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ABSTRACT

Artificial lightweight aggregates and solids were manufactured with coal ash(fly ash, bottom ash). In order to
apply alkali-activated coal ash(fly ash, bottom ash) artificial lightweight aggregate to concrete, several experimental
studies were performed. Thus, it can be noticed the optimal mix proportion, basic characteristies, mechanical
properties and environmental safety of alkali-activated coal ash(fly ash, bottom ash) solid and alkali-activated coal
ash(fly ash, bottom ash) artificial lightweight aggregate. Also, the freezing—-thawing test property of conctete using
the alkali-activated coal ash(fly ash, bottom ash) artificial lightweight aggregate was investigated. As a result, the
optimal mixing proportion of coal ash(fly ash, bottom ash) solid to make alkali-activated artificial lightweight
aggregates was cement 1096, water glass 15%, NaOH 10 %, MnQO: 5%. Alkali-activated coal ash(fly ash, bottom
ash) solid can achieve compressive strength of 364 MPa, at 7-days, after the paste was cured at air curing after
moist curing during 24 hours in 50 ‘C. Alkali-activated coal ash{fly ash, bottom ash) artificial lightweight aggregate
that do impregnation to polymer was improved 10 % crushing strength 150 %6, and was available to concrete.
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Table 1 Properties of fly ash and bottom ash (unit :
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Fig. 1 XRD pattern of fly ash
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Fig. 2 XRD pattern of bottom ash

o 257F AHYE NaOH, water glass, 2 #7513
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Type Density (t/m’) LOIL Si02 AlO3 Fe:0s3 CaO MgO S0Os Naz0 TiO:
Fly ash 2.20 3.5 57.09 24.66 105 2.58 1.37 0.94 - -
Bottom ash 1.98 13.4 50.29 24.08 3.81 3.05 1.28 - 1.37 0.84
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Table 2 Mixture proportions and compressive

ol gd

strength of coal ash (unit : percentage
about coal ash amount)
Type Fly ash: [NaOH| Water Compressive
bottom ash| (%) |glass (%) | strength (MPa)
B1-N1-G1 5 10 20.3
B1-N1-G2 15 23.1
B1-N2-G1 10 27.1
B1-N2-G2 55 10 15 28.1
B1-N3-Gl1 15 10 23.9
B1-N3-G2 15 25.7
B2-N1-Gl1 5 10 26.6
B2-N1-G2 15 27.6
B2-N2-G1 10 33.8
B2-N2-G2 6:4 10 15 36.4
B2-N3-G1 15 10 28.4
B2-N3-G2 15 30.9

% Cement(10%), MnO3(5%)
Curing method : 144 hr air curing(18 C) after 24 hr
moist curing(50 C)

Table 3 Testing method of artificial lightweight
aggregate

Testing method

Unit weight / solid
volume percentage

KS F 2505 methods of test for
bulk density of aggregates and
solid content in aggregates

109 crushing value

KS F 2541 testing method for
determination of aggregates
crushing value

Absorption / density

KS F 2503 testing method for
density and absorption of coarse
aggregates

Gradation

KS F 2502 methods of test for
sieve analysis of aggregates

Table 4 Proportioning of concrete mixtures
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Used v Air w/C S/a Unit weight (kg/m®) SP agent
sed ageregale (%) (%) (%) Water Cement Sand Gravel (Cx%)
JCA, GCA,

CCA. PCCA 415 45 b8, 155 352 838 595 0.2
NCA 415 45 45 158 350 808 1007 0.2

Gmax : JCA(clay artificial lightweight aggregate produced by Japan)=15, NCA(Natural crushed stone aggregate)=19,
GCA(clay artificial lightweight aggregate produced by German)=16, CCA(Non-sintered coal ash artificial lightweight
aggregate)=19
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Table 5 Properties of aggregates
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Aggregates Density of saturated surface| Absolute dry 10 % crushing | Unit We1ght Solid volume |Compressive strength
dry aggregate(t/m’) density(t/m®) | value(kN) (t/m>) percentage (%) 28day (MPa)
JCA 1.48 1.37 81.4 0.788 60.0 279
GCA 1.29 1.13 785 0.675 62.6 28.4
CCA 1.75 151 794 0.891 58.3 278
PCCA 1.78 1.55 117.7 0.906 574 30.1
NCA 2.69 2.55 205.9 1.667 59.8 325

% PCCA : Polymer impregnated CCA
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Fig. 3 Compressive strength of alkali-activated coal
ash
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Table 7 Results of freezing and thawing test
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Table 6 Test results of extractable havymetals

Type |Cd(mg/L)|Cr(mg/L)|Cu(mg/L)|Pb(mg/L){Zn(mg/L)
Result by
KSLT N.D. 0.017 N.D. N.D. 0.014
KSLE 1 o2 15 3.0 3.0 -
imit
Result by
TCLP N.D. 0.017 N.D. N.D. N.D.
TCLP _ j
Jimit 1 5 5

No. Air content (%) Final cycle Relativeei:laysrziacrirtlilc (r({lﬁo)dulus of Durability factor (%) Compres(ls\;[\;ea)strength
CFO 15 271 60 54.2 278
CF1 300 83 83.0 25.7
CF2 6 300 92 92.0 245
CN 15 300 91 91.0 34.5

¥ A using aggregate is CCA in all batch

Z12| 8M5} MELS|(Fly Ash, Bottom Ash) QlZZzkz=r) 3l 232|E M 755



32.0

0 Y

30.0

29.0

28.0

Compressive strength(MPa)

27.0

26.0

25.0
ca GCA

cCca PCCA NCA
Type of aggregates
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