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Abstract

Currently, Portland cement is the one generally used for construction and
building. However, the process of producing Portland cement has aso 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 caled 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 akaline 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 aso 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,SiOs/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 dlightly 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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MgO M 0.1-4.0 0.40
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K,0 K 0.1-18 5.57
SO, S 0.5-3.0 -
FeO Fe - 0.71
H,O (comb) - - 3.57
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Air dry unit volume Thermal conductivity
Type .
weight (kg/1) (Kcal/mh C)
ARURIANTUINGS lagd 1.20 - 1.60 0.27 - 0.36
ﬂ,uwﬁumm 2.01 1.24
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a Jd
273 ¥Havasdlelan
= 4 a dzj 9 as A = 14 a .
1o ladgauisanavuld 2 35 Ao ¥ 1o ladn 1usIsu¥1A (Natural or Mineral
. o o X . . = g 1 a A Yy A 1 v A
zeolite) LAYFUATIZHAUY (Synthetic zeolite) & 1o ladunazyhiall Inseaieiuana1eany Any

a 1

AUFITURIATNIANT 35 ¥iia dudTeladduns e uiilszana 100 ¥iia aunsauen
¥iiavosiToladld 2 wiia fail
1. #TeladfiRan1u555uA (Natural or Mineral zeolite) 152noURA0
Hydrated Alumino Silicates U84 Alkaline tl0¢ Alkaline-Earth Metals c’fiﬁia"laﬁﬁﬁmwﬁﬁ
it fusdanmiy fdhae damamieatediForna Sdnvuzadiovedn
Fleladsssumanien]Flueadvnssudl 3 ¥iia fle Clinoptilolite Chabazite 11a2 Mordenite
veaamngsy 0199219 Phillipsite ¥iavesd e ladididafie (Sauds ogluasd, 2546)
Group 1 : Single 4 - ring
Analeime  Na,, [(AIO,),, (Si0,),,] . 16H,0
Phillipsite (K, Na),, [(AIO,),, (Si0,),,] . 20H,0
Laimonte Ca, [(AIO,), (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 uainuleonazilzinu
aoudagalufuiifies o siianiniu 18un Clinoptilolite  Analcime Chabazite Heulandite
Mordenite Phillipsite Natrolite Stilpite {81 Gesmondine !Li“ﬁﬁ 9 sia Gluﬂ’cjuﬁ Clinoptilolite

F) H ]
1182 Mordenite iuAwuNInluauna
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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.2Al10,.78i0,.7H,0 2.8-4.4 0.48x0.59
2. #Te'ladninaanmsdunsizriniaunil (Synthetic zeolite) HiA9INAITIN

aan a g ] { %} 4
Ufnsenvaneen ladaie q u ALO, Si0, Na,0 wuaz K,0 lusznuifiviuieldla

a o d =
251

=

P =< (% 4 o Y a Y Y 13 .
mmmawia"lawuumaﬂ u,azmimmiwvimmﬁamimﬂﬂ"lﬂmumﬂuma (Gelatin)

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

Zeolite F Zeolite M ﬁJuﬁ’u

~ A A 7 A s
AT 1NN 2.10 LLﬁﬂ\‘]ﬂ”ﬁllﬁﬂUl‘V]ﬂUﬁTiﬂigﬂﬂﬂﬂlﬂﬂcﬁiﬂllﬁ@ (ulﬂiﬂw DUNTLAIN, 2550)

f3dsznou NZ (%) SZ (%)
Sio, 71.75 61 D3 67
Al O, 13.19 11 D9 124
Fe, O, 2.20 43 9 6.98
CaO 0.11 225 D4 3.24
MgO 0.40 1.54 99 1.64




33

= v = 4 a 4
JUM 2.17 dnvaizvesdlolad (Insaw duniuas nazas, 2550)
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#10'lads550A LAzt 1208 AIUIAT 04 X-Ray Fluorescence Analysis (XRF)

Chemical composition (%) Diatomite Perlite Natural zeolite Fly ash
Silicon dioxide (SiO,) 59.30 71.32 75.32 43.87
Aluminum oxide (ALO,) 10.00 10.73 10.28 26.33
Iron oxide (Fe,0,) 18.50 2.58 2.66 10.81
Calcium oxide (CaO) 1.20 1.86 3.95 12.69
Sulfur trioxide (SO,) 0.02 0.03 1.20 2.74
Loss on Ignition (LOI) 8.10 1.25 1.41 1.23
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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
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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
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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/ms) 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/ m’) 819.90
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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) 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/ms) 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/ m’) 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/ms) 1,629.75 1,614.66 1,629.75
Average unit weight of sample, (kg/ m3) 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
FADERO 126 105 86 25
FADE100 115 89 72 36
FAPL60 104 81 42 12
FAPL0 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
FADES0 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,SiO,/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




