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Characteristics of Stabilization and Adsorption of Heavy Metal (As*, Cr®) by
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Abstract - In this study, the adsorption efiiciency of mixed heavy metals in aqueous solution was investigated using modified activated
carbon. Moreover, the heavy-metal stabilization treatment of contaminated marine sediment was achieved using modified activated carbon
as stabilizing agents. From the experimental results, it was shown that the adsorption equilibrium was attained afier 120 mins. Heavy
metal adsorption was characterized using Freundlich and Langmuir equations. The equilibrium adsorption data were fitted well to the
Langmuir model in modified activated carbon. The adsorption uptake of As®" (2847 mg/g) was higher than Cr°° (1328 mg/g). In case
of the C1¥", the results showed that adsorption uptake decreased with increasing pH from 6 to 10. However, adsorption of As” slightly
Increased in the increasing change of pH. The modified activated carbon was applied for a wet-curing duration of 120 days. From the
sequential extraction results, the exchangeable, carbonate, and oxides fractions of Cr and As in sediment decreased by 58% and 7.6%,
respectively.

Key words - Modified activated carbon, Heavy metals, Adsorption, Stabilization, Marine contaminated sediment

S| Al A¥E tH(Tien et al., 2004; ]ung et al,, 1997). o]&]3t &
B EHES 29o] i Jon, AlF3d] Aol AT AA G Aloi’ﬂ w2 8 FAE A
Jagh g 4k s, oA 5 1478 gl HFEHL A T L
CHMLTMA, 2010). AlT7E A5 24 Aol e HaE | = ZA4 9184c]

t Corresponding author : 9139, kim@hknu.ackr 031)670-5206
* A3, swooseok@hknu.ac.kr 031)670-5621
#* 3] 9], kyuri@hknu.ac.kr 031)670-5622

- 185 -



Cre ofe] 7h4 AFshel = =4Sk duks o2 37hst 6
Fhe) QbgAl sl EAR. e A

[e)
ol M Ax EASAW, OF S BE FHL AT

=
2

o fgiyE ALqA HA4S& YEdHGoyer and
Mehlman, 1977). ¥¥tdel pH oA Cr¥S chromate

(CrO), dichromate (Cr:O7), hydrogenchromate (HCrO,)
Fej o] Fol2oz EAeaL, v (medium) 9] &%= pHell <]
3l oEgith. Azt ol A G gEkE(FE HCrOs ¢
CrO/)e] Eok"ﬂ/‘i A &= @iﬁ}l UE BEFT
STE Boto] g7 olFate] A LH9S %%@E}(Chon et
al,, 2007). 34, 374 57l whe} Ase= E}oh‘& e =7t
Ao 2 B e A F7lH A 7] AsTeb A *i =5}
W 8F A9 AsYo] B¥ = Ahslad Teldo) o &3t}
Ase Abstxzio] AujA ] g4 skl Al = pHell Wl HaAsOy
HAsO/, @ AsOL5 o2 EA8kA vt k3l S92 (> 4h3}sh
AX 9 +100 mv)oll A= As® BTl B40] & AP 7 d935H4
o2 ¢tAsto] pHell whe} HyAsO, HoAsOy, 2 HASOS 52

2 ZA)3t}. 238 A7 anaerobic 91712 A|ek 2 A&

ol A EF UM e As” 2 AL A EAT

=1y A
= O

L2~ 2

o] Aol A A= FLAHAE2 A3t
SEBo wH e 37 371X AFAA 3 W (Monitored Natural
Recovery), &3] &1 (In-Situ capping), %4 (Dredging) &
TEATHMLTMA, 2010). $-2vekel 3% AF714]
o s LAEHEL A 9 S s FFT]ed <
OH A=l ghrh, ev S vigge] w48 g 20124

