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ABSTRACT

Pond ash produced from Seochun Power Station was quantitatively characterized to manufacture geopolymers with a range of Si/
Al compositional ratios. Mix consistency was kept nearly constant for comparing the compressive strengths of geopolymers. The
amorphous composition of coal ash was determined using XRF and quantitative X-ray diffraction. Different mix compositions were
used in order to achieve Si/Al ratios of 2.0, 2.5 and 3.0 in the geopolymer binder. Geopolymers synthesized from coal ash with a Si/
Al ratio of 3.0 exhibited the highest compressive strength in this study. It was found that geopolymers activated with aluminate
produced different microstructure from that of geopolymers activated with silicate. High silica in alkali activators produced the fine-
grained microstructure of geopolymer gel. It was also found that high compressive strength was related to low porosity and a dense,
connected microstructure. The outcome of the reported experiment indicates that quantitative formulation method made it possible to
choose suitable activators for achieving targeted compositions of geopolymers and to avoid efflorescence.
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= T2 S vl e} Bl F J=rF 2 3
AF3] (reject ash)7b 4% = o] migA] ol sl 3
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ANTE Bxo7 AMgEE EH A (collector)ZE T
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100 um ©]s7F H =S Fajste] Aol ARE-sHATh

Al o] A7 XA IEEAS HEHMEY 7
DIFFRAC™ TOPAS 4.2(Bruker-AXS, Germany) A2 E
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detector’} §-2¥ D8 Advance diffractometer(Bruker-AXS,
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a7y AIA ZE 7 2tHNaOH, Sodium hydroxide,
Wako pure chemical, =% 97.0 wt% ©17), -2l (Na,SiO;
H,0, Kanto chemical, SiO, 35~38wt%, Na,O 17~ 19 wt%),
GF kAT B (NaAlO,, Junsei chemical, Na,O 35.0~
39.0 wt%, ALO; 52.0~56.0wt%), &-FuAkATE &-9(Na
AlO,-nH,0, Gollolel A W3}18} Na,0O 20.0 wt%, Al,O,
19.0Wt%, HyO 52 wt%)S AH&-shiet. &Fuldtart old
dFUEY] THYCE TR EEE 700°CAIA 2413t
BoF AT WEFSAU(SIO, 54.60 Wi, AlL,O; 42.71 wi%)
= ARSI NaOH= S/ E3sta, -9 u=f
Efe, ¢Fatat 93 Hof 24A17ko] HxtE &
Mgk oF E3skal

W= vy Aeke BiAE it $FuE, YE
o 43, 47 G|, = 9 e 9]
&, $FE, YEFY 4 AxslaAl e A oE8y
o] Si/Al @ Na/Al H]E 7#38te] Williams$} Riessen'>]
Aokt ol whet AL TH(Table 1). A kA2 FA|
of tist Al SAsA] e E(0H)Y free
water(H,0))8] FAHE AXFsEAAL, vig=2] A vi=
A71e Aol AZ Py £HZF (mini slump cone)
S AHEEk] el SH2E shke] WA 38.1 mm,

A 508 A|29.(2013)



136 ol - e -

AL - 7] - 2

Table 1. Elemental Ratios of the Geopolymers Prepared in This Study and the wt% of Each Feedstock Added. L/S is the Liquid to Solid
Mass Ratio, Where the Liquid is the Activator Solution Containing the Alkaki, the Silicate and the Water, and the Solid is the

Coal Ash
Sample name Si/Al Na/Al H/Si  L/Sratio Water content (Wt%) Mix formulation (wt%)

20AS 2.0 0.8 6.03 0.446 23 A 69.1, AS 10.2, NaOH 3.9, W 16.8
20NaAl 2.0 0.8 6.33 0.454 24 A 68.8, NaAl 3.6, NaOH 4.8, W 22.9