143

~ ' ] H @ ~ a J JY o tY
ATNN V.8 Wamiwﬂﬁa‘Uﬂmuwumuﬂﬂlmﬂ’eﬂwammumm‘i NAMUsHUY

ganimsIalgnse

Unit weight (kg/m3)
Symbol Curing temperature (OC)
60 75 90

FA100 2,300 2,270 2,266
FADEG60 2,239 2,234 2,232
FADES0 2,237 2,163 2,099
FADE100 2,126 2,115 2,097
FAPL60 2,268 2,261 2,247
FAPLS80 2,261 2,243 2,240
FAPL100 2,222 2,195 2,192
FANZ60 2,186 2,118 2,131
FANZS80 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
FADERO 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
FAPL0 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
FADES0 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
FANZ80 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
FADERO 2,163 2,141 2,139
FADE100 2,115 2,104 2,098
FAPL60 2,261 2,245 2,241
FAPL0 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,SiO,/NaOH ratios
0.5 1.0 1.5 2.0 2.5
FA100 522 768 810 939 755
FADE60 252 265 424 468 474
FADES0 102 180 299 353 358
FADE100 15 92 223 240 281
FAPL60 194 295 513 589 605
FAPLS80 185 232 325 362 404
FAPL100 64 92 108 98 113
FANZ60 254 440 577 632 456
FANZS0 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

FANZS80 285 240 245 229

FANZ100 47 45 34 23
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Compressive strength (ksc)

Symbol Curing temperature (OC)
60 75 90
FA100 705 810 841
FADEG60 301 424 357
FADES0 269 299 283
FADE100 199 223 215
FAPL60 326 513 430
FAPLS80 233 325 258
FAPL100 80 108 219
FANZ60 349 577 417
FANZS0 200 240 234
FANZ100 23 45 67
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Compressive strength (ksc)
Symbol NaOH concentration (Molar)

5 10 15 20
FA100 515 677 810 709
FADE60 267 342 424 340
FADERO 232 244 299 263
FADE100 145 198 223 222
FAPL60 396 432 513 430
FAPL0 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
FADES0 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
FADERO 299 322 404
FADE100 223 236 289
FAPL60 513 534 551
FAPL0 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 276,000 290,000 304,000
FADEG60 111,000 131,000 143,000
FADERO 63,000 67,000 79,000
FADE100 26,000 32,000 33,000
FAPL60 200,000 211,000 214,000
FAPLS0 88,000 93,000 108,000
FAPL100 39,000 52,000 56,000
FANZ60 207,000 217,000 227,000
FANZ80 68,000 69,000 74,000
FANZ100 17,000 17,000 19,000
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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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MR Binder Na,SiO, NaOH Physical properties NZ FA Sand
M-NZ-0.5 400 66.67 133.33 Specific gravity 2.28 241 2.69
M-NZ-1.0 400 | 100.00 | 100.00 Bulk density (kg/m’) 440 | 973 | 1625
M-NZ-1.5 400 120.00 80.00 Median Particle Size (“Il’l) 5.50 17.60 =
M-NZ-2.0 400 133.33 66.67
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Chemicals NZ (%) FA (%)
SiO, 7532 34.10
ALO, 10.28 20.56
Fe,0, 2.66 15.34
CaO 3.95 17.08
MgO 1.20 2.77
LOI 1.41 0.32
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Workability and Compressive Strength of Geopolymer Martar

from Fly Ash Containing Diatomite

Tanakorn Phoo-ngernkham " 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 reduection could be observed. Additionally,
the compressive strength of geopolymer mortar increased obvicusly 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
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nmdoulanimingas Na,SiO/NaOH i 1.5
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o =l
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3.3.1 Mauauin luguuungvedanszwdng 25

04 45 asAmaded e lddemnpansiuainiAU e

el

'
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3.3.2 %’uﬂﬂummﬂumeumﬂﬂ@mm
sewineanlszauiunsalidniug Uszunns 1w
wisaniuiAnansazanslaideuidinauas
TnRaulansanles wiaudonandnszann 10 wWi

3.3.3 nadauAN1Tluaudaesalalnaiues-
HBTANT ANNINTFIUASTM C1437

3.3.4 nagauAINASTLLTERrealaInAes-
naffnfnuNInTgIL  ASTM C109 ﬁmgmsu‘u

Winiiu 7, 14 waz 28 Ju Ieelduuueneians auie

2
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pugranroninuliuazingetnradlaindnesua i fanidnaeenanlaaznanluy 15

= o , o o o= -
M197499 1 ﬂﬁ?ﬁ")ﬁ?uﬁu’ﬂﬂﬂﬂdﬁ'Eﬂlw@ﬁ”@fﬂﬂﬁ'ﬁ']?

