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TANAKORN PHOO-NGERNKHAM : A STUDY ON COMPRESSIVE
STRENGTH OF GEOPOLYMER MORTAR FROM FLY ASH
CONTAINING DIATOMITE, PERLITE, AND NATURAL ZEOLITE.
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Currently, Portland cement is the one generally used for construction and
building. However, the process of producing Portland cement has also resulted in
environmental problems and the release of a large amount of green house gases to
the order of approximately 13,500 million tons annually. Moreover, the raw materials
to produce it are also limited. Therefore, the effort now focuses on how to replace
constituent parts of Portland cement with by-products or natural materials. Recently,
a new cementitious material called geopolymer has been developed which may
do away with the use of Portland cement as binder.

This geopolymer was synthesized from silicon and aluminum activated with
a high alkaline solution and developed using heat. It has a similar strength to cement.
One of the most widely used cementitious materials is fly ash. However, Instead of
fly ash, other materials such as diatomite, perlite, and natural zeolite can also be used
as source materials for geopolymer because they are similarly rich in silicon and
aluminum. Thus, the objective of this research was to study the effect
of diatomite, perlite, and natural zeolite on the workability and compressive strength

of geopolymer mortar if when used to replace fly ash.



The results revealed that the mixture having Na,SiO3s/NaOH of 1.5-2.5, 15M
of NaOH concentration, and 75°C of curing temperature, showed a high compressive
strength which ranged between 234-939 ksc. Additionally, the compressive strength
of geopolymer mortar obviously increased at the early age. However, at the later age,
it slightly increased or did not increase at all for some mixtures. Furthermore,
the replacement of diatomite, perlite, and natural zeolite at the rate of 60% by weight

of binder was well-suited for both compressive strength and workability.
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CAH
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Ca(OH),
cm’/ g

DE

DTA
EPA

FA
FA100
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FANZS80

FANZ100

ksc
kg/m3
LOI
L/B

MPa

NaOH
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American Society for Testing Material
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Ca0 C 60 - 67 0.57
Sio, S 17-25 71.01
ALO, A 3-8 16.07
Fe,0, F 0.5-6.0 0.71
MgO M 0.1-4.0 0.40
Na,O N 0.1-18 0.92
K,0 K 0.1-18 5.57
SO, S 0.5-3.0 -
FeO Fe - 0.71
H,O (comb) - - 3.57
2
fsdsznovou o - 0.5-3.0 -
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A | o T A < 4 1 =3
AEAUYHADUAIAI0Y UAMMUVININNIATTIUURITUN (Moh’s scale) TEHIN55 DI 7.0
ANNNONTUNIZTZHIN 2.3 D9 2.8 IANABUAITZHIN 760 D9 1,300°C uazdimaatinis

WNINLEI0YTZ NI 1.490 D4 1.610
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AT NN 2.8 ﬂ”lil;lldﬁﬂﬂlﬂﬂﬂﬂmﬁuﬂ@m@ﬂﬂf’JUﬂiﬁﬂWﬁ‘JJﬂ”JEJLWﬂilla@]ﬂ'U']Jjugﬁmu@]NfﬁJ

HUUTITUAN (f?”lﬁﬂmﬁams'uazﬁuﬂmu, aaullaﬁ, 2546)

Air dry unit volume Thermal conductivity
Type o
weight (kg/1) (Kcal/mh C)
Aounsanaunes lad 1.20 - 1.60 0.27-0.36
Yuneaunig 2.01 1.24
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273 ¥iaveailelan
e ladaunsainaiuld 2 53 Ao #10'ladaus350A (Natural or Mineral
zeolite) AT FUATIZHAY (Synthetic zeolite) ¥ 1o laduaazaiiail Tnseadrafiuandiasu fiwy
AUFTTURIATNIANT 35 ¥iia dudTeladdunsewauiilszana 100 ¥iia aunsauen
¥iiavosiToladld 2 wiia dail
1. &le'ladMifemuF55umA (Natural or Mineral zeolite) 1sznoudae
Hydrated Alumino Silicates U843 Alkaline 1461 Alkaline-Earth Metals éﬁﬁiﬂqaﬁ‘ﬁﬁi\l%iaﬁ
it fusdanmiy fhae damamiesdediForna Sdnvuzadiovedn
e ladsssumanien]Flueadvnssudl 3 ¥iia fle Clinoptilolite Chabazite 182 Mordenite
veaaMNgIH 0199219 Phillipsite ¥iiave s Toladnid dude (Fands oglued, 2546)
Group 1 : Single 4 - ring
Analcime Na, [(AlO,) , (SiO,),,] . 16H,0
Phillipsitt (K, Na),, [(AlO,),, (SiO,),,] . 20H,0
Laimonte Ca, [(AlO,), (SiO,),] . 16H,O
Group 2 : Single 6 —ring
Erionite (Ca, Mg, K,, Na,), [(AlO,), (SiO,),,] . 27H,0
Group 3 : Double 4 — ring
A(Linde) Na,, [(AlO,),, (SiO,),,] . 27H,0
Group 4 : Double 6 —ring
Chabazite Ca, [(AlO,), (SiO,)] . 13H,0
Group 5 : Complex 4 — 1
Natrolite Na,, [(AlO,) , (SiO,),,] . 16H,0
Group 6 : Complex 5 —1
Mordenite ~ Na, [(AlO,), (SiO,),] . 24H,0
Group 7 : Complex 4 —4 — 1
Clinoptilolite Na,, [(AlO,), (SiO,),,] . 24H,0
Tuanmsssunanunsdleladlszanm 50 wiia uainuloonaszilzine
aoudagaluduiifies o siianiniu 188 Clinoptilolite  Analcime Chabazite Heulandite

9 9
Mordenite Phillipsite Natrolite Stilpite (i01& Gesmondine B3N 9 BUA Gluﬂquﬁ Clinoptilolite

Y H v
18z Mordenite t1iuAnuIn luaun 1
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13190 2.9 ﬂmﬁhﬂﬂﬂl@ﬂ“ﬁiﬂqﬁﬂ‘ﬁuﬂﬂ%‘l ) (IRUYY ’EJQGI,‘L!’NP{, 2546)
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¥09219 1uana
FTo'lod drulszneumanil BRI SizAl .
nTuiiwes)
Analcime Na.AlO,.28i0,.H,0 1.7-2.9 0.26
Chabazite 2Ca.4AlO,.88i0,.13H,0 1.4-3.0 0.31x0.44
Clinoptilotite Na/K.AlO,.58i0,.H,0 4.0-5.1 0.31x0.79
Erionite Ca/Mg/2Na/2K 2Al0,.6Si0,.6H,0 2.2 0.76
Laumkotite Ca.2Al0,.4Si0,.4H,0 1.8-2.6 0.46x0.63
Mordentite Na.AlO,.58i0,.3H,0 4.4-53 0.67x0.70
Phiplippisite K/Na.AlO,.28i0,.H,0 1.3-3.0 0.28x0.48
Stellerite Ca.2Al0,.78i0,.7H,0 2.8-4.4 0.48x0.59
2. FTe'ladninaanmsdunsizriniaunil (Synthetic zeolite) HA9INNITIN

aan a g ] { %’ 4
Uffsenvaneen ladae 4 u ALO, Si0, Na,0 wuaz K,0 lusznuifiiunieldla

a o 4 =
AR

=

caa ¥ = o p o Ya YIL 1a .
mmmawia"la@mumwaﬂ Llagfﬂiﬁ\iLﬂﬁ%‘ﬁ"(?Hiﬂiﬂ“lflﬂ‘ﬁ'!,ﬂﬂ"lﬂﬂ\‘lumﬂuﬁ]a (Gelatin)

< o ! < '
wmzﬂugw;u (Porous) nazanyuznadetiang e (Sandlike) 14uA Zeolite A Zeolite Y

