Appl. Chem. Eng., Vol. 26, No. 4, August 2015, 477-482
http://dx.doi.org/10.14478/ace.2015.1059

’ Article ‘

SMASMS0! =2 =Al ¥ =E=EAZEE Ze8kS 0[S =AM
s=25 Ml §4
SC R P
SRRt YT A TAE, et shstyetat

(015 59 84 A<, 20154

6 244 HAE 2015 7€

8 A

Removal Characteristics of Heavy Metals from Aqueous Solution by Recycled Aggregate
and Recycled Aggregate/Steel Slag Composites as Industrial Byproducts

Woo-Seok Shin and Young-Kee Kim™'

Institute of Marine Science and Technology Research, Hankyong National University, Anseong 456-749, korea
*Department of Chemical Engineering, Hankyong National University, Anseong 456-749, korea
(Received May 8, 2015; Revised June 24, 2015; Accepted July 8, 2015)

5: =
2 AT E =AY SR AAGEN T =TS o &3] FE-AAtelA Cr%} As" EF 548 el
%‘J%XH 9} A7FEW 1Y F2 AFE(Ca0, Si0,, ALO;, Fey05)0] 7—.7—. ZA

& P03 e, A EAEAA

dEdlz 28l 3loA Cr

91%S} 86.9% H-H¥ o
31 As* 9] Eoﬂ W* Jé

min ol EHASI FAFAAAE 4 13 Rk f4 20w A A w 3
£ yepilth &3=A 9k f%*zﬂ/zﬂﬂ}\aﬁl Z3gtof QlojA, HE S 232 Freundlich & 2 BEWT o\
o as”e] Aol o Lske 8919 pil 6ol 1092 SRl e A B e bk Ao e
O 9, GO AE UEt & AT 298 Bl S8 8 SREAAREN L 2TS FRECT, AS)S

& e FEAE S,

Abstract

This study examined the adsorption characteristics of heavy metal ions (Cr

65 A3 . .
, As™) in an aqueous solution using recycled

aggregate (RA) and recycled aggregate (RA)/steel slag (SS) composites. The RA and SS are favorable for the absorbent be-
cause it contains about 91% and 86.9%, respectively, which are some of the major adsorbent ingredients (CaO, SiO,, ALO;3

and Fe,03) for heavy metal. Kinetic equilibrium of Cr"and As

" in RA and RA/SS composites reached within 180 min and

360 min, respectively. The kinetic data presented that the slow course of adsorption follows the Pseudo first and second order

models. The equilibrium data were well fitted by the Freundlich model and showed the affinity order of As’*
also showed that the adsorption capacity slightly increased with increasing pH from 6 to 10. Meanwhile, the
* was slightly decreased. From these results, it was concluded that the RA and RA/SS composites
and As’”) from aqueous solutions.

results of As®*
adsorption capacity of Cr

can be successfully used for removing the heavy metals ("

