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Characterization of artificial aggregates of coal bottom ash-red clay system
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Abstract In order to recycle the coa bottom ashes (denoted as BA) produced from a thermal power plant, the artificial
aggregates (denoted as AAS) containing BA and red clay were manufactured, and the physical properties of AAs were
studied as a function of particle size of BA and batch compositions. As-received BA had 38 wt% coarse particles of above
2mm and many unburned carbon mass and porous dag particles were co-existed. So the two particle sizes of BA, the fine
(<100 um) and coarse (<2 mm), were prepared by milling and screening process. The AAs containing fine BA sintered at
1100~1200°C had the higher bulk density and lower water absorption compared to the specimen made of coarse BA. The
inside core of AAs manufactured by using coarse BA showed nonuniform and porous microstructure, while the AAs made
of fine BA had a uniform and dense microstructure. In this research, the AAs containing BA and red clay with various
bulk density (1.2~1.7) and water absorption (13~21 %) could be manufactured by controlling the particle size of BA and
batch compositions, so the AAs of various physical properties could be applied to the wide fields such as construction/
building materials in near future.
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Table 2
Composition and particle size of coa bottom ash for artificial

aggregates

Particle Composition (wt%)
Specimen |.D: szeof BA  ga Red day
C-BA30 30 20
C-BA40 2mmunder 40 60
C-BAS0 50 50
F -BA30 30 20
F-BA40 100 um under 40 60
F-BAS0 50 50

*C means coarse particle of 2 mm under coa bottom ash which
was collected by screening the as-received bottom ash.

**E means fine particle of 100 um under coal bottom ash which
was collected by screening the pulverized bottom ash by ball mill-
ingfor 24 hrs.
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Table 1
Chemica compositions of coal bottom ash and red clay (Wt%)
SO, AlLO; FeO; CaO MgO NaO KO TO, 2zZro, POy MnO C Igloss
BA’ 456 186 81 22 0.8 0.2 05 13 0.3 01 01 181 41
Red clay 579 191 71 0.2 10 01 25 09 0.0 0.1 01 0.0 1.0

*BA: Coa bottom ash discharged from thermal power plant.
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(a)

Fig. 1. Optical image of cod bottom ash classified by screening as (a) 1~4.75mm and (b) 0.425~1 mm in diameter.
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Fig. 2. (a) Paticle sze digribution for the asreceived cod
bottom ash, and (b) loss on ignition vs. particle size relation.
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Fig. 3. Particle size distribution of pulverized coa bottom ash
using ball mill for 24 hrs.
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Fig. 4. Bulk densty and water absorption of artificid aggregates
fabricated by using red clay a function of sintering temperature.
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Fig. 5. Bulk densty of artificia aggregates fabricated by using
(8) coarse and (b) fine coa bottom ash as a function of sintering
temperature.
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Fig. 6. Water absorption of artificid aggregates fabricated by
using (a) coarse and (b) fine coa bottom ash as a function of
sintering temperature.
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Fig. 7. Opticd image of cut cross section of artificial aggregates using coarse coa bottom ash sintered at different temperature in
eectric furnace.
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Fig. 8. Optical image of cut cross section of artificia aggregates using fine coa bottom ash sintered a different temperature in eectric
furnace.

Aodngor #EsE Adolt. MY AR Alxd
A=A, Wi-et AEFe7t s FREA %k,
A A7 Ze A WA H2Ale WAl glof, Rk
Al A2t ZAe] wE Al veh= black coring @
o] e A] & Ao® AETh B3k 2§ v

2 Azd JdF=A(Fig. 7)ell viste], Wil At 7%
| E2A15A] & vhd, AJH TS 71EX 2= U

O

o U,
o] FY(radia crack)o]l T FEEL ol 24
Al WA = oheFe] Tt XLEE BA ZEUE YA

o WA s gl gz dde WA
Zo 2 ke,

4.4 B

st aolA BEE vEAE A ES S5t6t]
AFZAE Axsiler, o] wf ueta)e] et wje]
wslel] e QlaFzAlel 54 Wsks dEsIsich. vEA|

= 2mm ol =79 dA=o] BwitnzE Azl 2o

o rr

Aw= UERJOH, nddE Holg|Ex vk Se
So| & EA519TE E3] 2mm oA YAEe e

N

En

FeES- 26.0Wit%E 2 mm ©]3F YAkl HlE| nHdE Yo
So] o] EAjgro] F2lEdT}. 1100~1200°Ce] 2=

=M AlE w100 um o8t

s /‘Wiol }-% HFEA (2 mm  ols})e] 7-9-Eh
FIHSS 3l e WA SAEUN 3 29
s 2 AlzE Al vd sl vide |

JRUSE 8| AWK B VATEE B WA, A
¥ el AxE JdTEAE ALsa #AT AT
2 Uehigle. ¥ 972 Fol wiele] Ao ¥

ZAWNIE B8 WF 1.2~17, 35S 13~-21 %S TRk
Els %*é% Zk= QlFEAle] Alzrt 7Fssilen, wet
v S AEEe JIFEFANE AF/ES AR
5 E‘r%hz TokE 28T ¢ UL ZoE JgiE.