= w o
AN 3 ADLANLAN NN TATYEN ?ﬁ@ﬂﬁ‘;’ﬂ’?l&

) " Mix Proportion (g.) Physical properties DE FA Sand
MiIP: Binder  Sand Na,Sio, NaOH Specific gravity 233 2.41 2.69
M-DE-0.5 400 600 66.67 133.33 Bulk density (kgfmz) 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-2.0 400 600 133.93 66.67 AIMNAITNN 3 WUTIAIAINANIUNIZUAZAT
M-DE-25 400 600 14286  57.14 Arunwiureslaazpanluy dewviniu 2.33 way

e M Assraadudusssdndonlansanlad wez
05, 1.0, 1.5, 2.0, 2.5 ApdRrdouszudinsansazansleFfuds

inasednrazana ey lansanlod

4. Nﬁﬂ’]‘iﬂﬂﬂ'ﬂﬂLLﬂ:ﬁLﬂ‘iﬁtﬁNﬂ

s "
4.1 HANSNAADUAMANTANUFIVIDIIAG

= - o o |
M197190 2 ﬁJP’Jﬂj‘if?ﬂHTﬁﬁIIW’NLF’Tﬁi’F@G?ﬁWTJ?‘;‘?N 14

q

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 2.74

LOI 8.10 1.23

anmsad 2 wudnleezaenliviflasdlsynay
A Si0,+AL0,+Fe,0.=87.80% A u ealaa1u
Class N MINNIATIILASTM CB18 (2001)
fvunldarslszneunansesidAnuinndn 70% uaz
A fufuLdaeafiiesdmlsznauniaiad
Si0,+Al,0,+Fe,0,=81.01% flutleal1au Class F
PNNIATIIU ASTM C618 (2001)

o Ia

Andnuaasdanideaaiitiaedlnaraanluiivindu

al

5.93 uazdpdiurasdanirengiuiresninseamniy
1.67 anIAquNansznuIesdndaudaniseagiun

i o L = - £ G"CJ o i
AaN1848A18493 la IR AL BT IWARN NN NG LNAL-

=

3 P = =
Waanldnaudnonuiiu (Fasdnh wazanz, 2008)

T | P L

WudNdndanresdaniAaaatunlNafaAINIR9aARg

Al

ar

Jag AvlulpaauyRgiudesiveesniddaldndou

andasgiuivaslaesnanliningiensasdanasiasi

=1

& e

ANaIam

490 nrva’® mnuaNey WeTruieudiudnananas
N8 FINATATHENANNIZATIN T s 0100 3.32%

UAY 13.38% AINATAL WATHATA TN MLILLUAINTG

52111 49.64% Uaz 69.85% AIUAIAL

= ; Y
UV 2 gwae SEM yeuiage
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guINg iudn uas Bedenl Fuds

= = a- /
M15149N 4 Nﬁﬂﬁiﬂﬂﬂﬁﬁméﬂfﬁu@'?g}ﬂ”ﬁ JLH

Compressive strength (ksc)

Symbol
7 days 14 days 28 days
15M-DE100-1.5 2229 236.4 289.2
15M-DE80-1.5 299.3 324.F 404.4
15M-DEBO-1.5 423.7 427.0 474.2
15M-DED-1.5 809.7 834.4 810.8

o = ar  ar
AN519N 5 NAVAAALILIBLLTE A AT IR

Addition water/binder

Compressive

Unit weight  Flow
Symbal . strength 7 days
(kg/m”) (%)

(ksc)
15M-DE100-1.5(0%*) 2115 5 2229
15M-DEBO-1.5(0%) 2163 86 299.3
15M-DEB0-1.5(0%) 2234 61 423.7
15M-DED-1.5(0%) 2270 35 809.7
15M-DE100-1.5(3%) 2080 80 184.0
15M-DEBO-1.5(3%) 2097 94 240.1
15M-DEBO-1.5(3%) 2204 62 279.7
15M-DED-1.5(3%) 2248 45 741.9
15M-DE100-1.5(8%) 2062 96 153.6
15M-DEBO-1.5(6%) 2095 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 111 130.8
15M-DEBO-1.5(9%) 2085 17 188.0
15M-DEBO-1.5(9%) 2146 a7 286.5
15M-DED-1.5(8%) 2205 a5 554.7
15M-DE100-1.5(12%) 2036 114 129.4
15M-DEBO-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-DEBO-1.5(15%) 2043 128 202.2
15M-DED-1.5(15%) 2130 10 338.8

= = o = o
M15149N 6 wawmﬂ@ummﬂmu@mwgwmm\?
=aa
Ufjizen
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-DEBO-1.5 60 2239 300.8
15M-DED-1.6 60 2300 705.2
15M-DE100-1.5 75 2116 222.9
15M-DEBO-1.5 5 2163 299.3
15M-DEBO-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-DEBO-1.5 90 2232 356.9
15M-DEOD-1.5 90 2266 841.3

ANSNT 7 HANAAB LRI EUATILENTY NaOH

Unit weight Flow  Compressive strength
Symbuol i
(kg/m?) (%a) 7 days (ksc)
SM-DE100-1.5 1934 115 145.5
5M-DEBD-1.5 2020 126 2324
5M-DEBD-1.5 2098 89 267.3
5M-DED-1.5 2120 a4 574.6
10M-DE100-1.5 2099 a9 198.2
10M-DEBO-1.5 2107 105 24386
10M-DEBD-1.5 2127 51 341.7
10M-DED-1.5 2218 48 677.0
15M-DE100-1.5 2115 75 222.8
15M-DEBO-1.5 2163 a6 299.3
15M-DEBO-1.5 2234 61 423.7
15M-DEOD-1.5 2270 35 808.7
20M-DE100-1.5 2166 36 221.7
20M-DEBO-1.5 2239 25 262.7
20M-DEBO-1.5 2265 13 3401
20M-DED-1.5 2349 0 708.7
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< = 5 ar :
M99 8 FJ@Wﬂﬂﬁ@ﬂéﬂmlﬂﬁﬂu@ﬁﬂﬁ?u

