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Abstract — This study examined the removal rate of mixed heavy metals from aqueous solution using recycled
aggregate. The recycled aggregate is favorable for the absorbent because it contains about 95% (CaO, SiO,,
Al O; and Fe,05), which are major ingredient of adsorbent for heavy metal. The kinetic data presented that the
slow course of adsorption follows the Pseudo first and second order models. The equilibrium data were well fit-
ted by the Langmuir model and showed the affinity order: Cu*" > Pb*" > Zn?" = Ni** > Cd*". The results also
showed that adsorption rate slightly increased with increasing pH from 6 to 10. Moreover, this trend is similar to
results obtained as function of loading amount of recycled aggregate. Meanwhile, an unit adsorption rate was
slightly decreased. From these results, it was concluded that the absorbents can be successfully used the removal
of the heavy metals from the aqueous solutions.
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T4 29 TAlE A AAIRCR o)t Ha glom, 53] &l oal 201205 E] Q]3] Fr17F AR FA7) E$ 7] wliEel s
FEAE U T5d 09 dlF e Wnt ope}, HAEe] & FodEA =S HokE 9% 7l AR vl FeskA 14EHA
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SITHEPA[2005]). A1 3H= 84291 A3lr|&o| Ak, 474

fCorresponding author: kim@hknu.ac.kr

9l X 7|7k vl @A @e o] =

115

THE LAA A A8



116 2194 .

A=

Zkar glom, A
(e}
A

WS 7o st glo] nlgo] wol Lotk A 9%
FHe Aot 24 Sol vlal) ArjH 0w e 717

29¥ FHAES gl 18AA = vk o] Qi)
Aekrt o] A9 E des SHiEk A1717] -*FHH J]P?" 3713
tlEo] J& Ao FeAe] Q1A H 1 vt & o
sk X521 A7t 18 Fol A9k A A/do] ﬁE% deﬂ A
o] 7S gk NX*O]E}

Ak "F’Skﬂﬁ X
Folx] gt Q1 57]'9]- Hioi "VQHWL ol ¢
o]l izﬁd’* Tose d3letaa) she e B A9E B
=31 QITHKim[1997], Ahmaruzzaman[2011], Liu[2011]). &1}
How TuES Akt 7P Bol o] 8511 Sl SRR A
7] EE8AE AL AAF o R w2 Bk Qbal St At &
- "}Cﬂ oM HiEEE dA7E 2 FAHES] 7‘7]”* AL3]- 2%

O 7 okt FAE o] AlI71AL §le], o]21%h ] A& dsh]
A8l A 2 w4 HAE Y FAES 01%5}% 1A 743}
7&=°] Ba1¥ 1l Itk (Ahmaruzzaman[2011]). trO], A4H7=
N Yo FAHEQ! o3k Al (Recycled Aggregate)= 4434k
i F8kA 2] (Kim[2002]), YU E A, DE Ahdehs A=
Aok A 7F A5 AAH L 3)E #(Kim[2006], FLBIER
[2008]), T FH<o] obd 5—?; Tusl A% o 7FsAdo] &
< S AE A oA FHE AAC L_J A= w9 AFHA o]
th. 53], s8=Al= %]_‘?_H::ZH‘)ﬂ H]3)| 7o) oA =ujjel|d of
A7 ATzl 89 AR =2, F7PERI7F a2
LE23AE dAFAL] AA-EE 9 uiqlg AR ARSE I Qe A
ZJo]thRyou[2011]). WA o}&7hA] HlwA] E87do] 42
TAE 20 £ Fa50R od AYEAE gEAAZ A
-8 g 71 s = Eeoleta dhdE)

olof] & ATrellx= s E A E Wl 23 S5 AlAE 9
& =AY SuS A SAY 7RARE gotr it A4
7% FARER] SEEAIE o] &3le] 3 T SdelX] T
& AA EAS ARSI o] ale] B 1l =7 TS
FHBIAL, pHell 98k 52 AT F8=A] TRl e F
& AA TVsAE Bk S8t £ Tus AA AdE 73

= T o
SRl

U2
35

H

= (LD

O~ =
T

—l—‘

2. M= 3 E

FEAE 47w A gl (%‘—)ﬂ%ﬁyg ollM Agabel 5=
B2 AMgSioint. gl AME SR

xﬂi@s}oﬂ EEES AASKL, 1059 2B 1 A 24MRF Az
ol IEHEAANZE o]8-A] Q19J#Rl © £ =
Sy FAsiE ek vlRaaEe] A 7 Elﬁb‘r &
o] dojubA] Qb= &b7] flsliA 3509} 109 A= Al ds)

ol

71937]

\=2Ke}

o] QIAFIE7} 1.0~2.0 mm F7| 2 A7VE T ARRSISITE 58 &
Aol = ststd A& FA4357] 93l Xeray fluorescence
spectrometry (XRF, XRF-1700, Shimadzu Co., Kyoto, Japan)2} Fast
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E ¥ rhAllahverdi[2009]). AITF7} 1410~1470 em™ 2] ol|A] Hol=
I 3E gAY ME(C=0)9t #AE L S-S eI Tk
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Table 1. Physical and chemical compositions of recycled aggregate

Fig. 1. SEM images of recycled aggregate.
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Fig. 2. FT-IR spectrum of recycled aggregate after heavy metal
adsorption.
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Fig. 3. Comparison of the measured and modeled adsorption time
profiles for mixed heavy metal ions at pH 4. Symbols: (4A) Ni, (V)

Zn, (H) Cu, (¢) Pb, and (@) Cd. Lines: pseudo-first-order model
(dashed line) and pseudo-second-order model (solid line).