> Cr*". The
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2.1. AE=

<=8k Al(Recycled Aggregate)= Z71% 3HAlA] &= (oS
7ol Aakel wghmAlE ARgSRlaL AldE e TL(Steel Slag)= (A)
A ATAE Bl Aled 2FAA L] AGEH1E AHSt
Aok Ao AR FHAEE AF A TRl 338 AFE] =
£S5 AASKL, 105 T 28004 24 h =2 F 18~ 10 v (testing
sieve, Chung Gye Sang Sa, Korea) A& 3}od 17%-E7} 1.0~2.0 mm
A7NE A7 F ARSI ole @AY Al dE ATl v
2AR oG A EFE, T, MY T A2 A9HRL o HETL WY
Stelete EaEe] ARfsAu &8 dds Hasker] S8
ARl F2Ae] Eejstatd 54S £4517] 918 Xeray fluo-
rescence spectrometry (XRF, XRF-1700, Shimadzu Co., Kyoto, Japan)
9} Fourier transform infrared spectroscopy (FT-IR, VERTEX 70;
Bruker, Germany), Scanning electron microscopy (FE-SEM, S-3500N,
Hitachi Co., Tokyo, Japan) 418 AT
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FTEAAE o] &3 TEE AdaEY] FAEAE AP flske] A
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o] 3 % fN(pH 4) 30 mLE 50 mL HFHol| ¥ 25 C, 100
pme ZACZ 10, 30, 60, 120, 360, 720 min IRF ¥ FEE BA5)
Stk Tl W Py £ T2E FERAYPL 5, 10, 25, 50, 75,
100 mg/qu g%l— %—;L_j _g_o = ]}\1 Eoﬂb‘l—x—l P;xl—/\lsLﬂ]_ th‘s]-
27107 24 h wHE & FA3ISITh pHoll 28t T35 2 545
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sq 9] g4 % 23491 A0 FAHmgeolt
Kr, 0, Ki, Que 23 Z3}e] Freundlich model™} Langmuir model
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3.1. EXHISS| =2l Sy
E3EAlE Cao, SiO,, ALOs, Fe05= 217} 36.2, 384, 9.9, 6.0%=
BT AL IE CaO, SiOy, Fe,0si= 242} 30.0, 163, 40.6%5 K.
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Table 1. Physical and Chemical Properties of RA and SS
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Components SiO; ALOs TiO; CaO Fe;03 MgO Na,O P,0s MnO KO Surface areas (mz/g)
RA 384 9.9 0.4 36.2 6.0 - 1.5 0.1 - - 5.981
SS 16.3 - - 30.0 40.6 - - 2.1 - - 0.188

Table 2. Kinetic Model Parameters of Pseudo-first-order and Pseudo-second-order Equations and Experimental Results

Initial concentaration

Pseudo first-order model

Pseudo second-order model

50 mg/L Qe (mg/g) K (1/min) R® Qe (mg/g) K> (g/mg/min) R’
RA cr 0.367 0.098 0.884 0.392 0.374 0.929
As™ 0.718 0.007 0.817 0.839 0.010 0.819
' 0.159 0.022 0.900 0.179 0.138 0.880
RA/SS composite 3
As 0.479 0.006 0.969 0.607 0.009 0.962
08
L]
T == .
06 ////
3 y
E 0 ===
T 04 —
s P e —— — —— -
& ~I7 g r Y e
Figure 1. SEM image of adsorbents. (a) recycled aggregate, (b) steel slag. < 0 ,/
i
b= b= o
100 =
Tl 346 00
b 0 200 400 600 800
% 50 705 Time (min)
E 40 - 1079 Figure 3. Comparison of the measured and modeled adsorption time
% . profiles for mixed heavy metal ions at pH 4. Symbols: (Il G"-RA, (@)
& As*RA, (O) C™-RA/SS composite, and (O) As*-RA/SS composite.
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Figure 2. FT-IR spectrum of adsorbents before heavy metal
adsorption. (a) recycled aggregate, (b) steel slag.
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W mEEAS ol AN ANkl gXdgte]] vlsii ule- &
S HEEAS e Qe AE 4 5 Ath =8=A(Figure
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5 vERa Qlvk EdhaAl 9 AdE e SR g mve]
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Lines : pseudo-first-order model (dashed line) and pseudo-second-order
model (solid line).

& FT-IR 23E#S o] g3t 1 W3lE e t(Figure 2). =%
ZA9} A7EE 12 FT-IR AFEZH= 400~4000 cm” H$] oA 3
74 Aek F FFA NN 1S3 A7) 5SS HolFa glor, &
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Table 3. Parameters for Freundlich and Langmuir Model Obtained from Equilibrium Sorption Experiments