Zeolite F Zeolite M ﬁJuﬁ’u

A ~ A s A s
AT NN 2.10L!ﬁﬂ\‘]ﬂ”ﬁllﬁﬂﬂﬁﬂEJTJ?(T?TJﬁ%ﬂﬂ?JGIJﬂQGHIﬂ]la@ (llﬂiﬂ'W DUNTLEIN, 2550)

fslsznou NZ (%) SZ (%)
Sio, 71.75 61 D3 67
Al O, 13.19 11 D9 124
Fe, O, 2.20 43 49 6.98
CaO 0.11 225 14 3.24
MgO 0.40 1.54 99 1.64
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Results
Describtion
Test No.1 Test No.2 Test No.3
Initial flask reading, ml 0.80 1.00 0.80
Initial kerosene temperature, "C 28.00 28.00 28.00
Initial weight of sample & pan, g 147.13 145.21 147.00
Final flask reading, ml 21.30 22.20 22.20
Final kerosene temperature, "C 28.00 28.00 28.00
Final weight of sample & pan, g 98.84 96.23 97.73
Weight of sample used, (W) g 48.29 48.98 49.27
Volume displaced, (V) ml 20.50 21.20 21.40
Density of water at temperature, (R) g/cm3 0.9963 0.9963 0.9963
Specific gravity, S.=W /(V_*R) 2.364 2.319 2311
Average specific gravity 2.33
Gﬂi"l\i‘ﬁ n.2 waﬂmnﬂﬁaummmﬁaaﬁwswwmmma%llaﬁ
Results
Describtion
Test No.1 Test No.2 Test No.3

Initial flask reading, ml 0.40 0.80 0.60
Initial kerosene temperature, "C 22.00 22.00 22.00
Initial weight of sample & pan, g 140.00 140.00 140.00
Final flask reading, ml 23.00 23.10 23.30
Final kerosene temperature, "C 22.00 22.00 22.00
Final weight of sample & pan, g 86.45 86.13 86.16
Weight of sample used, (W) g 53.55 53.87 53.84
Volume displaced, (V) ml 22.60 22.30 22.70
Density of water at temperature, (R) g/cm3 0.9978 0.9978 0.9978
Specific gravity, S;=W _/(V_*R) 2.375 2.421 2.377
Average specific gravity 2.39
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Results
Describtion
Test No.1 Test No.2 Test No.3
Initial flask reading, ml 0.70 0.35 0.50
Initial kerosene temperature, "C 25.00 25.00 25.00
Initial weight of sample & pan, g 200.00 200.00 200.00
Final flask reading, ml 22.20 22.30 22.10
Final kerosene temperature, "C 25.00 25.00 25.00
Final weight of sample & pan, g 150.40 150.50 151.50
Weight of sample used, (W) g 49.60 49.50 48.50
Volume displaced, (V) ml 21.50 21.95 21.60
Density of water at temperature, (R) g/cm3 0.9965 0.9965 0.9965
Specific gravity, S.=W /(V_*R) 2315 2.263 2.253
Average specific gravity 2.28
Gﬂi"l\iﬁ n.4 Naﬂ”li‘ﬂﬂﬁ’f)ﬂf"hﬂ’ﬂllE]I’N"S"ILW"I%GIJ?NLEQ{"IQ’OEJ
Results
Describtion
Test No.1 Test No.2 Test No.3

Initial flask reading, ml 0.50 0.50 0.40
Initial kerosene temperature, "C 25.00 25.00 25.00
Initial weight of sample & pan, g 200.00 200.00 200.00
Final flask reading, ml 21.20 21.00 22.30
Final kerosene temperature, "C 25.00 25.00 25.00
Final weight of sample & pan, g 150.20 150.60 147.50
Weight of sample used, (W) g 49.80 49.40 52.50
Volume displaced, (V) ml 20.70 20.50 21.90
Density of water at temperature, (R) g/cm3 0.9965 0.9965 0.9965
Specific gravity, S;=W _/(V_*R) 2.414 2418 2.406
Average specific gravity 2.41
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Results
Describtion
Test No.1 Test No.2 Test No.3
Weight of sand (saturat) (B), g 502.50 500.00 501.15
Weight of flask + sand + water (C), g 973.19 971.43 970.95
Weight of bowl, g 337.19 337.19 337.20
Weight of bowl + dry sand, g 829.59 827.23 828.32
weight of dry sand (A), g 492.40 490.04 491.12
Weight of flask + water (D), g 663.25 663.44 662.68
Bulk specific gravity, A/(B+D-C) 2.557 2.552 2.546
Bulk specific gravity (SSD), B/(B+D-C) 2.610 2.604 2.598
Apparent specific gravity, A/(D+A-C) 2.699 2.692 2.686
Percent absorption (%), (B-A)*100/A 2.051 2.032 2.042
Average bulk specific gravity 2.55
Average bulk specific gravity (SSD) 2.60
Average apparent specific gravity 2.69
Average absorption (%) 2.04
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Results
Describtion

Test No.1 Test No.2 Test No.3
Weight of measuring cylinder, T (kg) 2.78 2.78 2.78
Weight of cylinder and water, (kg) 5.48 5.49 5.48
Weight of water, (kg) 2.70 2.72 2.70
High of measuring cylinder, (m) 0.15 0.15 0.15
Diameter of measuring cylinder, (m) 0.15 0.15 0.15
Volume of measuring cylinder, V (m3) 0.00265 0.00265 0.00265
Volume of water, W (m3) 1,018.59 1,025.38 1,018.59
Weight of cylinder + sample, G (kg) 4.12 4.06 4.06
Weight of sample alone, (kg) 1.34 1.28 1.28
Unit weight of sample, M=(G-T)/V (kg/m3) 505.52 482.89 482.89
Average unit weight of sample, (kg/ m’) 490.43
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Results
Describtion

Test No.1 Test No.2 Test No.3
Weight of measuring cylinder, T (kg) 2.78 2.78 2.78
Weight of cylinder and water, (kg) 5.48 5.49 5.48
Weight of water, (kg) 2.70 2.72 2.70
High of measuring cylinder, (m) 0.15 0.15 0.15
Diameter of measuring cylinder, (m) 0.15 0.15 0.15
Volume of measuring cylinder, V (m3) 0.00265 0.00265 0.00265
Volume of water, W (mz) 1,018.59 1,025.38 1,018.59
Weight of cylinder + sample, G (kg) 4.95 4.97 4.94
Weight of sample alone, (kg) 2.17 2.19 2.16
Unit weight of sample, M=(G-T)/V (kg/m3) 818.65 826.19 814.87
Average unit weight of sample, (kg/ m3) 819.90




{ v [] %’ 9 4 a
A15197 1.8 Wafni‘ﬂﬂﬁ’t]‘Uﬂ1ﬁu3&u1ﬁuﬂﬂl@ﬂ%jﬂqﬁﬂ‘ﬁ353J‘]5WI

134

Results
Describtion

Test No.1 Test No.2 Test No.3
Weight of measuring cylinder, T (kg) 2.78 2.78 2.78
Weight of cylinder and water, (kg) 5.48 5.49 5.48
Weight of water, (kg) 2.70 2.72 2.70
High of measuring cylinder, (m) 0.15 0.15 0.15
Diameter of measuring cylinder, (m) 0.15 0.15 0.15
Volume of measuring cylinder, V (m3) 0.00265 0.00265 0.00265
Volume of water, W (m3) 1,018.59 1,025.38 1,018.59
Weight of cylinder + sample, G (kg) 3.95 3.94 3.95
Weight of sample alone, (kg) 1.17 1.16 1.17
Unit weight of sample, M=(G-T)/V (kg/m3) 441.39 437.62 441.39
Average unit weight of sample, (kg/ m’) 440.13
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Results
Describtion

Test No.1 Test No.2 Test No.3
Weight of measuring cylinder, T (kg) 2.78 2.78 2.78
Weight of cylinder and water, (kg) 5.48 5.49 5.48
Weight of water, (kg) 2.70 2.70 2.70
High of measuring cylinder, (m) 0.15 0.15 0.15
Diameter of measuring cylinder, (m) 0.15 0.15 0.15
Volume of measuring cylinder, V (m3) 0.00265 0.00265 0.00265
Volume of water, W (mz) 1,018.59 1,018.59 1,018.59
Weight of cylinder + sample, G (kg) 5.36 5.35 5.37
Weight of sample alone, (kg) 2.58 2.57 2.59
Unit weight of sample, M=(G-T)/V (kg/m3) 973.32 969.55 977.09
Average unit weight of sample, (kg/ m3) 973.32
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Results
Describtion