SN SEAEY 7N T de
&AL E-E 717 NEAI O] Aol eJate] ATty
Nom olof ZA=HUTH A S 11-E28-IR).

[1] V.S Lee and S.G Kang, “An experimental study on the



[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Characterization of artificia aggregates of coa bottom ash-red clay system

engineering characteristics of functiona construction
materials using fly ash”, J. of the Korean Society of
Civil Engineers 20[2-C] (2000) 147.

K.K. Kuk, H.Y. Kim and B.S. Chun, “A study on the
engineering characteristics of power plant coa ash”, J.
of the Geo-environmental Society 11[5] (2010) 25.

Y.W. Yoon, K.S. Chae and K.H. Song, “Evauation of
static and dynamic characteristics of coa ashes’, J. of
the Geo-environmental Society 10[3] (2009) 5.

Y.L. Koh and B.S. Chun, “The proper mixing ratio of
fly ash to bottom ash for use of highway embankment
and subgrade materids’, J. of the Korean Society of
Civil Engineers 12[1] (1992) 177.

B.S. Chun, Y.I. Koh, M.Y. Oh and H.S. Kwon, “Stud-
ies on engineering properties of coa ash obtained as
industrial wastes’, J. of the Korean Society of Civil
Engineers 10[1] (1990) 115.

D.Y. Shin and K.N. Kim, “Photocatalytic degradation of
gaseous acetaldehyde through TiO,-coated fly ash com-
posite”’, J of the Korean Ceramic Society 45[1] (2008)
43.

W.Y. Kim, H.B. Ji, T.Y. Yang, S.Y. Yoon and H.C. Park,
“Preparation of porous mullite composites through recy-
cling of coal fly ash”, J of the Korean Ceramic Society
47[2] (2010) 151.

W.G. Shin, D.S. Lim and B.S. Chun, “A study on sdlf-
hardening characteristic of coal ash by mixing ratio of
fly ash and bottom ash”, J. of the Geo-environmental
Society 11[6] (2010) 85.

B.S. Chun and Y.H. Yeoh, “A study on the recycling of
coa ash as structural backfill materials’, J. Kor. Soc.

[10]

[11]

[12]

[13]

[14]

[19]

[16]

[17]

[18]

311

Ocean Eng. 14[1] (2000) 74.

S.J. Choi and M.H. Kim, “A study on the Durabilities
of high volume coal ash concrete by the kinds of cod
ash”, J. Kor. Insti. Build. Const. 9[3] (2009) 73.

D.U. Lee and Y.S. Kim, “A study on the strength prop-
erties of concrete containing bottom ash as a part of fine
aggregate’, J. Architectura Ingtitute of Kor. 22[6]
(2006) 79.

S\U. Shin, S. Kumar, T.U. Jung and B.W. Shin, “The
strength and characteristic of PCC bottom ash”, J. Kor.
Geo-Environ. Soc. 8[2] (2007) 57.

V. Addl, C.R. Cheeseman, A. Dodl, A. Beattie and A.R.
Boccaccini, “Comparison of rapid and dow sintered
pulverised fuel ash”, Fuel 87 (2008) 187.

W.E. Browell “Black coring in structural clay prod-
ucts’, J. of the American Ceramic Soc. 40[6] (1957)
179.

V. Beltran, A. Blasco, A. Escardino and F. Negre, “For-
mation of black core during the firing of floor and wall
tiles’, Interceram 37[3] (1988) 15.

S.C. Huang, F.C. Chang, S.L. Lo, M.Y. Lee, C.F. Wang
and JD. Lin, “Production of lightweight aggregates
from mining residues, heavy metal dudge, and incinera-
tor fly ash”, J. of Hazardous Materias 144 (2007) 52.
SM. Han, D.Y. Shin and SK. Kang, “Preparation for
porous ceramics using low grade clay”, J. of the Korean
Ceram. Soc. 35[6] (1998) 575.

M.A. Kang and S.G Kang, “Characterization of artifi-
cial aggregates fabricated from coa bottom ash contain-
ing much unburned carbon”, J. of the Korean Crysta
Growth and Crystal Tech. 21[1] (2011) 47.




<<
  /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