Freundlich model

Langmuir model

Heavy mels 3 3
Kr (L/g) 1/n R Qn (mg/g) K. (L/mg) R
RA o™ 0.017 0.645 0.861 54.740 0.470 0.898
As” 0.056 0.513 0.984 25.685 0.643 0.920
) o 0.022 0.313 0.975 8.556 0.089 0.912
RA/SS composite -
As 0.032 0.251 0.990 4.892 0.095 0.923
06 _ ®-AsRA  =-CrRA  -O-AsRASS  -O-CrRASS
03 4 .
e 2.0 A4
?Eﬁ 04 1 - ///’ igm 15 A
= - 3
2% /// . == £ 10 |
B = e = =}
3 05 4 =T 3 .
< . o < 0.5 A
¥ = o - —a
01 -I/ NSRS 0.0 T T - 1
= pHG pH S PH 10
00 ‘ T " ‘ Initial pH
0 20 40 60 80 100
C. (mgl) Figure 5. Effect of solution pH on adsorption capacity for RA and
2q (mg/

Figure 4. Equilibium adsorption data and model for mixed heavy
metal ion. Symbols: (H) C*-RA, (@) As*-RA, () Crf*-RA/SS
composite, and (O) As*-RA/SS composite. Lines : Freundlich model
(dashed line) and Langmuir model (solid line).

Y FAFS O oAl 77 0159, 0.179 mg/gs YERIN L,
7} 0.479 mg/g¥} 0.607 mg/gS B ST Table 2). H3 %
e fAF 12 BERch §AF 23 2] A7) ok 3HA As™

QA AS= a¥Ho =E BY FARE Bk s@SAg SR
ABEUNL 23] FAF 13 BT fAF 230 BEle] ARHAIGHR? >
0.817)F TasolA Blud & 338l S-S & 7 AU TH(Table 2).

G AT 23 S50 HYFHAHL Figure 4 2] Freundlich
FA3} Langmuir =22 48310tk Table 301492} 2] Freundlich
2loA $aEA BHiAGFK)E G (0.017 Lig), As™ (0.056
Lig)= %ngﬁ/ﬂl%}%\ﬂm zgtollA Bel " (0.022 L/g), As™
(0.032 L/g)2k vlmwahd el A= sdFAguct I3 AdE
A =32 A7t S 1ol wbd A A9 w8

A A7 6 & FAFE Bk oF FFANA 1m fhE 18T
2h2 ks gAdste] Ao w st RS VERYSItH23,24].
Langmuir 229 A&ex= HF2AHQm) el 8=A F+

Cr* (54.740 mg/g), As’ (25.685 mg/g)E B AAYLSH T %3

W HQl Cr™ (8.566 mg/g), As™ (4.892 mg/g)9} Bl waHH =3kA)
Ql A7) Ay AREH T ¢ § 5 EHES Byt
(Table 3). Freundlich 2. 2%} Langmuir 22| A##A(RY)S v w3l
B AAA O F Langmuir model X.T} Freundlich modelol|A] o] &2
e Bk, 324 o= A9, 324 U saFAAEES
A7 23] F2 AY As 955 2s 7P $E Langmuir model 2.
t} 95522 743t Freundlich model©] o & H-3¥= Z o2 1}
ERTH3].

23kt Ml 26 & M 4 &, 2015

RA/SS composite.

3.4. pHO| U3t

O AT O B9 S S pH W3 w2 T4 S5
3 A8 A= Figure 50 WepAth <824 35 '3 As™ Y
pH7} 6914 1002 A5t ® 242 0.19 mg/g~0.16 mg/g, 1.59
mg/g~1.67 mg/gs HERN T Slof & Fatee] wisk= QIglch s
CHTAAGENT 23 A3olE G AsTY pHI} A4Sl
we} Cr™ (0.38 mg/g~0.31mg/g)S TmEE A UERfla As™
(1.57 mg/g~2.15 mg/g)= S7}eH= AL R ThFigure 5) =, pH
7kl W oo FATRS A wbE AT SRS pHYL
Vs Frkhe TS Btk olefd A= 71L Aol
H|Z=3 43S BolF 1 9Qrh25,26]. AT O 3 AT o] SR
A B YR AST Y Fao] =2 S & 5 glor, v
FTAE A it SSTA/AGESY L 23S ARgete] S
AEE o A97F o B2 FEFS Hola gtk o]yt Ay

oy

[¢]
Table 194 BT Q= 3= A(PL0s; 0.1%) 2} #173&2) 1(P,0s;
2.1%)2] T Foll Q(P,0s) Al YIS W2 ZOo=E FE=
Aret A7 o SRk o] olefdt Q1 Aol Bl
T YIS Fo] FHAFS TTMIT AR AR ETH27.