Na,SiO/NaOH
Unit weight Flow Compressive strength
Symbol 3
(kg/m’) (%) 7 days (ksc)
15M-DE100-0.5 2108 83 14.8
15M-DEBOD-0.5 2088 94 101.6
15M-DEGD-0.5 2173 28 252.3
15M-DED-0.5 2226 4] 5222
15M-DE100-1.0 2105 72 91.8
15M-DEBD-1.0 2198 a8 179.7
15M-DEB0-1.0 2227 o1 264.9
15M-DED-1.0 2287 5 767.7
15M-DE100-1.5 2115 4] 222.9
15M-DEBO-1.5 2163 86 209.3
15M-DEBO0-1.5 2234 61 423.7
15M-DED-1.5 2270 35 809.7
15M-DE100-2.0 2120 59 240.0
15M-DEBD-2.0 2178 65 352.6
15M-DEB0-2.0 2238 35 468.2
15M-DEOD-2.0 2264 60 939.1
15M-DE100-2.5 2127 62 280.6
15M-DEB0-2.5 2172 65 358.1
15M-DEBD-2.5 2263 29 474.4
15M-DED-2.5 2324 &7 553

= / P :
A1919N 9 NﬂWﬁﬁﬂﬁéﬁﬁ&ﬂiﬁdiéﬂﬁ:‘"m’]u

Ligquid alkaline/binder

Unit weight Flow Compressive strength

Symbol )
(kg/m’) (%) 7 days (ksc)

15M-DE100-1.5(0.4) 2107 16 235.0
15M-DEBD-1.5(0.4%) 2183 9 243.1
15M-DEG0-1.5(0.4) 2269 4 419.4
15M-DEO-1.5(0.4) 2283 2 800.8
15M-DE 100-1.5(0.5) 2115 75 222.9
15M-DEB0-1.5(0.5) 2163 86 2003
15M-DEG0-1.5(0.5) 2234 61 423.7
15M-DEQ-1.5(0.5) 2270 35 809.7
15M-DE100-1.5(0.6) 2015 96 841
15M-DE8B0-1.5(0.6) 2104 108 166.0
15M-DEBOD-1.5(0.6} 2150 82 284.3
15M-DEQ-1.5(0.6) 2267 53 655.0
15M-DE100-1.5(0.7) 1994 126 225
15M-DEBO-1.5(0.7) 2038 "7 109.5
15M-DEB0-1.5(0.7) 2144 109 219.5
15M-DE0-1.5(0.7) 2175 85 435.0

4.2 WANTZNULDIARSIAIU Na,SiO,/NaOH
nmaseuRulstunasnmdau Na,Si0,/NaOH
aupnududvaeslamenlansenlad 15 Tuand
nammaRaLuanlugLil 3 uaz 4 nudAnindedn
uazAmEN I lETuedfu BN el
Fainauazliinunisunuilneznenland aenades
fL4UAAE (Sathonsaowaphak A. et al, 2009 WA

fUINT UazANZ,2010)

--® - Replaced 100%
- - & - Replaced 60%

—— Replaced 80%
—&— Replaced 0%

Compressive strength 7 days (ksc)

Nu,Si0/15M NaOH ratios
=i o ] .
51U 3 wansznuLeRIEI Na,SiO/NaOH

o ar
|

ABMAER

140 OReplaced 100% [Replaced 80% D Replaced 60% OReplaced 0%

Flow (%)
A

AKX

0.5 10 15 220 2.5
Na Si0)/ISM NaOH ratios

51 4 wansenueIsATIAIL Na,Si0,/NaOH

Aanisinaus

- =

HANANTN DA A8 ALAZ NN T IMALH TN Zdu

nUdNERIId9  Na,SiO/NaOH  winfiu 1.5-2.5
Fununisunufiasas 80 LAz 60 HAIRNAS

WindU 299-474 navmy® wazAnasluawevingy 29-

| 1
= & e

65% uAnIMzNANgnnaanI @Iy Na,Sio/NaOH

& e

windu 2.0 Yniunnsunuiifesas 60 HAtA1dadn

winriu 468 nn/mu’ wazA s luauEmngL 35%
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18 sunng RAudn uas Feimnl AuFT

ar

fidmedou Na,Si0,/NaOH winrfu 0.5 uaz 1.0 N3

2

uwnuisnelnaznanluyivanuaiAinisluausdia wien

9 o e W

4 & oo = o
ﬂﬂﬂﬁﬂﬂu'ﬂﬂLiJ'ﬂLﬂﬂUﬂU'ﬂFi?’]ﬁ’lu’ﬂu’] daunIsunun

FneBaatiaNLAN LI ASHANA AUt e ndanA LI
Anngluauefitias anviannsvaadasfifaduLLnn

i '
-

danalilinndaiesiliofisuiudndauau
fdmsd9u Na,SiO/NaOH Wi 2.5 nasunui
pnelnaznayluiiausnianisiuaudwaniewls