5E daw Ao A e o3 s Tl ofH gl o3

1= =]
T

@“} A o UL AEHAEY A HH wfg oy
Ao As Ak dF Mol A= T4 tijte g A7y
B F9S yastn JJTHMLTMA, 2010). o]& W 5
37 Aol gt Ao R AV E FHE E 5 Uk ¥
B FHE 84 WelAQl v]eoely, T vl dA e
2 Augoz gl S d=de 57} bt wmE 2
22l 9.1 o] AL AHE zhar It(US EPA, 2005).¢]
e FHE Zha gl T B datEe] d4yEF ol
AHEE ket FEAAE B& dTsta

Gk 2 FEA HE)] dUH R Y AEEAS
ZEA I o] oy Fofe] B3 AMEEHI gtk AR,
AT B F719E5d By} o4 5 AAEE
o] vrol T A8 FEAAEA B A&o] oz A
Aotk @A et FFEHol AAS IS Y ety ow
WA 7= AT7F abs] ol 7]l S A
WHoz = A Y gisr] Y-S A FEIAY S
o A7} FRHE o|F1 Jti(Babel and Jurevic, 2004;

Jiménez et al., 2012; Huang et al., 2015). ©-°]->2] & 2}A] 24

et T (As3+, Cro+) &2 2 oA 3 EA

AREH IR = 24 Foll 44l
3}= 3} oxyhydroxideE ©
Ml date] EdES

F5AEE ke
ZHAAL et olelg A E
Aol FREAh 17.%

A 4315 (ferrihydrate),
(aluminum hydroxide) 5°] &°]&&52
A3l AT =AY HE AOH);E 433 %
Hhgado] e gbst dRHWHALOY)E FEAR et
A7 HPs . JrhMondal et al., 2006).

sk A A (e, ADS] A
| 24 %HEH(McBride, 1994). ol21 @ 7}
A= maeld 4d7149 <

l' ,Ilos,

olo] B Ao ARMELARZAN B AA S
of <3 YA AE f O 3t As¥ el A3t T &
3Tt ol & 7t HEH g o] 2719 Ad S

Kol A (CrY 3 As®)el A T A

548 9rrekla, old 4

A

EH(Activated Carbon; AC)2 7}eof &4 E}*(
A e FAA 4 P AI R ARS-S ST

2 1811 mm)= 1042 mm) A= AEste] ¢
0 ~ 20 mm 272 A5 § AHEedh &4
NEe WA Sdas AT o7 Y8 48 50g
oL A EAH(T) A 3}, Acetic acid) 1LS ¥ ar 60TollA
St Azx=A & *JEﬂ F7hsta AT RS} 7]F ol
FA ek dFulE Y= 98] 0.003 mol AICl; (&F1]
A Aluminium Chloride Anhydrous) 1LE 37} & &#3]

U
==

o]

o mﬁ —(N

ML oox

HoR @ ofm
o

r O
=
Bl o oot X 2

— Oﬁ of{
rﬂ

N

)

8 H

H
ok
°}

é

0

13
i

o

sk 5 110ColA 12 h B9 TH/Hd SAE(AC-ADS 7
ZAZA AxE 7Y d dgdes SRSE SRS MF
3 3 Ax7)A thA] 110C & 12 h B<¢F AX3FA
2.2 2% 8% A9

==
ra
X

N
i)
oX,

Be 088 BF FEHE FAUGPRS

pil

Shin and Kim (2013)°] ©]&3F W& AR&8kitt =4
A (Kinetic) &2 282 05 g2 A9 50 mg/Le] 3 5
w4 & H(pH 4) 30 mLE 50 mL FHel| i
27122 10, 30, 60, 120, 360, 1440 min W RHF - AJ7ke] SEA|
AFe bF =Astdth kel wE F2

(Adsorption isotherms) 282 5, 10, 20, 30, 50, 100, 200 mg/L

]:E
ho:~—1—E-_

- 186 -



WA - e - 397

o E% FE% £ SR FHAH FAAGD FUW =
Ao a F RAsdeh pHol 9% FEE T 54
2 =57 9191 50 mg/Le] B FF4 #8912 1 MHNO,

