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Abstract In this study, prevention methods of radial cracks generated inside of artificial lightweight aggregate made of
reject ash and dredged soil were investigated. The reject ash and dredged soil had mixed with weight ratio of 7:3 and
formed to spheric shape of 5~20 mm diameter, then, the aggregates were manufactured using flash sintering method at
1200°C for 10 min. The formation of radial cracks in the aggregates were suppressed as the size of specimen decreased.
Also, the addition of silica to aggregates had prevented generation of the radial cracks. As the size and the amount of
silica powder added increased, the development of radial cracks was constrained. Therefore the artificial lightweight
aggregate manufactured in this study expected to be applicable to many fields such as construction and environmental
usages. Also it is expected to contribute greatly to increase the recycling rate of reject ash and dredged soil.
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Table 1
Chemical compositions of reject ash and dredged soil (wt%)
SiO, Al, O, Fe, 0O, Ca0O MgO K,O Others Ig. Loss C
Reject ash 52.6 24.1 42 5.1 0.9 1.1 1.6 10.3 8.8
Dredged soil 67.9 15.5 3.6 0.9 0.8 2.6 29 5.9 0.6
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Fig. 1. Thermal analysis using DTA/TG for the mixture of
reject ash and dredged soil. The ratio of reject ash to dredged
soil is 7 : 3 in weight base.
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Fig. 2. Optical-microscopic photographs of artificial aggregates of different diameters sintered at 1200°C for 10 min using flash
sintering method in electric box furnace.
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Fig. 4. Optical microscopic photographs for the cross section of artificial aggregates containing various amount of SiO, powders
sintered at 1200°C for 10 min using flash sintering method in electric box furnace.



Study on the prevention methods of radial cracks generated in artificial lightweight aggregate 203

Fig. 5. SEM images of aggregates sintered at 1200°C for 10

min using flash sintering method in electric box furnace; (a)
surface of no SiO, added, (b) surface of 15 wt% SiO, of 150 pum,
and (c) the cross-section of specimen (b) magnified by x 300.
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Fig. 6. Physical properties of artificial aggregates as a function

of amount of SiO, added and diameter of aggregates, sintered

at 1200°C for 10 min using flash sintering method in electric
box furnace: (a) specific gravity and (b) water absorption.

Si0, 5 #H7tsted A|xs AFZAIL viF 2 S5ES
Fig. 6o YERNSITE Si0.2 FH7Iste] A|x3k A=A
= A7 o #AIRle] SioE e ke &
AHTE vlFo] F 3~7% H& =A YET) ol= Sio,
o] HlFo] ¢F 22 HEE KB e FAHE HU; &7
ol Si0, H7IE ols] IR H|Fo| ZvkE o=
vhtE ek, B3 Si0, 7ol o8l FA W AR 7
o] Aol H|F F7hl tha 7|rtar AzbEn, v
g9 Y, SioE ket e HHA @2 =
AN EFEHTF 17-25% 7FF 724" 72+ Jehi2
b AR #ge o o] 7R AdE] A
I YepER Sio, M7l s WA 4E 34
o] Ao} AJHS] F4g0] A #HAFH= 19E Y
Bl 202 AlsH

4.4 B

B A7 MEst 2aER Az

i,
r o
o}l
of

ikl



204 Jimin Kang, Kangduk Kim and Seunggu Kang

Al WFel] whAshs AN #ES WAshs Wil o
sto] At JAFAFEA A7 V7F FATFE A
Al shE 7ERe] wiEEe ARE AAA WF
g S A & 5 ATk TS JY=7F 90~150 pm
Heel Sio, #ES st AT FEANE Azt
i 4 o] AR ol H7FE Sio, YA
RgE ePds] AgsiAl Fetal TRl ZlEely 35
S FATOEAN A FHA TAE Th2e] TEY
5 7] wiEelh

AzE QFRFEAL D730 ALFE s R FF
&o] ¥ Z7ksieh. 470 10mm o1el Aol

WA el W F Fgo] TSR, WA dEe Tl
F(open pore) 54 ZH Ho F4go] Eokkl A
ot AxE A7 Smm ZAe] Hl&] 20 mm ZA|e] 73
T, FE2 9 65% S7IRIATE Si0E H7bskd Al
X3 JIFFA= HrlskA] 2 A9 FrERTh
17~25 % 7V 24a¥ 3h& YepiRle. ol Sio, 7t
2 o] AEHW| W2 AlEHT

AEHO R, B9} FAHES EFete] AR
Ag st e R Axd of BAsk= WF LA
T4EE FAe] A7) Al 2 A7t H7 ofste] A
2 g d%leH gEo] FE0] dase 2dE
oé_% 2= oloﬁ;]..

