glo] B dAFolA JLd Ad
MAAY B EEA 483 mYge AYPFAEERT HnF
2 HEHE E4& Bt A AdA 529 #Fs7]
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Table 20 YERATE AR AMAY FT-IR 2 Eg=
500~4000 cm™ WA H7t HAch WA, 3438 cm ol A
gt MES BHed oS 339 dFELS = 9%
P W Folgta ALz EthAllahverdi and Kain, 2009). 33
74 A% 938 Holx Qe 1415em’'F 1024 cm” 9=
E 747 ek iECc=0)¢ vt A9 Si-0-Ale] A
#Ho] by B3 AtKClayden et al., 1991; Ortego
and Barroeta, 1991). #FX|%o 2 538 cm’! FIE 0-Si-O
A% 9 Ca-09 AT FHo] QUTth(Yang et al., 2014).
oY AP MHAA AAY EF-EFHA EHL F8&9
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Table 2. Frequency and assignments of FTIR bands of sedi-
ment amendment composite

Wa\(fce;T;lber Assignment References
3438 Bonded -OH Allahverdi and Kain, 2009
1415 C=0 Clayden et al., 1991
1024 Si-O-Al Ortego and Barroeta, 1991
538 0-Si-O or Ca-O Yang et al., 2014

(Units: %)

Composition SiO, ALO; TiO, CaO Fe,O5

MgO NaZO P, 205 MnO Kzo

Surface area (m’/g)

Value 44.6 15.1 0.8 16.4 4.7

2.1 1.6 0.4 0.1 2.6 48.257
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3.2, wHt AlZH B350 WE & EYM
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HIL BEYHFig. 2). A 12 2d3 23 2ES o]
St 24 gedel 2315 Table 39 Uebd 2

AF NAAR]D B FAF 13 Bl F3FA A Cr(VD),
As(IIDell 101X 22 0.98 mg/g, 1.07 mg/gS JERA L,
22 Bl FFEFLE 424 1.03mg/g, 1.16 mg/gs Ho
AL 12k BdET §AF 23 2l A9t Y §FFol
EtHTable 3). 38 AA AHA 9 -,-,—A]- 13 2d3d &
AV 22 2ol ABAFR>0907)e FIF5NAM Hl2F

1=] [e] 2=
2 Feeta JdeS &€ 5 A THTable 3).
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Fig. 3. Experimental data and best-fit model curves for
equilibrium adsorption of the heavy metal ions.
Symbols: (m) Cr and (e) As. Line: Freundlich model
(dashed line) and Langmuir model (solid line).

Table 4. Parameters for Freundlich and Langmuir model
obtained from equilibrium sorption experiments by
sediment amendment composite
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Fig. 2. Comparison of the measured and modeled adsorption
kinetics for heavy metal ions. Symbols: (m) Cr and
(e) As. Line: pseudo-first-order model (dashed line)
and pseudo-second-order model (solid line).

Table 3. Kinetic model parameters of pseudo first (second)
order equations in sediment amendment composite

Heavy metals
Cr(VI) As(1T)
ge (Mg/g) 0.978 1.074
Pseudo-First-Order K (1/min) 0.134 0.121
R? 0.968 0.907
ge (mg/g) 1.029 1.155
Pseudo-Second-Order | K, (g/mg/min) 0.223 0.145
R’ 0.991 0.954

Cr(VI) 2 As(IID®] BIFHAFE 2FE Fig 37 Table 4
o Yehl itk T3, Freundlich €3 Langmuir 29
Hgsted A AAA A RAA Cr(VD) E As(IDS] FF
£4& B7lsdth Table 49149 Zo] A2 AXAE o]
€3 Freundlich @A Cr(VDe EuiAF(Kp)E 0.09
L/g2 As(lll) (0.100 L/g)¢ vlastdH As(D! A7t =

& BAYE BakTable 4. A3 WAL 18T 57
& §F AQNN FAAS LHBAVY FAFEE v

Heavy metals
Cr(VI) As(IID)
Kr (L/g) 0.091 0.097
Freundlich model I/n 0.589 0.512
R? 0.894 0.927
Qn (mg/g) 36.065 25.540
Langmuir model Ky (L/mg) 1.632 1.141
R’ 0.928 0.967

WE In 32 Cr(VD) 2 As(IDQ 3% 247 059 9 0.51
s BYKTable 4). & F3&NA 1/h #2 12T Fe
FHste AAH R Ze FHETFES YIS E
3 FRAE Un #ol 1Bt Ag F Y4¥¥ 22 Lanmuir
T2EHNE e A2 g#A Ud(Na et al,
2011; Weber and Miller, 1989). Langmuir 22 <] HgA =
AN EFHQ°) Cr(VI) (36.07 mg/g), As(Ill) (25.54 mg/g)
2 Cr(VD)o] &2 &3S B tKTable 4). Freundlich &
9% Langmuir 299 FAFAR)ES vlasiEH HAAF
© 2 Freundlich model7} Langmuir model2th 2 &
Btk AR AAAY &F 4F dFds 0 &
4%+ Freundlich model2tt ©&&2&
model®] T #& F3EHEe RS2 Ueuth

7} % Langmuir

3.4. 7| pH Hsj0l o5t Ex =
Cr(V) 2 As(IlD9 =% 3% £99 pH W} w2

5% 5354 249 AHE Fig 49 e pH 2004
1074 pHZE “Gadel wet Cr(VD) 2 As(IDe] §&3F
Z+7y 1.15 mg/g, 1.60 mg/gollA 0.17 mg/g, 0.13 mg/g7HA]
Zr2eskal QthFig. 4). ol& AHY FAMEQ] AYUE o &gt
71E 479 AF9} FAMStH(Bertocchi et al., 2006; Gupta
et al., 2001). pH 8-10 B9 FgAdo|A Cr(V)2 Cr,04”
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Fig. 4. Effect of solution pH on adsorption efficiency for
sediment amendments. Symbols: (m) Cr and (e) As.
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