WasanBNnaed Na,sio, Aniniuinlidaunandl

=
i 0 e ar ol

ANNUIANNNTY UARINNAIBRRT U e Ldnsdan

&
=

2y waziluualingeiumaffuanaes Na,Sio, i

é’ g ﬂ; 4 k' ?/ = i
HINAUAQE FIUNITUNUNATELDIBALAIUNATAINTS

ar

Tuauetia windsdnanaailamaududnsidau

Na,SiO,/NaOH Wiy 1.5 aghslsfimunisunuiifag

' ]
w = =

wnaasiaunainisudafaiie efiansunann

ATTUIUNITHALN

4.3 HANSENLIRIARS1EU Liquid alkaline/binder
nsnedeuTiulsiunusRTdan Liquid alkaline
/binder namiﬂmﬁﬂuﬁmmﬂugﬂﬁ 5 uay 6 Wudd
ifmwzhummmmﬁifﬁmﬂﬁtmumzﬁmmn'mmw?i
1adlnaznanluidinanasidsdnuazpnanung

o

n9uld nanaRemaug o ulA R IEue

ar

mﬂ2’;mum'mmmﬁiﬁﬂ@ﬂ?zmmﬁuéu WARMNASER
fianas annndadfiuanddy (Hardjito D.et al.,2008
,Sathonsaowaphak A. et al, 2009 UAZSUINT WAL
AfUz,2010)

HafaN N INAN RIS ALAZNNS A LET LN =g

wudnndnsdiuaesinaradanlssaiuminiu 0.50

' '
e =

anmunsunuiifesaz 80 uaz 60 dunaziangs i
ATMAISANTL 299-423 nn/an’ wazAnglvaus
61-86%

emsdaurnaiveg Aadanlszaiuviniy 0.40
dounanAauinawisundenalidnsluausiiiades
un antadaunanliifwiedenfuuazainsdanis

WARFIAL

dmsdouremadadanlszaiuingy 0.70
faunanianumaIngaraliAN s lnaudngs usd
A4 = =2 0w o o ('
WeRasaniaideinuasuyszunnd dnsdouiill

wisnzaudmiuni a1y

1100 --# - Replaced 100%

—+— Replaced 80%
—=— Replaced 0%

1000 --4-- Replaced 60%

Compressive strength 7 days (kse)

Liquid alkaline/hinder ratios
= -
E']J'Yl 5 NANFZNLIBNEATIRIY

Liquid alkaline/binder FoAnadem

160

D Replaced 100% [CReplaced 80% @Replaced 60% HReplaced 0%

140

120

Flow (%)

=

0.40

Liguid alkaline/hinder ratios

= . o : )
gﬂ'ﬂ 6 NANIZNLABNERTIAIN Liquid alkaline/binder

Aanislvaue

44 HANTTNUVRIANMULTNTY NaOH
nrsnaaeufindsfuainnatududures
arsazanalnifeulanrenlasd nanmadaufuang
lugild 7 uaz 8 wudrmdndusestaidonlansen
lasuazi Bununisuuizaclaez e linidauaiad
Ardsdauazauatuignnieuld asandasiu
411348 (Chindaprasirt P.et al.,, 2007, Hardjito D.et
al., 2008, Sathonsaowaphak A. et al., 2009, uaz
FUANT WAZATLY, 2010) nANMABRIAISAT L
getumuprududusedtafonlansenloigeiu

Auadnn luniuanad Wikailasannau
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& 8

dindungeiianiuainisalunissz@eauresdaniuay
£ E 4
agRuleanuIandansiuldnan envisiidnsnig

ey

\im UAEEA999159 (Rattanasak U. et al., 2009)

1200
1100 - -~ Replaced 100% —— Replaced 80%
1000 - - & - Replaced 60% —m— Replaced 0%

Compressive strength 7 days (kse)

e [ PR
1]
¥ 10 15 20

NaOH concentration (Molar)
= »
gu 7 wanssnuveAINIENTY NaOH

ABATAIER

140 W Replaced 100% [DReplaced 80% [@Replaced 60% BReplaced 0%

Flow (%)

NaOH concentration (Molar)

= 2
51U 8 wansznuyavAIIdndy NaOH

manisluauel

I 9 o ar '

Wafiasondeamasdauasnisluautifusnzan
wudAuAdndureddnfadlanseanlodvindu 10-

15 Tuanf Uiununsunuiniesss 80 uar 60 HAN

ar  ar '

