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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,0,), 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.

Keywords: Recycled Aggregate(s= 32 Al), Mixed Heavy Metal(Z% &5 <), Adsroption(5-2}), Capping
Material(3]35-2A)), Marine Sediment(3 %% 4 =)
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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: (A) 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,O, MgO Na,O P,O; MnO K,0

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) k,(g/mg/min) R?

NiZ" 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 738t EXATS JERNITHAWWA[1999]). Langmuir 5.
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o Cu? > Pb*" > Zn* =Ni#' > Cd*'% 0.2 =11 53 A4 7HK)S
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2 St Langmuir F@o] ] 2 £35]= A 02 YERFTHHui[2005]).

< X —— 5
3.4 pHO| N3
- d =3 T £ pH Rislel| w2 35 S5 A Ay
. : Fig. 591449} 2] pH 6914 Cu**9} Pb* o] E2eke 247} 2.997
60 80 100 myg, 2.978 mygo @ F=go) 37| Lk}, 3l pHY} 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).
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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? Q,(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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Fig. 6. Effect of adsorbent dose on adsorption capacity of recycled
aggregate.

B Ao VB SEEAIE ol gEte] £ T2
(Zn*, Ni**, Cd*, Cu*, Pb*")2] AIAEAS ARty o3 ¢
< A7E At

1. 23 S34Zn™, Ni¥¥, Cd*, Cu™*, Pb*)el|l tht Ha &2
05 360 & =2 solTh FAF 1, 23F B2 A3} Cu?, Pb*t >
> Ni¥¥, C*50 2 0.4~2.1 mg/gd] S8 Jepila, 52
AR FAF 12} B M= Cu?, PbY, Cd** > Ni¥ > Zn? 5202, 2
2} REoME= Zn?* > Ni#* > Cd*, Pb* > Cu** 420 2 JePt},

2. £F T5 §99 A7 FEEHS SEEAIE o] &e Sl
Qo1 A AIZ=(R2)7} Freundlich 52(0.802~0.937)5.5} Langmuir
29(0.871~0.960)°] =41 YERNIL 210 Langmuir F@e]] 2 5
Fekar e Akt Stk

3. pHHA S}l w2 A A} Cu?*g} PbPellA = pH M St M =
FERE A0 Ls AEE JERIARE Zn?, NI, CdPe A5
o= pH 6°llA] 1022 W 8}gtof whel S22 7Zn*(1.8 mg/g),
Ni*(2.384 mg/g), Cd*'(2.326 mg/g) S2F4 Wy} 2zt 3151
bt

4. TFFA= FUF St BE FEH AAES
Zn*(92.8%), Cd*(91.9%), Ni*(91.5%), Cu*(71.8%), Pb>(37.6%) =
S 7 37V vER oY @ FaE-S Ph(8.450 mg/g),
Cu*(3.329 mg/g), Ni*(0.383 mg/g), Cd*(0.322 mg/g), Zn**(0.176 mg/
g) =O® 717 vt yebeh

= FES G Ao saslr|exl
As ol FE ATYHET s s HAE A

[1] USEPA, 2005, Contaminated sediment remediation guidance
for hazardous waste sites.

[2] Kim, K.I., Choi, J.S., Im, H.G,, 2006, “Reforming resource cir-
culation policy for sustainable material management, Korea
Environment Institute.

[3] Ryou, J.S., Song, L.H., 2011, “An experimental study on field
application of self-compacting concrete using recycled fine
aggregate”, Journal of the Korea institute for structural mainte-
nance inspection, Vol. 10, 55-60.

[4] Kim, E.H., Kim, J.K., Sung, N.C., 1997, “A study on removal
of heavy metals and pH increasing effects in plating wastewater
using oyster shells”, Korea Society of Waste Management, Vol.
34, 414-419.

[5] Kim, J.B., Oh, J.I, Park, C.S., 2002, “AMD (Acid Mine Drainage)



120 NEFPH

neutralization using recycled-concrete aggregates”, J. KSEE,
Vol. 24, 21-30.

[6] Lee, H.S., Oh, Y.S., Lee, W.C., 2004, “A basic study on the
recovery of Ni, Cu, Fe, Zn ions from wastewater with the spent
catalyst”, J. Kor. Inst. Res. Recycling, Vol. 13, 3-8.

[7] Ahmaruzzaman, M., 2011, “Industrial wastes as low-cost poten-
tial adsorbents for the treatment of wastewater laden with heavy
metals”, Adv. Colloid Interface Sci., Vol. 166, 36-59.