¢} 1 M NaOHZ pHZ 6, 8 102 43t $55% B4
ICP-MS (Agilent 7500 Series, USA)& <=3&}%]

2HWE ZHEHAC-ADO| ogt LAEN=E W S35

I
R
-
=2

N >~
>
9 oo
i,
:(I)g
o
tlo ng
i
2
s
>
|
~ o
=
ot
=2
>

-

ol

1o,
i o

AA =4 & A( < Imm)E AL
o AEo] A&t obA 3
I dAgsA 9] E3tHl= L9 H

Py £ A7}

= = =4

)
il
e e

L.‘L
s
o,
e
N
w 1w
2,
)
o Moox gy

o

o

o)

to

o
oo re
o e

2 ¢
_OL
s
o
X
=
i
(@]
X
ro,
K
s
=
)

Z

>
iy
2
9‘L
I
N °*1§‘

d . =

B o =

_>|J_!‘

L

&

[e]

o

X

(<3
—

=
s s
g A&FE

=,

|

= o213 e (Exchangeable
fraction), 2@tA4l:= ®Hatd & el(Carbonate fraction), 3974&
-7k ()A3HE FEj(Oxide fraction), 4944l #7158 2
3+ & ¥(Organic fraction), 59AIE FHFE & (Residual
fraction) 2 T2t on, FEH T4 19AFE 554

A9 FE FEE FL olgRAn RE FEE B4

P

o5 ICP-MS (Agilent 7500 Series, USA)E ©]-&3}

EEEE

A

Hr

2.4 22| 555 £N

1

SHASIAZ o] AWM Y FoAdE2 X-ray
fluorescence spectrometry (XRF, XRF-1700, Shimadzu Co.,
Kyoto, Japan)® #2391, A 7+ 2 #5719 &
2] & Z}7Z; Scanning electron microscopy (SEM, S-3500N,
Hitachi Co., Tokyo, Japan) % Fourier transform infrared
spectroscopy (FT-IR, VERTEX 70; Bruker, Germany)Z ©|
&3t AUTOSORB  iQ-Kr/MP surface area
analyzer (Quantachrome, USA)S o] &-&}o] B|FHZ A&

A,

-
=,

2.5 Z1} Hlo|E &4

xd ME @489 T55 AA d52 AAE(Removal

ratio) & YER AT}

0

C

o

Coe A8 A9 s=(mg/L), Ce 43 F9 s=mg/L)E

C
Removal ratio (%) = > 100 (1)

el gl

FHNE e w934 FAAPAAE A 1A B
d(Pseudo first-order modeD)@} fAF 2% 2@ (Pseudo
second-order model)2 ©]-&38}e 43} tHHo and Mckay,
1999a,b).

q, = q.[1—exp(—Kt)] )
q = I 3
t
Kz‘ﬁ*g

o &zkE

oo 1

Z4zre]l Fa4 FEAHS o]&3te] Freundlich model¥}
Langmuir model 5-2& &2 o] #galo] z}7to] QA= AAk

ahich

S=K,C"" (4)
_ CngLC
S=14K.C ®)

b2l
A (L/me), Que 9 A7 F2AA 7 F559 A
2 (mg/g)oltt. A2 HE A
g FHERA glo]l 255
2 4HA e
Uehe gdurzlo® 1 gho] 0.1~059
FHA= FFo] &olstal
ZSI-I = = S=
2 Langmuird ¢] EAS ZE Aoz 4¥A
(Weber and Miller, 1989; Na et al., 2011). =3 K; = 4
715 veidi=d Kol 245 F2ds 57 ave 318 9
w1 (Choi et al., 2005).