Test No.1 Test No.2 Test No.3
Weight of measuring cylinder, T (kg) 2.78 2.78 2.78
Weight of cylinder and water, (kg) 5.48 5.48 5.48
Weight of water, (kg) 2.70 2.70 2.70
High of measuring cylinder, (m) 0.15 0.15 0.15
Diameter of measuring cylinder, (m) 0.15 0.15 0.15
Volume of measuring cylinder, V (m3) 0.00265 0.00265 0.00265
Volume of water, W (m3) 1,018.59 1,018.59 1,018.59
Weight of cylinder + sample, G (kg) 7.10 7.06 7.10
Weight of sample alone, (kg) 432 4.28 432
Unit weight of sample, M=(G-T)/V (kg/m3) 1,629.75 1,614.66 1,629.75
Average unit weight of sample, (kg/ m’) 1,624.72
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Setting times (min)

Symbol
Initial Final
FA100 25 47
FADEG60 115 132
FADES0 183 217
FADE100 270 349
FAPL60 55 93
FAPLS80 65 112
FAPL100 105 158
FANZ60 142 169
FANZS80 178 213
FANZ100 357 449
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Flow (%)

Symbol Na,Si0,/NaOH ratios
0.5 1.0 1.5 2.0 2.5
FA100 0 5 35 60 67
FADE60 28 51 61 35 29
FADES0 98 94 86 71 65
FADE100 83 75 72 62 59
FAPL60 5 8 42 53 51
FAPLS0 29 42 57 58 56
FAPL100 41 47 59 70 65
FANZ60 21 43 46 52 38
FANZ80 28 47 46 60 47
FANZ100 86 80 69 64 60
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Flow (%)
Symbol Liquid alkaline/binder ratios

0.40 0.50 0.60 0.70

FA100 2 35 53 85
FADEG60 4 61 82 109
FADES0 9 86 108 117
FADE100 16 72 96 126
FAPL60 18 42 80 99
FAPLS80 34 57 89 101
FAPL100 48 59 81 108
FANZ60 8 46 73 97
FANZS0 9 58 84 105
FANZ100 22 83 96 113
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Flow (%)
Symbol NaOH concentration (Molar)

5 10 15 20

FA100 84 48 35 0
FADEG60 89 76 61 13
FADESO 126 105 86 25
FADE100 115 89 72 36
FAPL60 104 81 42 12
FAPL&0 110 87 51 20
FAPL100 125 92 57 22
FANZ60 87 59 46 27
FANZ80 95 79 58 33
FANZ100 114 90 86 38
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Flow (%)
Symbol Addition water/binder ratios
0 0.03 0.06 0.09 0.12 0.15
FA100 35 45 43 35 22 10
FADEG60 61 62 72 97 112 128
FADER0 86 94 110 117 123 135
FADE100 72 80 96 111 114 134
FAPL60 42 71 97 105 120 128
FAPLS80 57 78 107 112 125 136
FAPL100 59 84 112 133 141 148
FANZ60 46 67 85 126 142 146
FANZ80 58 70 86 107 129 135
FANZ100 86 91 102 104 117 131
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Unit weight (kg/m3)
Symbol Na,Si0,/NaOH ratios
0.5 1.0 1.5 2.0 2.5

FA100 2,232 2,244 2,270 2,264 2,256
FADE60 2,173 2,227 2,234 2,238 2,237
FADES0 2,088 2,198 2,163 2,172 2,172
FADE100 2,108 2,105 2,115 2,120 2,127
FAPL60 2,210 2,241 2,261 2,258 2,245
FAPLS0 2,171 2,225 2,243 2,202 2,209
FAPL100 2,152 2,167 2,195 2,179 2,177
FANZ60 2,128 2,178 2,118 2,067 2,076
FANZ80 2,070 2,074 2,081 2,056 2,013
FANZ100 2,030 2,059 2,022 2,003 1,963
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Unit weight (kg/m3)

Symbol Liquid alkaline/binder ratios
0.40 0.50 0.60 0.70
FA100 2,283 2,270 2,267 2,175
FADEG60 2,269 2,234 2,150 2,144
FADES0 2,183 2,163 2,104 2,038
FADE100 2,107 2,115 2,015 1,994
FAPL60 2,291 2,261 2,228 2,194
FAPLS80 2,269 2,243 2,200 2,178
FAPL100 2,211 2,195 2,201 2,171
FANZ60 2,235 2,118 2,134 2,153
FANZS80 2,112 2,081 2,044 2,065
FANZ100 1,945 2,022 2,011 2,015
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Unit weight (kg/m3)
Symbol Curing temperature (OC)
60 75 90

FA100 2,300 2,270 2,266
FADE60 2,239 2,234 2,232
FADESO 2,237 2,163 2,099
FADE100 2,126 2,115 2,097
FAPL60 2,268 2,261 2,247
FAPL&0 2,261 2,243 2,240
FAPL100 2,222 2,195 2,192
FANZ60 2,186 2,118 2,131
FANZ80 2,077 2,081 2,133
FANZ100 2,073 2,022 2,071
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Unit weight (kg/m3)
Symbol NaOH concentration (Molar)
5 10 15 20

FA100 2,186 2,202 2,270 2,351
FADE60 2,098 2,127 2,234 2,265
FADESO 2,020 2,107 2,163 2,239
FADE100 1,934 2,099 2,115 2,166
FAPL60 2,191 2,193 2,261 2,290
FAPL&0 2,163 2,185 2,243 2,290
FAPL100 2,158 2,176 2,195 2,236
FANZ60 2,134 2,192 2,118 2,238
FANZ80 2,061 2,134 2,081 2,149
FANZ100 1,924 1,949 2,022 2,137
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Unit weight (kg/m3)

Symbol Addition water/binder ratios
0 0.03 0.06 0.09 0.12 0.15
FA100 2,270 2,246 2,236 2,205 2,196 2,130
FADEG60 2,234 2,161 2,177 2,146 2,083 2,043
FADER0 2,163 2,097 2,095 2,085 2,050 2,019
FADE100 2,115 2,080 2,062 2,052 2,036 2,036
FAPL60 2,261 2,251 2,233 2,181 2,160 2,117
FAPLS0 2,243 2,239 2,230 2,182 2,167 2,102
FAPL100 2,195 2,231 2,184 2,180 2,154 2,095
FANZ60 2,118 2,231 2,134 2,058 2,096 2,099
FANZS80 2,081 2,124 2,032 1,987 2,020 1,996
FANZ100 2,022 1,991 1,946 1,915 1,978 1,941
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Unit weight (kg/m3)
Symbol Curing time (days)
7 14 28

FA100 2,270 2,243 2,238
FADE60 2,234 2,174 2,180
FADESO 2,163 2,141 2,139
FADE100 2,115 2,104 2,098
FAPL60 2,261 2,245 2,241
FAPL&0 2,243 2,239 2,251
FAPL100 2,195 2,222 2,233
FANZ60 2,118 2,098 2,095
FANZ80 2,081 2,034 1,999
FANZ100 2,022 1,995 1,978
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Compressive strength (ksc)

Symbol Na,Si0,/NaOH ratios
0.5 1.0 1.5 2.0 2.5
FA100 522 768 810 939 755
FADE60 252 265 424 468 474
FADESO 102 180 299 353 358
FADE100 15 92 223 240 281
FAPL60 194 295 513 589 605
FAPL&0 185 232 325 362 404
FAPL100 64 92 108 98 113
FANZ60 254 440 577 632 456
FANZ80 145 246 240 343 282
FANZ100 61 48 45 97 86
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Compressive strength (ksc)

Symbol Liquid alkaline/binder ratios

0.40 0.50 0.60 0.70

FA100 801 810 655 435
FADEG60 419 424 284 220
FADES0 243 299 166 109

FADE100 235 223 84 22
FAPL60 524 513 353 262
FAPLS80 327 325 281 206
FAPL100 103 108 95 103
FANZ60 414 577 520 408
FANZS0 285 240 245 229

FANZ100 47 45 34 23
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Compressive strength (ksc)

Symbol Curing temperature (°C)
60 75 90
FA100 705 810 841
FADE60 301 424 357
FADESO 269 299 283
FADE100 199 223 215
FAPL60 326 513 430
FAPL&0 233 325 258
FAPL100 80 108 219
FANZ60 349 577 417
FANZ80 200 240 234
FANZ100 23 45 67