ANA98R WiAfu 243-423 nnsas’ wazAIng e we

] |
ol A

51-105%  wAn1aznangaAaan uiduduues
Tnmeslanranledvingu 15 lwand Buninisunud
faeay 60 HAANAE AWML 423 Nn/au” LAZAINNS
lvauelvindu 61%
d‘ G B - o« 1] @
Aponsidnduaeslnfenlansanladfvindy 5

Tuanf dennsluaunigusiaindsdptaaia iy

v = oed o
ﬂ‘)"lulﬂlllﬂuﬁl'ﬂ\it‘ﬂkﬁﬂulﬂﬁi‘ﬂﬂiﬁﬂ'ﬂu’] 21911190

'
el 5 o

3 7 = %
pondudunealadaslansanlasntdasinlinou
asalunisisdesureddaniuazegivieanuiain
Janpesiulitian (Rattanasak U. et al., 2009) 8nviy
AnndudundesaziFuiaaainludaunauunn
ganaliinonginiso il ANTveAi dadnanas
luiueaRaaiudamdauinsiadwus (W) ngalu
uaaunInviall

ped v o = P

Franududuaasladanlansanlafivindu 20
Tuand nnsunuinacelreznas luyianunasifinig
Tuautwaniauld widtndeinanauiafiauiu
anrndudureslnmanlansanlafviniu 15 Tuanf
daunisunuiAeedaeaiauian1sHaNAaud9en
P [T = o
Wasanaudnduelnfulansenladngidna
WiszazanisnasanEedeaalidiniswawsidas
Al - & 5w i ol
Wadsuiuasdindusaddnnaulansanlafaug
o ) - o | ]
anadnunguldiduillamenfuLazenAani1Ivae

ALY

45 HANSENLAAIAMNI1E7U addition water/binder
nan1InadeufiLdsfunudnsdaunisiiy
ﬁmmﬁ?wﬁ@i’ﬁ@ﬂs:ﬂm m"almm’l,ugﬂﬁ 9 uaz 10
wudnsi i s ludounanuazlunnnis
unufsesleaznenluidinanaiidednuazasiy
grunronnuld natmAapNa NaTaR1IulA
Lﬁu%ul,ﬂafé’mmmumqmnﬁuﬂ?‘mm{fmﬁm
Useanufindy uirndsdnanas denadesinniy
(Chindaprasirt P.et al.,2007 uazSathonsaowaphak A.
et al, 2009)
daRansandednmddauarnisluausfinnza
wudﬁﬁﬁmmmuﬂmmnﬁmﬁmmﬁwm‘ﬁimlﬂs-:mu

| e

WL 3-6% ENnnunisunuiifasaz 80 uaz 60 a0

e a4 e

FadANNY 197-337 nn/n® wazAnngluaus

=

62-110%

NenadaureaniniinlFunmiisedaglszai
Wiy 9-15% arsunuisnelaaznanluivianunilsan

nsluaige wididednansy uddianasludndou

a0 a4 = = -
Alag tWawanrunnan NN Tudaunaueanis
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20 sung vl uas Brimel ufT

wnui lnaznanliveaunngmieowlddesdniin
4 E — N

Weavarnnisununlaazaenluidouiiadsz@ninw
nsnuetudy wenandrazidudnmdiureanan

Aadanlszaiuiidens anaazdanansanAInig

Iuausuaznidedn

1200
1100 --# - Replaced 100% —a— Replaced 80%
1000 --# - Replaced 60% —=&— Replaced 0%

Compressive strength 7 days (kse)

o 0.03 0.06 0.09 0.12 0.15

Addition water/hinder ratios

< o 8y oy W
g'ﬂ‘ﬂ 9 WANTEVLINNIHNNLFN U FaNaIER
160 -
;| mReplaced 100% QReplaced 80% (AReplaced 60% [ Replaced 0%

140
120 |

:e 100 |

£ w0

=

-,
Wb R RN

e
e
8

0.06 0.09 0.12
Addition water/binder ratios

ol T S P ,
E'IJ‘I"I 10 wans=nuYeInanNLsyInaan s uaus

Arunisunuidaediasaiauuaia N v au

WHAUNN NN 3N WAL 3%  uwindsanntii

P9 ar ar e

Ansluasnasiass BnivAindsdnanasiion aa

Wiaanrarnananis G ludiunauna inie
nsindjasengnafantleszudrauindulaan-
lamsanladvial¥daunaninisudasofnidaly ud

'
& e =4

ANNasdAaARalasa NI TAN T T Tudaunas

<4 or

wileuiuninlfupududuredlades lansanlas

Tilaaas Tauanafaliunnainfynaulugn uuas

4.6 HANTENLARIRUUDANISLSILHATeN
mﬁ'wmmuﬁuﬂiﬁuqmuqmummmﬁﬁ?m
nanqsmadaufueaslugli 11 wodidrindedng
Lmq‘l‘.ﬁuqa%um'm'aquﬁmmiaﬂﬁﬁ%mﬁga%u
aamnAARIiLNIWIAY (Chindaprasirt P. et al., 2007,
Hardjito D. et al., 2004, Hardjito D. et al., 2008,
Bakharev T.,2006, Nguyen Van Chan et al., 2008,

§UIN7, 2010 wazilszuaa, 2007)

¥

-- o - Replaced 100% —e— Replaced 80%

-- & - Replaced 60% —8— Replaced 0%

Compressive strength 7 days (kse)
@
=]

&0 75 a0

Curing temperature (°C)
o ) - o p
g'ﬂ"ﬂ 11 Nﬁ.’]E';’WD?JE\T@ZHT«%;}NH7@‘&3‘\?”{}ﬂ§'ﬂ'?