3.5. ofl==et B xojoll 25t B2 MIA=0 et g
3ot g g o] &ste] w3EA W EEEAVAGEH T 25
FTos AA S-S vlaskelon], AP E7= Figure 60 YERIT
Cr6+ir/]' AsOlN e AAEE Hola a1, sGRT) g o
2 AAEL Jeh 1 Q) olgst Ax= g2 ) EAsk= vk
?& Ul%ﬂéﬂcaz*, Mg* 5) daSd 98 olewdl 21askg, 23
Eg] [e= koA Zo.] :5‘_;? ].,] _ll/vl “X]‘r}, 1;]]_ g\ H:]ﬂﬂq Z:L}\ ]
Aol YL WA= o= e TH28,29].

3.6. E} &2t Hlw

Table 4015 EF A9} 2 Ao ALEH FaAgte) A



>
jias
Ir
2
ikl
o
SN
riou
riLJ
e
SN
rl&‘

A AFEH L

=3

o]&3 FEAFNA Y Tu5 AN 5A 481

fle

=]

Table 4. Comparison the Adsorption Capacity and Adsorption Affinity between Recycled Aggregate and Other Adsorbent

Freundlich model constants

Metal Adsorbent R’ References
K (L/g) I/n
Recycled Aggregate 0.017 0.645 0.861 This study
Recycled Aggregate/Steel Slag 0.022 0.313 0.975 This study
o Lime Stone 0.053 0.753 0.935 [21]
Zeolites Synthesized from Coal Fly Ash 0.325 1.344 0.976 [34]
Red Mud 0.0003 2.6204 0.9885 [21]
Activated Carbon 1.19 0.334 [35]
Recycled Aggregate 0.056 0.513 0.984 This study
Recycled Aggregate/Steel Slag 0.032 0.251 0.990 This study
A Furnace Slag 0.058 1.398 0.998 [4]
Red Mud 0.658 2.881E-014 0.296 [21]
Lime Stone 0.180 0.665 0.845 [21]
Carbon F-400 0.028 227 0.9440 [36]
-#-AsRA —M-CrRA -O-AsRASS - CrRASS o By .- 3k EAJS AuE Ayl HE A AEHE Bolo
100 1 o 8 THYEE S0y, Fei0s, Ca00]H, F2o] ojehis 2 3
50 | 71 8i-0 MEZF 7lofatal e & 5 STk AET o
< A, 82 @ ER2AALENT 28N EF 180 min F
ER — Yol ELHA A Aol 360 min F FP FHe w2}
E Ak =BBA A FAH 1, 20 w9 BY FHFE ¢ oA
2 747} 0367, 0.392 mg/gS LFERISLAL, As ol Z42F 0718 me/gh
=20 A 0.839 mg/gS WA, w=dFAAGEH T 23 A4S e olA 7t
0 gﬁn . 7} 0.159, 0.179 mg/gs YFERIAT, As™elME Z2F 0479, 0.607

SW FW
Figure. 6. Removal rate of heavy metal in sea water and fresh water
by RA and RA/SS composite. SW : Sea Water, FW : Fresh Water.
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Ao 71 gkl 0.1~0.52] Wl
o5kl 2 oPdeld WgaMdolgtar deiA 9lrh23,24].
HolA] B Aol = ARk A 2 SAde 2
& 7}7}+ 20,000 US $/ton, 3,300 US $/kg21[30,31
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