150

Y J

{ ' o v w a 14 @
A1519N V.15 HAMINATOUAINAITAVDID 1o INawesuesA1s 1InMsusiuau

9 9 = J
anuutuvesTxdenlaason lasa

Compressive strength (ksc)
Symbol NaOH concentration (Molar)

5 10 15 20
FA100 515 677 810 709
FADE60 267 342 424 340
FADESO 232 244 299 263
FADE100 145 198 223 222
FAPL60 396 432 513 430
FAPL&0 227 286 325 200
FAPL100 47 85 108 99
FANZ60 292 504 577 643
FANZ80 168 222 240 331
FANZ100 43 47 45 51
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Compressive strength (ksc)

Symbol Addition water/binder ratios

0 0.03 0.06 0.09 0.12 0.15

FA100 810 742 664 555 419 339
FADEG60 424 294 337 296 215 202
FADER0 299 240 198 188 171 146
FADE100 223 184 154 131 129 94
FAPL60 513 403 420 360 306 287
FAPLS80 325 253 227 224 219 181
FAPL100 108 102 77 72 71 69
FANZ60 577 445 396 391 349 261
FANZS80 240 213 195 142 135 122
FANZ100 45 26 36 27 15 19
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Compressive strength (ksc)
Symbol Curing time (days)

7 14 28

FA100 810 834 811
FADE60 424 427 474
FADESO 299 322 404
FADE100 223 236 289
FAPL60 513 534 551
FAPL&0 325 340 352
FAPL100 108 114 140
FANZ60 577 588 604
FANZ80 240 233 264
FANZ100 45 61 92
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Modulus of Elasticity (ksc)
Symbol Curing time (days)
7 14 28
FA100 275,862 290,323 303,571
FADE60 110,521 130,749 142,598
FADERSO 63,013 66,793 78,947
FADE100 25,860 31,508 33,482
FAPL60 200,000 211,268 214,286
FAPL80 87,500 92,920 108,247
FAPL100 38,961 51,724 55,556
FANZ60 206,897 216,867 226,744
FANZ80 67,568 68,966 74,257
FANZ100 16,667 17,442 18,987
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A study of compressive strength of geopolymer mortar from natural zeolite
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ABSTRACT : In this research, a study of compressive strength of geopolymer mortar used the natural zeolite to replaced fly
ash at 0, 60, 80 and 100% by weight. Sodium silicate and sodium hydroxide were used as liquid alkaline for the mixture and
heat curing was used to activate the geopolymerzation. This study was the concentration of sodium hydroxide as 5. 10, 15 and
20 molar and various factors which influence to 7 day compressive strength. Veried the sodium silicate to sodium hydroxide
ratio, the liquid alkaline to binder and the curing temperature in oven.

The results revealed at the sodium silicate to sodium hydroxide ratio of 1.5 with the concentration of sodium hydroxide
solution at 15 molar, curing temperature in oven at 90°C for 24 hours provided the highest compressive strength. The results
also showed that the replaced at 60% by weight provided the good trend in compressive strength and flow of geopolymer mortar

suitable for imprementation.

KEYWORDS : Geopolymer. Geopolymerzation, Natural zeolite, Fly ash, Compressive strength
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Workability and Compressive Strength of Geopolymer Mortar

from Fly Ash Containing Diatomite

1 )

Tanakorn Phoo—ngernkham’J and Theerawat Sinsiri >

Abstract

This article presented workability and compressive strength of fly ash based of geopolymer mortar
containing diatomite as binder replacement at the rates of 0, 60, 80, and 100% by weight. Sodium silicate
(Na,Si0,) and sodium hydroxide (NaOH) solutions were mixed together and then used as a liquid portion in
the mixture in order to activate the geopolymerization. The ratios between Na,SiO, and NaOH were varied,
namesly, 0.5, 1.0, 1.5, 2.0, and 2.5 by weight whereas the ratios between liquid binder of 0.40, 0.50, 0.60, and
0.70 by weight were varied. The additional water was added to improve the workability of fresh geopolymer
mortar. The ratios between additional water and binder were varied, that is to say, 0, 3, 6, 9, 12, and 15%
by weight. In additional, the NaOH concentration of 5M, 10M, 15M, and 20M were also used as variables.
Each mixture was separated and cured in the oven at the temperature of 60°C, 75°C, and 90°C for 24 h.
Flowability of all fresh geopolymer mortars were investigated and the compressive strength test was applied at
the ages of 7, 14, and 28 days.

The results revealed that the mixture having Na,SiO,/NaOH of 1.5-2.5, 15M of NaOH concentration,
and 75°C of curing temperature showed compressive strength between 223-939 ksc which high enough for
using as normal strength concrete. Moreover, additional water could improve the workability of fresh
geopolymer mortar, however, the compressive strength reduction could be observed. Additionally,
the compressive strength of geopolymer mortar increased obviously at early age, however, at the later age
it was slightly increased for some mixtures. Furthermore, the replacement of diatomite at the rate of 60 and
80% by weight were well suited for both compressive strength and workability.

KEYWORDS : Geopolymer, Workability, Flow test, Compressive strength, Diatomite

"Graduate student, School of Civil engineering, Institute of Engineering, Suranaree University of Technology,
Nakhonratchasima 30000. Email : tp_civil@hotmail.com

“assistant Professor, School of Civil engineering, Institute of Engineering, Suranaree University of Technology,
Nakhonratchasima 30000. Email : sinsiri@g.sut.ac.th

’ Corresponding Author




165

I w

posaransnnauifuasindidnre@lamdwe fuafifarniiassnanlnacnanlast 13

1. uni

alaTwaiuef (Davidovits J.1982) ifhuianden
UrzanuilFFuaruaulalunsimunduun ey
nidanluddrufunaununisldyudinud

o

(Davidovits J.,1994) anaiiiasannluaniarilagiiy

£
= 8 e 2 e

Jaadu legidasianaduingaui ldudn 8nvi

[l
'

denansznusadurnden U udnanIsuIUNIHAR
naanaulnssdiaidesnnslifidnunus Aty 914
mmﬁuﬂuﬁﬁ@dlﬁmﬁﬁ@mﬂuﬂ’ﬁﬁmﬂmﬂ%u Tne
nsldfanfivaelditatanauarsuanfivn linaunu
Yuiwslafnuausd

alalndues (geopolymer)  ilunisWriunans

Fuudataludn il udmudidudolszaiu

gunsndepszildaningaviiidaudsznay
Fann (silica,SI0,) wazagiun (alumina, ALO,)
asAlrzney Alalndweflindnnissamisindizen
28398801 uazegiin liduluanagnltludnenizaes

nawaf lnansnszfufaansazananiinouidusing

o

g9 winldannfeuduinalfiten THanswwind
st lunsfuusld dnhudTalnaniefRsansa
iflufanideudszaruduidsafududinad
dwsuTandeatsanufifonldiuetnaunsumeldun
A (fly ash) (Hardjito D., 2004, Bakharev T.,
2006 warifFayeayn, 2004) urvnuziAnanudaildan
Uaslsarudnnangaiaiilguandfduiiaaty
winaae (fly ash) wiu @laladl (zeolite) lnazmauluy
(diatomite) twaslaw (perlite)  Liludiy fﬁuﬂur‘mﬂ
Uealaaussangng

Tnazaay (diatom) luRdgagifeasnad@nuin
St danlsznuiu ueriiagansadatin 4
wnssfiaendanszuainianall Saunadsus 2 fe
2,000 micron wuluuugsialanisludrdauas
Hdn dlelrermenneadeniidudanazanily
A NEUETANTUS UL AN AUURLNZ LavEa Y
nzaany ko lufigananadulaeznenla vieden