¢
>
o N

)

B AT 20153dE F7Iiskn ek ATast
A F31F ALl 2lslel +Y=AFUL,

References

[1] Y.D. Jo, “Electric industry and environmental effect”,
Korea Electric Association, Electricity Almanac (2009)
p. 343.

[2] M.A. Kang, S.G. Kang, G.G. Lee and Y.T. Kim, “Fabri-
cation of artificial light-weight aggregates of uniform
bloating properties using a temperature-raising sintering
method”, J. Kor. Ceram. Soc. 49 (2012) 161.

[3] M.A. Kang and S.G. Kang, “Effect of activated carbon
on bloating properites of artificial lightweight aggre-
gates containing coal reject ash and bottom ash”, J.
Korean Cryst. Growth Cryst. Technol. 23 (2013) 201.

[4] SJ. Kim and J.B. Park, “Treatment, disposal, and reuse
of contaminated dredged sediment in the ocean”, J. Kor.
Soc. of Civil Engineers. 55 (2007) 66.

[5] S.G Kang, “Dependence of physical properties of artifi-
cial lightweight aggregates upon a flux and a bloating
agent addition”, J. Korean Cryst. Growth Cryst. Tech-
nol. 19 (2009) 48.

[6] K.G Lee, “Bloating mechanism for coal ash with iron
oxide”, J. Korean Cryst. Growth Cryst. Technol. 24
(2014) 77.

[7]1 T.Y. Lo, W.C Tang and H.Z. Cui, “The effects of aggre-
gate properties on lightweight concrete”, Build Envi-
ron. 42 (2007) 3025.

[8] H.Z. Cui, T.Y. Lo, S.A. Memon and W. Xu, “Effect of
lightweight aggregates on the mechanical properties and
brittleness of lightweight aggregate concrete”, Con-
struct Build Mater 35 (2012) 149.

[9] R.N. Swamy and GH. Lambert, “Mix design and prop-
erties of concrete made from PFA coarse aggregates and
sand”, Int. J. Cement Compos. Lightweight Concr. 5
(1983) 263.

[10] Y. Ke, A.L. Beaucour, S. Ortola, H. Dumontet and R.
Cabrillac, “Influence of volume fraction and characteris-
tics of lightweight aggregates on the mechanical proper-
ties of concrete”, Construct Build Mater 23 (2009)
2821.

[11] J.W. Moon, J.P. Won and H.K. Jeon, “The application
and case of lightweight concrete”, Korea Concrete Insti-
tute Conference 5 (2006) 224.

[12] J.M Kang and S.G. Kang, “Behavior of radial cracks
generated inside artificial lightweight aggregate manu-
factured from reject ash and dredged soil”, Interna-
tional Journal Precision Engineering and Manufacturing
16 (2015) 1329.

[13] A. Escardino, A. Barba, A. Blasco and F. Negre “Oxi-
dation of black core during firing of ceramic ware: 4
Relationship between effective diffusity of oxygen
through oxidized layer and properties characterizing its
porous structure”, J. Br. Ceram. Trans. 94 (1995) 103.

[14] 1.Y. Park, Y.T. Kim, K.G. Lee, S.G. Kang and J.H. Kim,
“The mechanism of black core formation”, J. Korean
Cryst. Growth Cryst. Technol. 15 (2005) 208.

[15] V.Z. Abdrakhimov and E.C. Abdrakhimova, ‘“Forma-
tion of the black core in high-speed firing of floor tiles”,
Glass and Ceramics 56 (1999) 30.

[16] Y.P. Kareev, “Sandwich structure in the Etruscan-Padan
type pottery” Appl. Clay Sci. 27 (2004) 199.

[17] Y.R. Ryu and Y.T. Kim, “A study on the characteristics
of ecological lightweight aggregates containing reject
ash from the power plant”, J. Korean Cryst. Growth
Cryst. Technol. 20 (2010) 185.

[18] C.R. Cheeseman and G.S. Virdi, “Properties and micro-
structure of lightweight aggregate produced from sin-
tered sewage sludge ash”, Resources, Conservation and
Recycling 45 (2005) 18.

[19] S.N. Jo and S.G. Kang, “A study on the properties of
artificial aggregates containing bottom ash from the
power plant and waste catalyst slag”, J. Korean Cryst.
Growth Cryst. Technol. 22 (2012) 200.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


