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Fabrication of Lightweight Aggregates Using Fly Ash from
Coal Burning Heat Power Plant
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Abstract Recycling industrial wastes such as fly ash from a coal burning heat power plant and shell from an
oyster farming were investigated to prevent environment contamination as well as to enhance the value of recy-
cling materials. In this study, the lightweight aggregates and the red bricks were fabricated from fly ashes with
other inorganic materials and wastes. The starting materials of the lightweight aggregate were fly ash powder and
water glass, and the compacts of these materials were heat treated at 1100°C. The fabricated lightweight aggre-
gates had low bulk density, 0.9-1.2 g/cm’, hence floated on the water and had the strength of 7.0-11.0 MPa and the
modulus of 2900-3300 MPa which indicates it has enough strength as the aggregate. Another type of the light
weight aggregate was prepared from fly ashes, shell powders and clays. The bulk density, porosity, and com-
pressive strength of these aggregates were 1.19-1.34 g/cm’, 18.3~56.1% and 5-12 MPa, respectively. The addition
of a small amount of fly ash powder prevented hydration of the light weight aggregates. The red brick was also
fabricated from the fly ash containing materials. It is suitable for the brick facing of a building as it has moderate

strength and low water absorption rate.
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Table 1. Production of fly ashes in domestic
(unit : 1000 ton)

Year | 1687 1989 1991 2001 2006
Coal
coal 652 783 871 4382 5,060
Output
anthracite | 1,090 1,063 1,284 600 382
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Table 2. Mixing ratio of raw materials for the lightweight
aggregates

Sample Materials Ratio (wt.%)
A Shell powder 100
B Shell powder 90

clay 10
Shell powder 50
C clay 10
glass powder 40
Shell powder 66
D cly ash 17
glass powder 17
Shell powder 50
E fly ash 25
glass powder 25
Shell powder 10
F fly ash 60
glass powder 30

Table 3. Firing conditions for the preparation of the
lightweight aggregates

Sample HE? (tjl/nn%i:;te D“Eilqli:)m © Tg,rg? ’ Calcination
A 5 180 1200 900°C, 30 min
B 5 180 1100 800°C, 120 min
C 5 120 1100 800°C, 120 min
D 5 30 1200 -
E 5 30 1100 -
F 5 10 1100 -
AL Ysigl o o|F B3l 4 AHES &5

AT 9 SASE Abslein =T Axd Alel
SHFES He) Slste] AlBS AT A

¥ BHS SEMES AREsle] sl e YEF-E
= BETE AMsle] ZA}E}I
3. 83 & nFE
3.1. ¥8

297 97% olAto] CaCOZ °]Foix 9lom?
Zalolol4le] FAEE E 49} 7o Si02h ALOK
o} AZ2E A who) el 44.6 wt%E W
ko] B RS de A& ¢ U =7
5wi% o142l Fe,07F Ff=e] sledl ol Axst
A7A2) AAH MEe] ogs vl Ao Als

Journal of Korean Powder Metallurgy Institute

2
T

o

Fly ash Powder

Pulverization

Heat treatment

Fig. 1. Flow chart of lightweight aggregate preparation.
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Fig. 2. TG/DTA curves of the fly ash.

Table 4. Chemical analysis results of the fly ash and the calcined fly ash

Sample Si0, Ca0 ALO; Fe0, MgO

MnO TiO, PO, NaO KO C S

Dry 28.28 049 1318 s 0.43
Calcination 56.91 0.80 24.84 9.53 0.97

0.048 0.84 0.07 091 1.72 44.6 1.2
0.063 1.41 0.13 1.86 3.10 0.60 0.15
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Fig. 3. Particle size distribution of the fly ash.
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Table 5. Mechanical properties of the samples sintered at
1200°C

Property Value
Bulk density (g/cm®) 1.63
Apparent density (g/cnr’) 2.0
Apparent porosity (%) 10.0
Water absorption (%) 6.3
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Fig. 4. SEM microphotograph of the red brick produced
from fly ash.

Table 6. Physical properties of the batch compacts after
firing

! i - ;
Sample DUk density Apparent porosity Water absorption

(g/em’) (%) (%)
B 1.25+0.35 56.1£13.5 7.9+3.0
C 1.3440.2 28.143.5 19.542.8
D 1.23£0.06 57.6+1.8 47.124.6
E 1.270.02 52.420.4 41.6+0.7
F 1.19+0.04 18.3+3.2 15.442.3
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Table 7. Mechanical properties of the lightweight aggregates
prepared from fly ash

Bulk density App arfmt Wate.r

Property (g/om’) porosity absorption
(%) (%)

09-12 15.0 - 22.0 5.0-17.0

Table 8. Compression test results of the lightweight
aggregates

Max. Load Max. Stress YLD. Stress Modulus
(KN) (MPa) (MPa) (MPa)
09-12 7.0 - 11.0 6.0 -9.0 2900 - 3300
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Fig. 5. SEM micrograph showing the fracture surface of
the lightweight aggregate.

Fig. 6. Photograph of the lightweight aggregates prepared
from fly ash powder.
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