Anatinaniladn Ul (diatomaceous earth) 1WszH

dnrnziluAuiitinanainlnezaexluwmasaznes
Wuduge wn iengu Sdnsuzadoredn Hlj3en
Fast lnezmadluiiazildnemizsne fu muusete
1aelpaznan wiRwuwiialnaznan i (diatomite)
ufiunzneusiinuileiilnnauifidlnseaaid
s Tennuulsizannndndiuialyl (Chaisena
A., 2004 wazysdng, 2004) unasauun ludszmdlng
nuag ludandnandas lngazwuiduunaaanlug
nszdpnszarsegifluFamndraluigdeanie uazues
wan IndiAes (nsuminensssal, 2003)
%ammwu‘iﬁ’ﬂﬁﬁhumwudWﬂ'li'l.ﬁ’l,ﬁ'ﬂ@ﬂﬂLﬂuiﬂ@
sl nawe fiuisrarnannefafsanie
danaliinugnunsoninauléien safuemAdeiite
agqﬂE:Lﬁuﬁms-ﬂi"uﬂa;q@mﬂuﬂ'ﬁmmmmmmm
inldredlenawes Snienndedanemnzun

st ld e uwle Treanndnwizaeslaeznanluy

= ]
o ™ = e
o

AU ARNTUGY AdRsneinUfizenTIE

5
&

AshfazdfulpeananifnselsziAuilaf 8nvs

s anvatminasld

as

2. dnpiszasA

'
<4

WaAnefeaauatunsanieuliuaznisiy
nndsdnradalaindwaiuesing Weltlaaznanlusd

Wudanaadu Tnedrazifludaimeninaesalaing

wasuafing

3. NMSLAFANIRALAENSNARAL

3.1 Faanltlunsvagay

3.1.1 lpezpanluy (DE) ananalefAnnes-
Aasd FeuTfaanyd Taadauniunfiguund
800 auAsaiFua e 6 daliu tieldanauan
saaloazmanluifinisuandafisay (Lertkhositpong
T. etal, 2009)

3.1.2 @aey (FA) anlseliiusing Smda

ag




166

= a

14 sung nRWdN ua Bsiand BuRS

w

3.1.3 arsazarslnidundame (Na,Sio,) EN
Usznausag Na,0 = 15.32%, S0, = 32.87% uaztin
=51.81% laetiwdn uasd pH = 9.05 nenadeuing
el riiined

3.1.4 arazareimaeylansenlas (NaoH) 1

dnaduiusviiazanalwldpududuisfaanis

3.2 frdiunanvadalalnainasuasing
dndounantasdlainfinefuafsfl4
nazmeslfunuiiludaesienas 0, 60, 80 uax
100 Tneidawin ldnsdiusiadanlszarwminiy
1.50 ?:ammﬁalﬁﬁfmﬂﬂmﬂﬁqriﬂuﬂmﬁ'-qﬂﬁﬁ"i‘m
Fraenamiaiy 1 alug uaziannialiTentes
Fratinawiniu 24 dala nnamsdunan Tneniong
LU UAINNANTEN LA fiiuasanamatnng

o o

Mnulinaznndadnredaleinamaiuasfinida

le

&

3.2.1 Series A : wilsfuniudnsdouiagsinuin
994 Na,Si0,/NaOH Wil 0.5, 1.0, 1.5, 2.0 uaz 2.5
naltaudndureslamanlansanlasiinty 15

-

Tuanf  gouuninisifaljizeredaatinaviniu 75
pIANTATEE UaTNAELRNEIEATITYEZI9a NS
winru 7 Ju

3.2.2 Series B : wsfumudnadaulagsiauin
7194 Liquid alkaline/binder i1y 0.40, 0.50, 0.60
usz 070 el udnduaeslnfanlansanlesd
Winfu 15 Tuanf dasndoulnatiudnues
Na,SiO,/NaOH iy 1.5 gruugiinisisalfjizenaes
Faatnawiniu 75 asrnaaded waznadauindedad
TEHULAMTLUYINL 7 U

3.2.3 Series  C : wilsdumuaudnd U1
asazanselndanlansenlds (NaOH) winriu 5,10,15
wax 20 Tuand Taeldsnsrdaulnatiininyas
Na,SiO,/NaOH iy 1.5 gruugiiniaisaljizaiaes
ety 75 asAgaldea wasnadauiaesn

Nazaziaannisduwiniy 7 41

3.0.4 Series D - wilsfupugnsndounisiiiy
ﬂ?mmfiwiﬂﬁ’ﬂ@ﬂﬁ':mumﬁﬁﬂﬂﬂ: 0,369 12
uaz 15 Taaldanuidudureslnfanlansenlas
Fnsrdaulnatiiminyes

wiadu 15 Tuand

Na,SiO /NaOH winfiu 1.5 gauugniinisisaljizennes

1 e or e

2L 75 aemalded LATNAREUNIAIEA

ol

fsveiziaannistiwind 7 Su

3.2.5 Series £ : uilsdumingaungiinisids
Uf3en109s90t19 N 60, 75 WAL 90 B9AN-
wadad laaldmududureslanenlansen’lad
Fnsndaulaeiininaes

windu 15 Twand

Na,SiO/NaOH w1iu 1.5 uarnaaaunidedn
fsveiziaannnatiuwindiu 7 Su

3.2.6 Series  F : utlsdumuszazioainisa
Aaenalaindwmesuesifivintu 7, 14 uaz 28

3.2.7 Series G : WTHuAINARIIAIUUEY Si/Al
(S/A) Winfiu 1.67, 3.21, 4.24 uaz 5.93 AUAIAL Lag
Manudnduresladenlansenlafivini 15 luanf
samdaulagiminges Na,SiO,/NaOH iy 1.5

'
o as o=l

LAZYARELNAIB AN TZEZ0a N1 TU LN AL 7 T3

3.3 AGnANuALAFaUAlIad19AlalnAlNasNas
ANg

3.3.1 mauanin lugumaivieediAsznd 25
84 45 aATalEna e lFdenndesiuanniplsyne
el

3.3.2 fumaunisuanGuiudonngnindd
sznddanUszasiunaeidiug Ussunu 1w
wisantuinarsazaneladenisinauas
lareulansanlas @iaudonauaniszanns 10 uh

3.3.3 nagauAn1sluaudaasdlelindinas-
nafeing manmRsgIu ASTM C1437

3.3.4 nadauAMaeTuLTEnTedalainamei-
uaffrfmunmsge ASTM C109 flangnasis
Wiy 7, 14 waz 28 du leglduuuanAias aunm

50x50x50 mm. waasnatndale indwaiuaisng
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Anadansanuliuasindsdnrasaladwe fuafinfanidasunanlaaznanlud 15
AN5T 1 BATIATuNaNTaA e InAme TuafFnF A9 3 AANLTAN NAENTNIBITARLTZE 11
. Mix Proportion (g.) Physical properties DE FA Sand
MR Binder  Sand Na,Sio, NaOH Specific gravity 2.33 2.41 269
M-DE-0.5 400 600 66.67 133.33 Bulk density (kg/m”) 490 973 1,625
M-DE-1.0 400 600 100.00 100.00 Median Particle Size (Lm) ~ 18.29  17.60 .
M-DE-1.5 400 600 120.00 80.00 ‘
M-DE-2.0 400 600 133.33 66.67 AMNATN 3 WUIIATAIITHTES URNIZUAZAN
M-DE-25 400 600  142.86  57.14 Auuuiuredlnaznanluy Ay 2.33 uaz

. ) 490 N/’ mamANAL e Bau@suiuinassues
e M AsAranududusedafealansanled uaz G5 - D
- , - S 1978 FTalAIANnR W E ANl T sl 3.32%
0.5, 1.0, 1.5, 2.0, 2.5 ApgRrdauszudnansazaialniFauda

T — UAZ 13.38% ANNANAL UAZHAIAHULILULAINGN

13e711 49.64% WA 69.85% ANUAIAL

4. Nﬁﬂﬁ‘iﬂﬂﬁ@ﬂuﬂﬁatﬂﬁﬁ:ﬁﬂﬂ

& :.,
4.1 HANTNAADUAMANUIANUFIVUBIIAA

= - o = o
R1971490 2 844 ﬂﬁ‘;‘fﬂﬂﬂwﬂﬂ W’]JLPTNTI@Q???E:?H?‘:S.W Y

Chemicals DE (%) FA (%)
SiO, 59.30 43.87
ALO, 10.00 26.33
Fe,0, 18.50 10.81
Ca0 1.20 12.69
S0, 0.02 274