ARATAGER

ar

AT NINATMAYEANULsTuAINg MRS

lgATen wazAnslnauknmnzangesdRdau

Pl wudndEunnisununFasas 80 wax 60 A

WM ANTIN AN RIS AWINGY 269-423  nn/au’

'
- e 4

= = .
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75 addmadsd Buininisunuiiesnas 60 e

Poas

Aaasmmniy 423 nn/an’

|
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guugiiniadaljAzawindu 60 R RIE BIE RN
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& e

Pidsdaiasdleeuiuguuugiinisdaljizundun

PgnunnfiniadeljiFawiaiu 90 asAnaaldaa &

§
o we =

Afndsdnanadaifisuiuguuginisisal§iten

o

Wiy 75 eeANaldag nnsunuilaneznenlud

ot

=

FUN AT ANHELENITUIN AT et 1R AT wa s
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Falau asannisunuilneznan iiauuaiisses

nsudaiandn dszneuiugnmgiinisisaljitenng
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Anldadsp N uednisanFaaufinn1suINAD
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[l
=i W

ﬁ’fafatmﬁmﬂm’lugﬂﬁ 12 esanmisunuiiihaes
Fanuaflrzaznisudaiafida ﬁQERWLu@ﬁﬁQM']q
Audednnauiind bl §iTenludey dewali
Aanasguidsasind uiaandanisunuiidon

Ineznauluyivianun

= = ' s
51l# 12 Nf‘mE‘KWUW’E’\F'EBJVmeI’??‘Lﬁ\?Uﬁf?i‘ﬂ'?

a ] o

sadlnInaweiuasang
atvlsffgnmgiiniadalizeiassaniiananig

aaesareFuIuarlsznavaesianeeloaiu

[l
=

Feanaudsniunanlsznaurasianealaaiu

|
= =

anisaanengmuundszunn 110 evdgalTeg

w
o o

muumﬂﬁ@muqﬁmm‘qﬂﬁﬁ"‘émﬁﬂszmm 60-80%
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A Study on Properties of Geopolymer Mortar
Made from Fly Ash Incorporated Natural Zeolite

Tanakorn Phoo-ngernkham " and Theerawat Sinsiri *

K Suranaree University of Technology, Maung, Nakhonratchasima, Thailand 30000

Abstract

This article presented properties of geopolymer mortar using fly ash and natural zeolite as a binder.
The fly ash was replaced by natural zeolite at the rate 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, namely, 0.5, 1.0, 1.5, 2.0, and 2.5 by weight whereas the liquid/binder ratios of 0.40, 0.50, 0.60, and
0.70 by weight were used. In addition, the NaOH concentrations of 5M, 10M, 15M, and 20M were also
used as variables. Each mixture was separated and cured in the oven at the temperature of 75'C for 24 h.
Flowability and setting times of all fresh geopolymer mortars were investigated. Additional, the compres-
sive strength was tested at the ages of 7, 14, 28, and 60 days.

The results revealed that the mixture having Na,Si0 /NaOH of 1.5-2.0, 15M of NaOH concentration
and 75 C of curing temperature, showed a compressive strength ranged between 240-940 ksc which high
enough for using as normal and high strength concretes. Additionally, the compressive strength of geopolymer
mortar obviously increased at carly age. However, at the later age, it slightly increased or did not increase
at all for some mixtures. Furthermore, the replacement of natural zeolite at the rate of 60% by weight were

well-suited for both compressive strength and workability.

Keywords : Geopolymer / Flow test / Setting times / Compressive strength / Natural zeolite
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1" Graduate Student, School of Civil Engineering, Institute of Engineering.
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amdadudidanis

AN5199 1 aaﬁﬂiznawﬁnmamﬁmaﬁaqﬂs:mu

Materials Sio, AlLO, Fe,0, Ca0 SO, LOI
FA 43.87 26.33 10.81 12.69 2.74 1.23
NZ 75.32 10.28 2.66 3.95 1.20 1.41
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519N 2 AMENTAN MWD TR Tz

Physical properties NZ FA Sand
Specific gravity 2.28 241 2.69
Bulk density (kg/m’) 440 973 1,625
Median particle size (LLm) 16.17 17.60 -

