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Abstract The artificial lightweight aggregate (ALA) was manufactured in a rotary kiln at 1125°C using green body
formed by pelletizing the batch powder composing of coal bottom ash (CBA) produced from power plant, clay and
dredged soil (DS). The TCLP (Toxicity characteristic leaching procedure) results showed that the dissolution concentration
of heavy metal ions of ALA fabricated in this study was below the limitation defined by the enforcement regulations of
wastes management law in Korea. The ALA containing 60~70 wt% CBA had a bulk density of 1.45~1.49 and a water
absorption of 17.2~18.5 %. The impact values for oven-dry state and saturated-surface dry state of ALA were 27.4+1.3
and 23.4+ 2.6 % respectively. The 28-days compressive strength of concrete made with various ALA was 22.7~27.8 N/mm’,
The slump of concrete with ALA contammg CBA 60 and 70 wt% were 7.9 and 14.3 cm respectively. The unit weight of
concrete made with any ALA fabricated in this study was satisfied with the standard specifications of lightweight concrete
for the civil engineering and construction presented by Korea as below 1.84 ton/m’.
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Table 1
Composition of artificial lightweight aggregates (wt%)
Component
Specimen 1.D. B/A Clay DS
DSI15 70 15 15
DS20 60 20 20
DS30 70 - 30

Clay
Dredged soil

| |
|

Milling & Mixing

Forming

Coal bottom ash

(Pelletizing)

|

Drying

|

Sintering
(Rotary kiln)

Evaluation

Fig. 1. Flow chart of manufacturing procedure for artificial
lightweight aggregates.
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Table 2
Chemical composition of raw materials (wWt%)
Ig.loss  SiO,  ALO;  Fe,0, CaO MgO Na0 KO TiO, ZrO, P,0; Cr0, MnO C
B/A 4.07 45.58 18.60 8.08 217 0.78 0.18 0.51 1.33 033 024 001 0.05 18.06
Clay 11.03 57.86 19.08 7.07 0.20 1.04 0.09 254 092 - 017 - 0.22 -
D/S 4.08 70.71 14.38 3.82 0.79  0.18 2.51 270 080 - 0.03 - - -
uV/mg
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Fig. 2. XRD pattern (a) and TG/DTA curve (b) of dredged soil.
Table 3

ICP and IC analysis of dredged soil (mg/1.)

Cd  Mn Cr Pb As SO F
D/S <0.005 0.54 0.009 0.256 0.090 971.90 50.10 <0.5
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Fig. 3. Bulk density and water absorption of artificial lightweight
aggregates sintered at 1125°C for 15 min in rotary kiln.

#T‘/I—E

Fi

1T},

3 2l ZEA 1125°CeA 1587 a4

FREEAY HFE E FFES VER o]

A FAlE 243 gAglo]l 1.45~1.492] vhe H]%

S vERiYeH 5488 17.2~18.5%Z LUERAQITE

vl 30 wi%] SAE7E A7EE DS30 SluaE

el 7As-, ARE} E=HES 7 15 wi% H7FE DS15
2 0.

O FAHUEAN R v 0.04 ¥, 8L 13% &

e

.4

A
zo

lo > rE

It
i

IS ol FAES HFE Hla] gAMECR
Aeshe dze] 9 AU EF AEEEC] o Wol ¥

el Qlo} 2 A 2A) Eelol el ol A4

olek. & A7 EHl Y BAAES e

K

=



214 Kangduk Kim and Seunggu Kang

DS15

D820

DS30

Fig. 4. Optical microscopy photographs of artificial lightweight aggregates sintered at 1125°C for 15 min in rotary kiln.
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Table 5
Impacting test of artificial lightweight aggregate

Ht.

o)A

m‘f

__/

S ANE Table 59 VERASIT

N2 g FAgkl
o FA%e A% 3

FAgEA ] FAA
Cla=viibds 7<47H o174
26.2~28.7 %= UeRion, £ Zi
Aglz 1081 A4S 24.3-26.0 %S VERIITE oHgt
HES ok g4 ZA)e 714 ”EH 8%k 148%@4

18 =7, A AE 27 147 %HT LW =

Table 4
TCLP* test of artificial lightweight aggregates (ppm)
Pb Ccd Cr Cu Hg As
Limit** 3.0 0.3 1.5 3.0 0.005 1.5
DS15 - - - - - -
DS20 - - - - - -
DS30 - . - - - -

*Toxicity characteristic leaching procedure.
##Defined by waste management law enforcement regulations in
Korea.

Oven-dried state

Saturated-surface dry state

Specimen LD. e Impact value (%) Number of impact Impact crushing rate (%o) Impact value (%)
DSI15 27.6 10 16.2 24.3

15 23.0 23.0
DS20 28.7 10 17.3 26.0

15 23.6 23.6
DS30 26.2 10 16.8 25.2

15 20.8 20.8
Commercial crushed aggregate 14.8 10 8.8 14.7

15 124 12.4
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Table 6
Mix proportions and physical properties of conerete

215

Materials (kg/m")

S/IA* W/CH* - Bind 28-day smngth Slump  Unit weight of

. % % Ialer Fine Coarse inder (N/mm®) (cm)  concrete (ton/m”)
Mix. No. oy 00 Water - Cement aggregate aggregate (%)
Commercial 47 55 173 315 827 936 0.5 27.8 13.0 265
crushed aggregate
DS13 47 55 173 315 827 613 0.5 22.7 14.3 1.80
DS20 47 55 173 315 827 628 0.5 23.4 7.9 1.82
DS30 47 55 173 315 827 621 0.5 23.8 - 1.84
*S/A = Sand percentage among total aggregates.
*EW/C = Water to cement ratio.
Compresswe strength.
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