20MK 2.0 0.8 6.18 0.436 25 A 60.4, MK 9.3, NaOH 6.9, W 23.4

25SS 2.5 0.8 5.96 0.407 24 A 71.1,SS 1.9, NaOH 5.0, W 22.0
30SS-23 3.0 0.8 5.03 0.485 23 A 67.3,SS 15.7,NaOH 1.5, W 15.3
30SS-21 3.0 0.8 4.48 0.448 21 A 69.0, SS 16.1,NaOH 1.5, W 13.3
30SS-19 3.0 0.8 3.95 0.413 19 A 70.8, SS 16.5,NaOH 1.6, W 11.1

A :coal ash, AS :sodium aluminate solution, NaAl : sodium aluminate, MK : metakaolin, SS : sodium silicate solution, W : free water

Peak Phase

- ! WUW

Quartz 7.6 % (8.5 %)
Maghemite 5.0 % ( 5.6 %)
Fluorite 10.0% ( 0.0 %)
Mullite 20.4% (22.6 %)
Amorhpous 57.0 % (63.3 %)
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Fig. 1. A plot showing the observed, calculated powder diffraction patterns and difference as determined from Rietveld refinement
for Seochun carbon-free pond ash sample. The numbers in parentheses refer to the mineral and amorphous contents except

internal standard.
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Table 2. Chemical Composition of the Cleaned Seochun Coal Ash

b )] A egemel 1 5] |t 137

(Wt% as oxides)

SIOZ A1203 Fezo3 CaO MgO

K20 Na2 (0]

TiO, MnO P,0; LOI*

50.90 29.80 10.44 1.09 1.25

3.38 0.32 2.02 0.08 0.21 0.51

*Loss on ignition

Table 3. Amorphous Composition of the Coal Ash Used in This

Study

Oxide wt%
Sio, 36.80
AlLO; 12.82
F6203 4.87
CaO 1.09
MgO 1.25
K,O 3.38
Na,O 0.32
TiO, 2.02
MnO 0.08
P,05 0.21
Sum of amorphous aluminosilicates 49.62
Si0,/Al,04 2.87
Si/Al (molar) 2.44

F2 128 wi%= YERY B1- A SYAL Hl= 2442 AR
ATk meEkA Si/Al H7F 244H T W X ZEME
Az e dFres 393 = A EFYt
2ty dEPskAgEe e WEyeds Frea,
Si/AL 7} 2.59F 3.0%1 49 =729 NaOHE AH&-3k3d
THTable 1).

Table 12] ZAL 2 THE0Z Qo Zg|H o] A=HLE
Fig. 201 Jepfidth 54 =s 47 FAIA Q] Hagtol
3 ZFAAE A BT AR T2 Y89 %23
o2 A& Si/Al H]E 2.0, Na/Al H]7} 0.89] 5]
T2 ujge A-$(AE 20AS, 20NaAl, 20MK), "|Y &3
Z H2E & SHZHE uFE st A2 A AR
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Compression strength (MPa)

0 T T T T T T T
20AS 20NaAl 20MK 25SS 30SS-23 30SS-21 30SS-19

Fig. 2. Compressive strength of geopolymers produced from
mix compositions in Table 1.

Fig. 3. (a) Slumped geopolymer paste and (b) four geopolymer

samples of 20AS.
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Fig. 4. SEM micrographs of fracture surface of geopolymers (Si/Al=2.0, Na/Al=0.8) prepared by different formulations in this study.

(a) 20AS, (b) 20NaAl, and (c) 20MK.

=

Fig. 5. (a) Collapsed fresh geopolymer paste of 30SS-23,

(b) slumped fresh geopolymer samples of 30SS-21, and (c) 30SS-19 formulated

with the same molar Si/Al ratio = 3.0 and different water content.
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Flg 6. SEM mlcrographs of fracture surface of geopolymers
((a) Si/Al=2.5, Na/Al=0.8; (b)-(d) Si/Al=3.0,Na/
= (.8) prepared formulations in this study.
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