LOI 8.10 1.23

anm3ad 2 nudnleezaenluifiasdlsenay
A Si0,+Al0,+Fe,0,=87.80%4ndullarlaa
Class N MINNIATIUASTM C618 (2001) 4
nuualdarsdsznauudnfesiiAnninndn 70% uaz
[ulAaafufudiaeafifiesdlsznauniaadl
Si0,+Al,0,+Fe,0,=81.01% luilealeau Class F

ATNHINTFIU ASTM C618 (2001)

dndauresdaniseagiuisedlnesaenluiviniy
5.93 uardndurasianideagiiuireudisesviniu s B s
= gﬂ‘ﬂ 2 INWNNE SEM 1edinnang
1.67 neAdeNanIznuIesdrdiuTanisiaagiln
Fan1aednssalanfmafinasiiiainidiunau-

1 ¥ = = 4

wWaanldwasdnduiiu (Fusdnm uazanz, 2008)
wudndndauresdanseegiininaderiindsdnges

o g

Jag AuiulnoauyAguidesdueesuddeiidadou
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fung Hudn uas SeTeil AuAs

A5199 4 wanasaudiaulsdungnIsLN

Compressive strength (ksc)

MA157199 6

Uijiaen

wanasavilaullsdugningdnasiss

Symbol
T days 14 days 28 days
15M-DE100-1.5 222.9 236.4 2892
15M-DE80-1.5 299.3 321.7 404.4
15M-DE60-1.5 4237 427.0 474.2
15M-DEC-1.5 809.7 8344 810.8
A99R 5 nanagaLdantliueRIE
Addition water/binder
Compressive
Unit weight Flow
Symbol strength 7 days
(kg/m’) (%)
(ksc)
15M-DE100-1.5(0%"*) 2115 75 2229
15M-DEBO-1.5(0%) 2163 86 299.3
15M-DEBO-1.5(0%) 2234 61 423.7
15M-DED-1.5(0%) 2270 35 809.7
15M-DE100-1.5(3%) 2080 80 184.0
15M-DEBOD-1.5(3%) 2097 94 2401
15M-DEBO-1.5(3%) 2204 62 279.7
15M-DED-1.5(3%) 2246 45 741.9
15M-DE100-1.5(6%) 2062 96 153.6
15M-DEBO-1.5(6%) 2085 110 197.5
15M-DEBO-1.5(6%) 2177 72 337.2
15M-DED-1.5(6%) 2236 43 664.5
15M-DE100-1.5(9%) 2052 1 130.8
15M-DEBOD-1.5(9%) 2085 117 188.0
15M-DEB0-1.5(9%) 2146 a7 206.5
15M-DED-1.5(9%) 2205 35 554.7
15M-DE100-1.5(12%) 2036 114 129.4
15M-DEB0-1.5(12%) 2050 123 171.4
15M-DEBO-1.5(12%) 2083 112 2153
15M-DED-1.5(12%) 2196 22 419.1
15M-DE100-1.5(15%) 2036 134 94.0
15M-DEBO-1.5(15%) 2019 135 146.2
15M-DEB0-1.5(15%) 2043 128 2022
15M-DED-1.5(15%) 2130 10 338.8

Compressive
Curing temp. Unit weight
Symbol strength 7 days
c) (kg/m®)

(ksc)
15M-DE100-1.5 60 2126 199.3
15M-DEB0-1.5 60 2237 269.2
15M-DEB0-1.5 60 2239 300.8
15M-DED-1.5 60 2300 705.2
15M-DE100-1.5 T4 2115 2229
15M-DEB0-1.5 75 2163 299.3
15M-DEB0-1.5 75 2234 423.7
15M-DED-1.5 75 2270 809.7
15M-DE100-1.5 90 2097 215.0
15M-DEBO-1.5 90 2099 283.2
15M-DEB0-1.5 90 2232 356.9
15M-DED-1.5 90 2266 841.3

AN997 7 wanadaudeullsduaadudy NaOH

Unit weight Flow  Compressive strength
Symbol i
(kg/m®) (%) 7 days (ksc)
5M-DE100-1.5 1934 15 145.5
5M-DEBD-1.5 2020 126 2324
5M-DEB0-1.5 2098 a9 267.3
5M-DED-1.5 2120 84 5746
10M-DE100-1.5 2099 89 198.2
10M-DEBO-1.5 2107 105 24386
10M-DEB0-1.5 2127 51 341.7
10M-DEOD-1.5 2218 48 677.0
15M-DE100-1.5 2115 fii-] 2229
15M-DEBO-1.5 2163 86 289.3
15M-DEB0D-1.5 2234 61 423.7
15M-DED-1.5 2270 35 809.7
20M-DE100-1.5 2166 36 221.7
20M-DE80-1.5 2239 25 262.7
20M-DEB0-1.5 2265 13 3401
20M-DED-1.5 2349 0 706.7
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aruansonnueliuasindidnreRiainfime fuefinfanidnasanan lnaznanlusd 17
AN5197 8 manaasLdaulsEudaTEI 4.2 HANSENULBIAATIEIY Na,SiO,/NaOH
Na,Si0 /NaOH namagauiulsdunndnidou Na,SiO,/NaOH
— Unitweight ~ Flow  Compressive strength WHauanududuaesinfenlansenlad 15 Tuans
yr
{kg/m®) (%) 7 days (ksc) - o LB IoR a7 &
HANITNAADLAY Ll.ﬂﬂilu?ﬂﬂ 3 LAZ 4 WUAIATNIAIBRA
15M-DE100-0.5 2108 83 1456 o
o Gl 1 e =
15M-DEB0-0.5 2088 =7} 101.6 LL‘E‘]KF]’]WN?VINW?ﬂﬂ']\iﬁubLﬁ‘ImﬂﬂuﬂUﬁﬂdqm’ﬂ’ﬂﬂi‘ﬂLﬁ]ﬂu
16M-DEB0-0.5 2173 3 252.3 FanmuaziTununisunuilaeznenluy aenaaas
15M-DE0-0.5 2226 0 522.2 . -
NU9IUIag (Sathonsaowaphak A. et al,2009 waz
15M-DE100-1.0 2105 72 91.8
15M-DE80-1.0 2198 98 179.7 SUINT WazANIz,2010)
15M-DEB0-1.0 2227 51 264.9
1200
15M-DEO-1.0 2287 5 767.7 1100 - - @ - Replaced 100% —#— Replaced 809
ey - - & - Replaced 60% —=— Replaced 0%
15M-DE100-1.5 2115 75 222.9 <
15M-DEBD-1.5 2163 BB 299.3 E
15M-DEG0-1.5 2234 61 423.7 E)
15M-DE0-1.5 2270 s 809.7 g
15M-DE100-2.0 2120 59 240.0 é
15M-DE8D-2.0 2178 65 352.6 E
15M-DEG0-2.0 2238 35 466.2
15M-DED-2.0 2264 60 939.1 e A8 Lo e £
Na,Si04/15M NaOH ratios
15M-DE100-2.5 2127 62 280.6 o . )
5UN 3 wansznuIeIsnIdu Na,Si0 /NaOH
15M-DEB0-2.5 2172 85 358.1 @
15M-DEB0-2.5 2263 29 474.4 ABNIAYER
15M-DEQO-2.5 2324 67 7653

140 O Replaced 100% [Replaced 80% [iReplaced 60% O Replaced 0%

i = o o
M990 9 LANAADLLLBULIFEIUAR AU

Liquid alkaline/binder

Unit weight Flow  Compressive strength ;é
Symbol =
{kg/m®) (%) 7 days (ksc)
15M-DE100-1.5(0.4) 2107 16 235.0
15M-DEB0-1.5(0.4%) 2183 9 2431 ?
i <
15M-DEBD-1.5(0.4) 2269 4 419.4 Ko Z )
15M-DE0-1.5(0.4) 2283 2 800.8 0% ’“: i F::". - .l_"‘_) 25
15M-DE100-1.5(0.5; 2115 75 2229 =i ar ' =
98) gﬂ"ﬂ 4 AANTENLYBNBEATIATL NHQSIOS.JNEIOH
15M-DEB0-1.5(0.5) 2163 86 299.3
15M-DEB0-1.5(0.5) 2234 81 423.7 ﬁaﬂjj\zwﬁ“”
15M-DED-1.5(0.5) 2270 35 809.7 . :
WaRanran e nnaetanazni T MauE Nz du

15M-DE 100-1.5(0.6) 2015 96 84.1 )
15M-DEB0-1.5(0.6) 2104 108 166.0 WUTINEAINEI  Na,SiO/NaOH iy 1.5-2.5
15M-DE-1.5(0.6) 2150 &2 284.3 Fununisunuiiasas 80 uaz 60 AAINNA9ER
15M-DEO-1.5(0.6) 2267 53 655.0 o 75 5 : T

WiNAL 299-474 nn/s’ wazAansluawiiiagu 20-
15M-DE100-1.5(0.7) 1994 126 225 : i i

0, a .