[8] American Water Works Association, 1999, “water quality &
treatment hand book”, McGraw-Hill.

[9] Allahverdi, A., Kani, E.N., 2009, “Construction wastes as raw
materials for Geopolymer binders”, International J. Civil Engin.,
Vol. 7, 154-160.

[10] Chen, GZ., Fray, D.J., 2001, “Cathodic refining in molten salts:
Removal of oxygen, sulfur and selenium from static and flow-
ing molten copper”, J. Appl. Electrochem., Vol. 31, 155-164.

[11] Clayden, N.J., Esposito, S., Aronne, A., Pernice, P., 1991, “Solid
state 27A1 NMR and FTIR study of lanthanum aluminosilicate
glasses”, J. Non-Cryst. Solids, Vol. 11, 258-268.

[12] Gray, C.W., Dunhan, S.J., Dennis, P.G, Zhao, F.J., McGrath,
S.P., 2006, “Field evaluation of in situ remediation of a heavy
metal contaminated soil using lime and red mud”, Environ. Pol-
lut., Vol. 142, 530-539.

[13] Ho, Y.S., McKay, G, 1999a, “Thesorption of lead(Il) ions on
peat”, Water Res., Vol. 33, 578-584.

[14] Ho, Y.S., McKay, G, 1999b, “Pseudo-second order model for
sorption processes”, Proc. Biochem., Vol. 34, 451-465.

[15] Hui, K.S., Chao, C.Y.H., Kot, S.C., 2005, “removal of mixed
heavy metal ions in wastewater by zeolite 4A and residual prod-
ucts from recycled coal fly ash”, J. Hazard. Mater., Vol. B127,
89-101.

[16] Liu, Y., Naidu, R., Ming, H., 2011, “Red mud as an amendment
for pollutants in solid and liquid phases”, Geoderma., Vol. 163,
1-12.

[17] Mollah, M.Y.A., Lu, F., Cocke, D.L., 1998, “An X-ray diffrac-

tion (XRD) and fourier transform infrared spectroscopic (FT-IR)
characterization of the speciation of arsenic (V) in Portland
cement type-V”, Sci. total Environ., Vol. 57, 224-231.

[18] Ortego, J.D., Barroeta, Y., 1991, “Leaching effects on silicate
polymerization, A FTIR and 29Si NMR study of lead and zinc
in Portland cement”, Environ. Sci. Technol., Vol. 25, 1171-1174.

[19] Palmer S.J., Nothling, M., Bakon, K., Frost, R., 2010, “Thermally
activated seawater neutralised red mud used for the removal of
arsenate, vanadate and molybdate from aqueous solution”, J.
colloid Interface Sci., Vol. 342, 147-154.

[20] Quy, T. N., Bruce, A. M., 2001, “Lead adsorption and precip-
itation reactions on soil minerals”, Symposia papers presented
before the division of Environmental Chemistry American
Chemical Society, Vol. 41, 609-613.

[21] Smiljani¢, S., smiciklas, I., Peri¢-Gruji¢, A., Loncar, B., Mitric,
M., 2010, “Rinsed and thermally treated red mud sorbents for
aqueous Ni** ions”, chem. Eng. J., Vol. 162, 75-83.

[22] Srivastava, P., Singh, B., Angove, M., 2005, “Competitivead-
sorption behavior of heavy metals on kaolinite”, J. ColloidInter-
face Sci., Vol. 290, 28-38.

[23] Weng, C.H., Huang, C.P., 1994, “Treatment of metal industrial
waste water by fly ash and cement fixation”, J. Environ. Eng.,
Vol. 120, 1470-1487.

[24] Yu, P., Kirkpatrick, R.J., Poe, B., McMillan, PF., Cong, X,
1999, “Structure of calcium silicate hydrate (C-S-H): near-, mid-, and
far-infrared spectroscopy”, J. Am. Ceram. Soc., Vol. 82, 742-
750.

[25] Hyodo, M., Kuwabara, T., Sato, S., Nonaka, T., 2008, “Recy-
cling of fine demolished concrete as functional overlying sand”,
Trans. The Japanese Society of Irrigation, Drainage and Rural
Engineering (JSIDRE), Vol. 257, 19-25.

20134 3€ 144 A
2013\ 59 29 HAREA LA}
20133 59 64 AT LA}




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