r‘
ek
]Iloll
2
o
bt
=
2
M)
2
—
e
v

o
R

i
ro

K

Cf# As” &3 5% o slolx 248 xuRd &
ekl 93 FaE AAES 2w, ST G 7 AsT ol A
7yzy 285%F 121%°] AAES ekl v, s &
A2 74.1%9F 53.2%9] A AE&S LERYe], W E 24
oA vl £& F3 %S e (Figl). ¢4, 24



B A At 93 FFE(As3+, Cror) S22 o143l 54
Table 1 Major chemical contents of AC and AC-Al
AlLO; | Fe0s | Si0, | NayO | TiO, | CaO | SO; | ZrO, | PsOs | Surface areas (m%g)

AC 0.18 0.06 0.34 - 0.01 015 |013 | - 0.01 1113.64
AC-Al 0.30 0.06 0.47 - 0.01 0.01 015 | - 0.01 971.53

100 5 Ohs mCr
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Fig. 1 As® and Cr® removal efficiencies by AC and 4000 3500 3000 2500 2000 1500 1000 500
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Efu} W] EH A o] @id Aoz A (Liu et al, 2007), 3
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Fig. 2 SEM images of (a) AC and (b) A
T AUrhFig. 2). ¢4, WA e FoFAddwE =
B G5 ASY FRe 288 = =
, AlFF Si) o] WA B A
T UG (Table 1). &) QoA #
FT-IR =4 E7 ¥3t ZAas vyl dA%e #
500-4000cm el A H7F H Ak v aE 701':} W=
cm’1 2358 cm ol A UEbAIE FH A F owi=e] ke
23kt 8hE) 1633 cm Y, 1107 cm 'l 4] YERG R

ﬁ_‘?qjﬂé_‘zdi"% oA 3 23E YErtHFig. 3).
A, 3450 em ‘¥ 2358 em ' Z2-0OHe C-H yERA
HGupta et al.,, 2011). %38 1633 cm'# 1107 cm '
C=0¢} C-0 M=E YePAH(Moreno-Castilla et al.,
Salman et al., 2011). ©]#3 A3}z By AeH FH|
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Fig. 3 FT-IR spectra of (a) AC and (bh) AC-Al
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Table 2 Kinetic Model Parameters of Pseudo-First-Order and Pseudo—-Second-Order equations in AC-Al

Metal ion Pseudo-First-Order model Pseudo-Second-Order model
Qe (mg/g) K, (1/min) R? ge (mg/g) K> (g/mg/min) R’
As” 1.502 0.226 0912 1.555 0.275 0.929
cr® 2.314 0.245 0.974 2.3626 0.281 0.982
C 7 AS” % 959 &FHAE e Freundlich & Ehlla 9}
93} Langmuir 22 483190t 1 3 Flg 59} Table 3 pH W3t W& %3 As™ &9 =

(<]
o] e}t Freundlich =9olA EHA/M2a &

Adsorbed (mg/ig)
a

0 100 120 140 160 180
Ceq (mgz/L)

Fig. 5 Equilibrium adsorption and model for heavy
metal ions. Symbols: (H) As® and (@) Cr°.

Freundlich model (dashed line) and Langmuir model

Lines:

(solid line)
F(Kpe 27 0370 L/g 2 0829 L/g & Cr¥o] As” 1wt}
E=94t}h (Table 3). # AFolA 1/m 72 Cr° (0.358), As™
(042N% 18T 2 s Pt dAH o= A 37
& YeEpar, G ok As™ TEE 5 4= (I/n)
o]}t 2 Langmuir ¥9] T&5 EAS 7R Y=