———— s . os 65% uAn1azNANAnAafAId9U Na,Si0,/NaOH
15M-DE60-1.6(0.7) 2144 109 219.5 windu 2.0 Y3unminisunuiiesas 60 HANNG9ERA
15M-DED-1.5(0.7) 2175 85 435.0

Wiy 468 nn/y” wazAngluawyingu 35%
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18 £11n3 QWi uay Tedml BuAT

o

fidmsdau Na,SiO,/NaOH winrfu 0.5 uax 1.0 N3

|
= '

wuisaelnaznanlusivenuaiainasluawsin

A wsen
ﬁwﬁaﬁmﬁfaﬂLﬁ'mﬁﬂuﬁuﬁmﬂdmﬁlu"| daunaunii
FapfnaeiaanudnnnsuanAeudnsenndsualsi
Amslusudiities Snansudenafnfatuunenn
danalilatnasien iledoufudnmdaiun
Remsdon Na,SiO/NaOH iy 2.5 nnsunuil
faelaazmayluiianuaiidinsinausinasinauld
{fiasanniBanomed Na,sio, Funtuinldaunand
Aamilaunniy wirnsdasnRTuiafesnedoy
%"w] LL@:’,ﬁLLu‘]TﬁN@IQ%’uMWNﬂ?N’ImﬂﬂQ Na,Sio, 7
WnTugng dounsunuiidaednaseiasaiAinng
Inausid wisdsdnanasiiafoufudnsdoy

Na,SiO/NaOH Wiy 1.5 aghelsfimunisunuidon

]
o = o =

Wraaavaunafinasudadaiiife (lefiaisunann

ATTUIUNTHAL

4.3 HANTENLURIANGNAIU Liquid alkaline/binder

nanadaLTiLLsiun IR Tda Liquid alkaline
/binder uammmauﬁqmmhgﬂﬁ 5 Uaz 6 Wudn
é’smmwﬂmmmﬁiﬁmqﬂizmmmmﬁmmﬂmmuﬁ
1a4lnazmenluridinaraAn1aefnLazANETNNTO
ineuld nanaAersagmnsaineuldifisauile
ﬁ“ﬂswmwﬂmmmsi@imﬂnmmﬁufﬁu urndadn
flanaq deandaaiueuid (Hardjito D.et al.,2008
,Sathonsaowaphak A. et al, 2009 WaZHUINT AL
Az, 2010)

W aRA T U INANANAE ABAZ NS A LE TNz A

o

wudndnsdauaemadradanlszaiumaiy 0.50

rnaniswnuiniesas 80 uas 60 Wunazhangs §
ANMNAIEANTL 299-423 nn/ad’ uazAnasTuaus
61-86%
fansdauanduassadagiszaruminiu 0.40
dounanAsudinawindanalidinslvaudiinntdas
ag e ‘
10 anviadqunanliiduilemeniuuazensanis

WARAIALY

ndnsdouresmasadanglszaiuingy 0.70
dounaniaumassinganalidinislunaucings us
A = =2 o o e o =T
dlafansandindedauazsuiszanns dnandauilly

wrnzandmiunistinld1fenu

5

--#- Replaced 100%
--4-- Replaced 60%

g

—&— Replaced 0%

g

—+— Replaced 80% I

g8

700

300
200
100

Compressive strength 7 days (kse)

Liquid alkaline/binder ratios

51N 5 wanszyyvesmsIAIY

& a

Liquid alkaline/binder FABraI8a

EReplaced 100% [IReplaced 80% @Replaced 60% H Replaced 0%

Flow (%)

=2

0.40

Liguid alkaline/binder ratios

31N 6 wAnNTENLIENEMIIAI Liquid alkaline/binder

il

]

ﬁﬁf?’?é‘?ﬁméﬂd‘

4.4 HANTENUUDIAMNINTY NaOH
nrrnadeuiindsfuninaatudndunes
asazaalnfanlansenlad uanisnagaufuans
Tugil 7 uas 8 wudrpomdindusestniolanen
lafuasBununisuwuiiaasdnesnes luidauasedn
AdedanazAuanInnIauld aanadasiu
4114348 (Chindaprasirt P.et al., 2007, Hardjito D.et
al., 2008, Sathonsaowaphak A. et al., 2009, uaz
FUINT UAZADLZ, 2010) na1aAan1dedAdluul
getumuprududusestadonlansen loigetu

AHaNHN0 luNuanas ukaiesannalu
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anuansnsoilfuasindadrrealaniiefuafffanidhaeanan laaznanlusd 19

|
o=

dudungefinnuannsolunsasBeeuresdaniuas
agiuraanuiaindanaesuldnan anialidnsinag

\im UfjiFenfisanida (Rattanasak U. et al., 2009)

1100 --@ - Replaced 100% —+— Replaced 80%

1000 --&-- Replaced 60% —&— Replaced 0%

Compressive strength 7 days (ksc)

5 10 15 20
NaOH concentration (Molar)
519 7 wansznuvevAuEdudy NaOH

vl

ABANAIPA

140 wReplaced 100% [QReplaced 80% @ Replaced 60% ®Replaced 0%
]

Flow (%)

=

20

NaOH concentration {Molar)
5% 8 wansznuvavATINIENTY NaOH

ganislvausl

Wafiasundeamasdauaznisiuausfiusnzan
.5 S = B
wudruidindureslnfadlansanlofyindy 10-
15 Tuanf YFununisunufisasaz 80 uay 60 AN

ar

ANG98A WINAL 243-423 nn/ay” wazAINITlua e

51-105%  win1azinngnAend midudunes

Tafeslansanladivingu 15 Tuand Banainsunudl
faras 60 TAN1aedAwinL 423 nn/au’ uazAInIT
Tuaudiniu 61%
fiannududuaeddnfdenlansenladvinfu 5
Tuang flansivautigausenindsmtienilodoum

3 7 = e‘ﬂl dl‘
anudndueeslafanlan i‘ﬂﬂl"ﬁﬂﬂu'] A19LUBIRN

'
o=l 3 o

Audndureslamenlansanlsmndeannliau
a1 luniszdeauresdaniuaregiiviieanuiain
Fanpasulétien (Rattanasak U. et al., 2009) Snvis
aonadnduiivesas i iunnsestinludounasuan
danalFauanansoialfiuiuussndednanas
TuinuesRen fusamdautisadumsd wio) figelu
Nuaeundavilyl
fronudnduresdndonlansenlafivinfu 20
Tuanf nsunuidnelaaymenlinitauuaasildanag
Tnausnainuld usAinddnanaaiiedausu
arudnfureslnfanlansanlafiviadu 15 Tuan§
dounsunuiidaaidnassianuanisanseudnaenn
iesanarududurasinienlansenladigedon

'
a =

Widszaznanisnesafisdauna l¥ennnsluanddas

A

wasuiuaaduduselaneulansanlafau
.

