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Study on Characteristics of Fine Bottom Ash Based Geopolymer

Mortar
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This study is an experimental study on the recycling of bottom ash in coal ash discharged from a thermal power plant. Bottom ash has
limited research on recycling because it has more porous and higher water absorption ratio than fly ash. In this paper, the bottom ash
was pulverized to a specific surface area of 4,000cm’/g in order to use as a binder, and the flow, compressive strength test and
microstructure analysis of the bottom ash based geopolymer mortar were performed. The flow measurement results of the
geopolymer mortar showed that the flow rate was improved by increasing mixing water as the molar concentration of activator was
increased. Compressive strength increased with increasing curing temperature and molar concentration. Through the microstructure
analysis, we could confirm the geopolymer gel produced by the reaction of the condensation polymerization. It is considered that it is
possible to make the bottom ash based geopolymer concrete through proper molar concentration of activator and high temperature

curing.
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(Kwon et al, 2010).
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Table 1. Mix proportions
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Table 2. Chemical composition of bottom ash(wt%)

AL,0,| Si0, | Fe,04| CaO | MgO | TiO, | K,0 | NayO | L.O.1

24.7 | 49.1 | 9.8 9.6 1.1 | 0.88 | 0.96 | 0.81 | 3.05

e
2[l] DALJ\HUNNLH SITY

Before grlndlng After grmdmg

Fig. 1. SEM image of bottom ash
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Table 3. Physical properties of fine aggregate

Density(g/cm®) Fineness modulus | Water absorption(%)

2.63 2.92 0.48

Factor | Water/Binder(%) Activator/Binder

Binder/Aggregate

NaOH activator(M) | Curing temperature(C) Age(day)

BA-3M
BA-6M
BA-9M 45 1:2 1:245
BA-12M

BA-15M

3~15 20~70 1~91
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Fig. 2. Flow of bottom ash based geopolymer mortar
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Fig. 3. Compressive strength of geopolymer at curing temperature
20°C
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Fig. 4. Compressive strength of geopolymer at curing temperature
40°C
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Fig. 5. Compressive strength of geopolymer at curing temperature
60°C
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Fig. 6. Compressive strength of geopolymer at curing temperature
70°C
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Fig. 7. XRD analysis of geopolymer according to activator concentration
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Fig. 8. XRD analysis of geopolymer according to curing temperature
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Element Wt(%) At(%)

CK 16.88 26.51

0K 3831 45.17

NaK 0226 01.86

AIK 07.43 05.19

SiK 26.90 18.06

K K 01.19 00.57

- CaK. 01.99 00.94

o FeK. 05.05 01.71
A : Bottom ash

Element Wi(%) At(%)

CK 14.87 23.12

0K 38.81 4531

NakK 09.53 07.74

AIK 11.09 07.68

SiK 21.91 14.57

K K 01.00 00.48

* CaK 01.31 00.61

s FeK. 01.46 00.49

B : Geopolymer gel

(a) 70°C, 3M, 28 days
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Element Wt(%) At(%)
CK 13.55 221
0K 32.76 40.30
NaK 09.41 08.05
AIK 10.29 0751
SiK 26.97 18.90
K K 0091 00.46
- Cak 03.08 0151
Bpads e me e FeK 03.02 01.06
A: Geopolymer gel
Element Wi(%) At(%)
CK 12.67 20.74
0K 34.20 42.03
NaK 10.93 09.35
AIK 09.60 07.00
SiK. 25.43 17.80
K K 00.98 00.49
- Cak 02.96 01.45
Togad e FeK 03.24 01.14

B : Geopolymer gel
(b) 70°C, 9M, 28 days

Element Wit(%) At(%) 1
CK 12.81 20.17 Element Wi(%) At(%)
0K 39.44 46.60 C K 12.86 19.72
NaK 07.30 06.01 0 K 33.56 38.62
AIK 22.48 15.75 NaK. 45.62 36.53
SiK. 15.54 10.46 AIK 02.50 01.70
K K 00.35 00.17 SiK 04.65 03.05
« . CaK 01.01 00.48 CaK 00.82 00.38
EINNCTNNC D FeK 01.06 0036 * RO TR T
A : Geopolymer gel A:NaOH
Element Wt(%) At(%) » Element Wt(%) At(%)
C K 11.13 18.94 C K 16.72 2631
0K 30.48 38.94 0K 34.49 40.73
NaK 09.46 08.41 NaK. 14.93 12.27
AIK 15.44 11.70 AIK 07.02 04.92
SiK 25.13 18.29 SiK 18.28 12.30
K K 00.87 00.45 K K 00.82 00.40
n - CaK 03.56 01.82 CaK 03.38 01.60
EIC T FeK 03.93 01.44 FeK 04.36 01.47

B : Geopolymer gel

(c) 70°C, 15M, 28 days

B : Geopolymer gel
(d) 20°C, 9M, 28 days

Fig. 9. SEM image and EDS analysis of geopolymer
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