ol 1 UE
AS & 4 AAHBnefield, 1982; Ju et al., 2000). Langmuir

_D:Zﬂ— =14

lo,

Table 3 Parameters for Freundlich and Langmuir model

4 FAEY 4F At pH 64 1002 358
Fa% 54 490 99 OF 59 §APe dadan
u

(Fig. 6). dRrd oz Hx(As)F As” & pH7F 53

2ol Wox= Wi As¥'= oF pH 4904 107} ]t 3
o] Z7Fstthzl of pH 10 ool =W thA] FHasts <
R elth(Altundogan et al., 2000). I °o]F=E= 9% pH 40 ~
10.0 Bl = &g v AT H3AsO39 HAsO 32
B F2 A pH7E S7Hel w9 As S &
o] T7tete 5AE KAtk dE&E9], pH 7504 A% As
THRE HAsO:2 & oA oF 98%E AAdt) et of
pH 10 ool Mt HiAsO:9] %42 30%7HA #4asty b2
FTHILASO 39 HAsO 99 %o 713t} (Gupta et al,
2011). @8, O pH7E AatiA F2o] haste 4
< Uehd o2+ pH/t F7HEFE OH-7F S5a ol o
g &2 wElrt dojd AxEtn AdEt(Gupta et al,
2001).

= 6§EH7J}7<H %‘%*—4 ﬂﬁm Zﬁﬁéﬂl% $HS Table 4

of et WA S35 L9V 2AHAE W T25
=S Hluws] 2W, As (3078 mg kg & NOAA (1999)¢]

obtained from Equilibrium sorption experiments

Metal ion Freundlich model ‘ Langmuir model 4
Ky (L/g) 1/n R’ Qm (mg/g) Ky (L/mg) R’

As* 0.370 0.427 0.862 28471 3.607 0.948

Ccr% 0.829 0.358 0.853 13.279 4972 0.959
g Agd A7 A FHFHQLS CrFH As* &3 & Effects Range-Low (ERL) 7]#FXt} X%k Effects
F&ol A Zhzt 13279 mg/g, 28471 mg/g &= Cr°'°o] As*  Range-Median (ERM) 7]5HT} Y& 548 Hola ¢l
of W& vre FHFS Jebllch (Table 3). ¥ AolA ¥ v Cr (6669 mg kg )& NOAA 7ol wEshs Axs
MA gAdee] R? %ko Freundlich 2@ Rt} Langmuir &2 X AT (Table 4). I o2 o] w3k 2 by e = 9
ol A A YERLTHTable 3). ol#gh Aol wel xHs/ld  F A o H4A FH 5 FF SR §Fo] Med &
FAee] G AsT EF FEE FF 58S dEsrldl A4S BA®EY ollE AEARE g4 ol8d § A FF
US52S 7143 Freundlich Bd@RY ©3&2S 71AS & FEloltk (Bacon and Davidson, 2008; Batjargal, 2010). ©]



W ANE et 93 a4
30 1 o -e-As - [ 12
25 A — T [0
.
= 20 A i
g - ® & Z
E L 4 - . =4
= L5 4 r6E
E =
5 10 L4
=
< 05 L2
0.0 T a
pHO pHS pH 10
Initial pH

Fig. 6 Effect of solution pH on adsorption capacity for

of AAskE vlFo] vl ©& ARE el
o AEAA & 7Hs
A 23S A7 Crb Ase ZH2)F 21.8% (1449 mg/kg)<t
21.9% (6.76 mg/kg)E HERNIL Utk o]F A¥E BY FH
AEANA FFS & F A& 7FesAdol Avta AekdArt

=

! 4
2 47 ol & 7hsd FEjl of2aughy wate) Felj= A
=

i

<
r >
ok
il
oft
Bu)
1o,
Jo
N
Hd O
oft
hu)
N

Table 4 Fractioal compositions of As and Cr of
contaminated sediment (unit: mg/kg)

Cr As

Exchangeable 1.49 1.39

Carbonate 0.88 0.81

Fraction Oxide 741 3.58
Organic 471 0.98

Residual 51.20 24.02

Total 65.69 30.78

N O A A|ERL 80 9
standards ERM 370 41.6

do B I
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Fig. 7 Fractionation of heavy metals in the raw and
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Langmuir 22(0.948 ~ 09599°] =A uYeha o]
Langmuir 2 @of & 5333 58 AlAlsta lom, o
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