AniadnunanliifuiamafuLastnAeanisuase

LR

4.5 HANSENLURAIANS1E7U addition water/binder
nantmaaaufinlsduniudmsdaunisifia
ﬁ?mmﬁ’uﬂ‘ﬂé’aaﬂi:mu ﬁummlugﬂﬁg uaz 10
wudanasfin it ludounanuasiunonis
unufizedlaaznenlidanasanidadnuazaanu
gruanneuld narmAesA N uTan1ula
Lﬁu%mﬁﬂa’mmwmmmuﬁuﬂ?mmﬁwﬁﬂiﬂ@
Uszanuifindu usindsdnanas denadedtienidsy
(Chindaprasirt P.et al., 2007 wazSathonsaowaphak A.
et al, 2009)
dlaRansaniiningsauaznisluasiiumn zan
wudwﬁﬁwmdqummmmﬁmﬁmmu‘fm‘aﬁmﬂ&mm
Wil 3-6% Burunsuniifesas 80 uas 60 Hen
AWNAY 197-337 nn/mn’ uwasAIN T IMALK
ﬂ“r’i'é’mwmuﬂnmmmﬁuﬂ%mmﬁ‘wiﬂ‘i’ﬂ@ﬂimm
Wi 9-15% msunuiigaslnazmanluyivanunilen

nsluangs wiAiasdnanay wideanadludndou

e 4 = = ..
Pdae iWaRansunian1siinn ludounaneeanng
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20 fuNg U uas Trimnl FuAs

unuilpeznanluiauuaginileulsidassandwin
o J — -
Wesannisununlaezaenlsidaaiindss@nnin

nisnnuegud uenandraziiudnmdouseanas

1 o
= g e

Aadanlrzaruitden a1aazdananseneAINIg

lwauduazniidedn

--# - Replaced 100%
--# - Replaced 60%

1100 ‘ —&— Replaced 80%

—a— Replaced 0%

Compressive strength 7 days (kse)

Addition water/binder ratios

5N 9 wanszVUYBINIAANLFTN WUIABTIAIER

| P Replaced 100% [SReplaced 80% [dReplaced 60% M Replaced 0%

Flow (%)

T, -,
L N N AT

o
e
5]

0.12

Addition water/binder ratios

51N 10 wansznuasnIsiinFuraniisianislwaud

daun1sunuifnednaasfiauuaiatn s luaue

WANIURNIS AN I WAL 3% winAdannti

1.0 ar g @

A sluaanasFae BnvsAindsdnanasdion ana

WasnanndnnisiindFun ot ludaunanni line
nisindjazenBnafanilaszndraunduladon-
lamsanladnnlfidounaninisudasioniiolu us

'
o or <4

ANNNA9AaARILIEI NN TAN T i Tudounas

4 &

wilaudunslfuanududusetades lansanlss

Vidauas FauanataBunnsinfuiniwludunas

a P jaaa
4.6 Hﬁﬂ‘E?JWU’H‘EQ’QHWHQNH'IEL'NﬂQH‘SEﬂ

nisnagauiudsduguuugdlunasisel e

Y

uan1enAgauAuandluglin 11 wudiAindsdad

[
= =

LLmTﬁugd&"?uﬂw@mﬁqim?Liqﬂﬁﬁ?‘mﬁgwu
aanAAR4LN1U34Y (Chindaprasirt P. et al., 2007,
Hardjito D. et al.,, 2004, Hardjito D. et al., 2008,
Bakharev T.,2006, Nguyen Van Chan et al., 2008,

FUINT, 2010 wazilszuna, 2007)

1100 --® - Replaced 100%

1000 --# - Replaced 60%

—+— Replaced 80%
—8— Replaced 0%

Compressive strength 7 days (kse)
@
g

Curing temperature (“C)

gU# 11 wansznuYevguu)inInLeN

L}

ABAAIER

L |

WaiansnivAmMAadanudsdunugomniinig

aliten wazAnsuauknnzanyesinmdou

Al wudnflFununisununiesas 80 was 60 HAIY

P8 e 1 e

WMHIZANTIHAINIA98AWINAY 260-423  nn/au’

wazn1azNAngaeeIguu)iinisiicljnienne

gl al

75 adA@adad U3uininnsununiesaz 60 e

Adediawingy 423 nn/aw’

'
=

NgoungHnIndalisenwiiy 60 esraaidea
AMAsEnties e ieuiugumginindalitenaun

Ngouungiinindaliidawiniu 90 avaaa e 3l

|
& e A

AMdeEnanauilaiauiuguu)inindaljizen

ar

Wy 75 eeAtatdag nasunuilaaznenlud

Lo

=

FUUAT AN IZNTUINAT8dAas 1 finTua s

g

dhau wesannnisunuilnazaesliimaiisyes
nsuderiand dszneufugumniinisdaljidenige
M ligaideArnauet 19391393 UAANITLANEAR

dounisunuidnaaesiaunaldifianisuaufaeed
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Wan (Chaipanich A. and Nochaiya T., 2010 uaz
Wongkeo W. and Chaipanich A., 2010)
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(Jaarsveld J.G.S.Van. et al., 2002)
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Lguqiﬁu@\iﬁuﬂﬂﬂm A3 ludagusnauliessazinaInig
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2004, Wongpa J. et al., 2010 WAz ANIWUY UazAY,

2010)
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1100 --®- 5/a=5.93 —+—S[A=4.24

1000 --h-- §5/A=3.21 —B—5/A=1.67

Compressive strength (kse)

Curing time (days)
51U 14 wanszvuveedazIdau SiO/ALO,

o

ARNAIER

140 E5/A=5.93 As/A=4.24 #s/A=3.21 Bs5/A=1.67

Flow (%)

0.5 1.0 15 20
Na,Si0/ISM NaOH ratios

51 15 wansznuveedazIdIu SiO/ALO,

mans naus
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o el i A
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Z. etal, 2009)
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2500 2500
2400 oReplaced 100% o Replaced 80% o Replaced 60% = Replaced 0% 2400 o I; d 100% ol ] d 80% @ 1 d 60% O I d 0%
~ 2300 o~ 2300
= '=
2 7 7 2
= 2200 Vi = 2200
5 R %7 5 )
£ 2100 o 21 Vi S 2100 Yol
: m B ; ]
< o7 q’ £ ]
= 2000 o % / E 2000
e =2
Svm =
1900 o= 0..; 1900
e =)
1800 " ] 1800

20 25

oReplaced 100%: oReplaced 80% o Replaced 60% = Replaced 0%

Unit weight (kg/m*)

Liquid alkaline/binder ratios

a8

17 g e TwA e asEas
SUN 17 VEEIMHNTANS LB INALN BTN A TR T

AMNEANTENUYBIDATIAIL Liquid alkaline/binder

2400 oReplaced 100% @ Replaced 80% £ Replaced 60% c© Replaced 0%

2300

2200

2100

Unit weight (kg/m®)

1900

1800

VINHANTENLYENG UM ANTITILGATEN

w

NaOH concentration (Molar)
2 O S A TR 1 S S
E‘]J“v’] 19 UWUILUIWUNTENALD INALNBTURAIFAS

AMNUANTENUIIIAN NG NI NaOH

2500
2400 |5 d 100% o d80% a d 60% QReplaced 0%
~ 2300
E
£b
= 2200 -
z & ol
2 2100 * =
H ! -
= b =
Z 2000 | 24 <
=] ﬁ i
3
1000 | b4 5
- o
% =
1800 o

0.06 0.09 012
Addition water/binder ratios

= L 2 )P N < AN 4
:a:ﬂ“v’l 20 WUILUIVUNTENA LB IWALNBTHBTAT

AMNUANTENLABNERATIAIU Addition water/binder

5 dfUuanisnazau

51 findemradalelwdmesuaid finnsunui
Waaudaalnaznenluiievuaiiuuatiudasnis
FBuuasazanalafaudananinndiaisazane
Tnranlansanlos

52 nisunuiilaezaesluiliudnassfesas 60

uaz 80 4m3149u  Na,Si0/NaOH 1vinfiu 1.5-2.5

&

Liquid alkaline/binder WAL 0.50  anadndu

Tameanlansanlafnszudng 10-15 anf AR dadm
uaznirlawsiimnnzanuinisinllldann  Tedlan
AAIEALAzNIT A LEWNTL 243-474 An/ad” LAz
29-105% PNHANAL
. , s = - A
53 guuipfinadaljisefimnzauiiande 75
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54 fRd9u Liquid alkaline/binder Rundu

ar

FaeANAINETN1TNNULALAR NIRRT LAz
fn9149uU Liquid alkaline/binder 1Ay 0.50-0.60
fAuimnzaNngaisAnIadaLaznITiua L8
= - a a i & e o & ar i
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daviudnmdiunmeradanlszauwingu 1.50
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