Coposition SiO, AlLO, TiO, CaO

Fe,0, MgO Na,0 P,0, MnO K0

Recycled aggregate 38.4 9.9 0.4 36.2

6.0 1.6 1.5 0.1 0.2 32
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Table 2. Kinetic model parameters of pseudo-first-order and pseudo-second-order equations in recyceled aggregate

Pseudo first-order model

Pseudo second-order model

Initial concentaration 50 mg/L

q. (mg/g) k,(1/min) R? q. (mg/g) ky(g/mg/min) R?

Ni 0.448 0.021 0.943 0.490 34.390 0.977

Zn* 0.714 0.011 0.970 0.824 78.196 0.960

Cu** 1.931 0.039 0.956 2.056 15.535 0.982

Pb* 1.844 0.036 0.996 1.987 18.696 0.993

cd* 0.425 0.038 0.829 0.468 19.230 0.897
12 o7 7k FAA S UERIYTHAWWA[1999]). Langmuir &
2o] A RoM s HolFHZHQ,)°! Cu* (15381 mg/g), Pb™
(4.764 mg/g), N* (1.379 mg/g), Zn®" (1.129 L/g), Cd** (0415 m/g)&
o Cu* > Pb* > Zn* 2Ni** > Cd* 0.2 =1 T A4 3hK)S
2 Cu?" =Pb* > Zn =Ni*" > Cd* o|gleh. &= F2F A3
3 A= 52E 7198 Freundlich R R 0H 5528 714
5 8t Langmuir . 20] o] 2 F-3h5]= A 0 2 LERSTHHui[2005]).

< oy ———— "
3.4 pHS| A&k
-~ . E% FT4 40 pH HE) 0k F4 FA54 43 23
. . Fig. 59149} 2] pH 6914 Cu*9} Pb*e] S22 717} 2,997
60 80 100 g/ 2,978 mg/go @ E2eko] =7 Uehdc). 3h pHv} 82 =
Ceq(mgL)

Fig. 4. Equilibrium adsorption data and model for mixed heavy metal

ion. Symbols: (A) Ni, (¥) Zn, (H) Cu, (¢) Pb, and (@) Cd. Lines:
Freundlich model (dashed line) and Langmuir model (solid line).

Z47h HE FAFE vehllon, 41 1, 22F o] vk
Cu? = Cd® =Pb* > Ni* > Zn*, Zn*" > Ni¥* > Cd* = Pb** > Cu?' 9]
FAE WSS whEA] UeRgh, dEAle] A 1) et
fAF 22 BRLE] ARl (RS Cde Al9)eh v

A HlA 2 ek ole= & 5 AA3ITH(Table 2).
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Langmuir 5. ble 39149} 2¢] Freundlich =2
oA} <=BkEAS] EHlAE(K)= N2 (0.161 Lig), Zn?* (0.167 L/g), Cu®*
(0.138 L/g), Pb* (0.267 L/g), Cd* (0.102 L/g)7 Pb* > Zn* =Ni** >
Cu* > Cd*=0] 1, 1/n FHS Cd (0.079), Ni&* (0.171), Zn?* (0.208),

Pb* (0.376), Cu®* (0.538)5 2.2 18T} 28 kg dAdsto] A

71l whebA, Cu?'e} Pb*'e S22 2.999 mg/g, 2.999 mg/gC.
2, pH 6l 9] FaFol| nlste] Fafke] Wskake] A< gt
Pb*" 0] &2 pH 5.5 A XA Pb(OH) 7} EA3HAI 1, pH 6~129]
A13= PH(OH)', Pby(OH),™*, PbCO(s), Pby(CO;),(OH),(s), PHOH),(S),

pH ——Ni {3-Zn —&Cu —8-Fb ——Cd
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Fig. 5. Effect of solution pH on adsorption capacity for recycled
aggregate.

Table 3. Model parameter for Freundlich and Langmuir model obtained from equilibrium sorption experiments

Freundlich model

Langmuir model

Heavy metals

K (L/g) 1/n R? Qn(mg/g) K (L/mg) R?
Ni** 0.161 0.171 0.937 1.379 0.323 0.948
Zn*" 0.167 0.208 0.913 1.129 0.376 0.955
Cu* 0.138 0.538 0.907 15.381 1.324 0.960
Pb* 0.267 0.376 0.802 4.764 1.130 0.910
Cd* 0.102 0.079 0.845 0.415 0.142 0.871
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Pb(OH); = ZAIBHIL §lom 53] pH 10 sl 2=l o 3 4.4 =B

AEZ A PbCO4(S), Pby(CO,),(OH),(S), Pb(OH)LS) 55 1zt
4 TH(Quy[2001)). A pH 6 0] A4 Cu*= OH ©]
2o] F7Vgke Wl Cu(OH),, Cuz(OH)3*E EAsbAA HA 2
2ol | Upebdel wheh Cus= Aol 2§k AA7} o] Fo S
= 91S1TH(Chen[2001]). AT} Zn?, Cd*, N pH 6014 212}
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3 %#BL Btk a21Y pH 8olAE Zn®, Cd*, Nit*9]
EZeke AR 2999 me/gs LERN L 9lo] pH 604 8% St
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o] JoJd 71 0 g AL TK(Srivastava[2005], Smiljanic[2010]). <=
Aol oM F& FAFE UehlE A3 pHE 57X
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A T4 piE S7HA717] el el &gt AA7E Fe A
© 2 AR TH(Weng[1994], Lee[2004]).
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A 99%Z FAEE 4.079 mg/gellA] 0.750 mg/g®Z, Pb*2] AlA
B 61.4%14 99%Z S22 9.203 mg/gell A 0.749 mg/gE
3 v g o 2 Cd* o] - 7.1%004 99%2] AAE S
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Fig. 6. Effect of adsorbent dose on adsorption capacity of recycled
aggregate.
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