(n) Flaladsssuma (¥) \ihasy

Ui 1 SEM vavdlaladsyaumnduaziinasy

PMANTWN 2 AAMNAWIWIZUALAIANNEYT  NIELAIHAIANNONIUWIZanaLUIzIUS DR 5
WHUDeD oladsssuend JAindu 228 war 440 WUaz3apas 20 MNEIRY LASEAIAMANRUILLLARRS
N/’ awasy SeidsiSeuisuiuiiiaeuiar  Uszanuiouar 27 uasisuar 73 muaey

200

¢ C : Clinoptilolite
Q: Quartz low

o
S

T A R R T O [

Lin (Cps)

;!I]fll}‘.\l[g\i‘-\.l

5 10 20 30 40 50 60 70

311'75 2 XRD 789 lolafsssneni UsEunm Clinoplitolite

3.2 daauNsNTaYd lonaAmaTNE TN
dodunsaosilowsdwaineiislidlelad vty 1 Falue wazaniseuiseesiiet
sysumnfunituinassaraz 0, 60, 80 WAz 100 wiviu 24 Fala nndamsunan Tasvhnisusi
Tagniwmin ldandumseieagussamiviniy 150 muBndwasigg fifwaspanuamnsavnaulduas
srpzimi isateiamisumsLssUfisendatg fsosnesilawaRunua il
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1) Series A : wdstumusasdmlaniminues
Na,SiOy/NaOH wifu 05, 1.0, 15,20 Uaz 25 low
Tpnudadusaslnfonlaasenladuiniy 15 Taas
gunginisisajiiensasiedwiiniy 75 89
wadus  uatnasauidadafissur A sty
7

2) Series B : wsiumusasamlaniminues
Liquid alkaline/binder 1infu 0.40, 0.50, 0.60 LAY
070 lasldanudinduveclaiivalansanladivindy
15 Tus§ daandasiminoes Na,Sio/NaOH
Wiy 1.5 gumpiinisissidenvesianewiniy
75 poANTAER uaTnAReUMAISRTisTEL LIS

Uuviniy 7

35

3) Series C : WUsHUMNANNDTNTUIDIRTRLAE
Indunlansenled (NaOH) Winiy 5, 10, 15 uay 20
Tuan$ Tasldnsnsulaeiminges Na,Sio,/NaOH
Wiy 1.5 grunpiinisisedjienvasimatimiiiy
75 BOAWBALTE warnaRaUMEIdaTistuLIaINTg
duwiniu 7

4) Series D : WIAUMNIZHZIAINTUN DN
FlonweAmoTueiiSivindu 7. 14, 28 uax 60 fu

5) Series F : WisAumudnausad Si/Al (S/A)
Wity 167, 375, 512 uaz 7.33 auaey lawld
anudintusealofonlensenlsdvindy 15 Tuans
saranlauiminyes Na,SiO,/NaOH Wiy 1.5
wasnamauidednfiszus A sty 7 fu

MW 3 FadunENYeed lawaRise e S sAuUsiumansununluidase

Mix Proportion (g)

Mix ID.
FA NZ Sand Na,Si0, NaOH SIA*
16M-FA100-1.5 400 - 600 120 80 1.67
15M-FANZ60-1.5 160 240 600 120 80 3.75
15M-FANZ80-1.5 80 320 600 120 80 5.12
15M-FANZ100-1.5 - 400 600 120 80 7.33

wBwg * AdRsaau Si/Al savianUsEay

Fuanualfldlueuidefiianumiissed 15M
Aomnudinduredloifvalensenled FA100 A
saunaNAIUANT HihaseTionum FANZ60, FANZSO,

FANZ100 fannsunufizesdlalafsssueniluiinaey
Sawaz 60, 80, 100 MNEGU WAz S/A Apdnsnau
209 Si/Al 989iaaUsEaY

M5A 4 SRTEUNANYRYT leneAimeTue i SRuUsAum BRI IR Na,SiOy/NaOH

Na,Si0,/NaOH Mix Proportion (g)
ratios Binder Sand Na,Si0, NaOH
0.5 400 600 66.7 133.3
1.0 400 600 100.0 100.0
1.5 400 600 120.0 80.0
20 400 600 133.3 66.7
25 400 600 142.9 57.1

3.3 ABNANUAZNTNANALADEN
miwauﬁw‘luqmﬁgﬁﬁmﬁmi:wiw 25-45
asrnsaies e linonrdasiuanmeIMALsEINAlNY
ua:m'swauL%uﬁuﬁuﬂﬂqnmﬁﬁ:mwﬁaqﬂs:mu

funselvidniuf Ussanm 1 i vasanduia
gssasawlaiiondanauaslsfuslansanled &5q
wAINENBNUSZI 10 WA
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MsnasauANsinaukeesd lenadiuasuaseng
ANNINTZIU ASTM C1437 [8]

NMINARBUMIANSEBENINBMYedd lanadines
1933 TasvhnmsdauasiSnmaaunasnnsg
ASTM C191 [9]

MInasauMaIdneed lewadiaainasss au
NM3§1U ASTM C109 [10] ﬁawqmsu‘u Wiy 7, 14,
28 uaz 60 Ju laslfuuuenasiazuin 50 x 50 x 50
3. naeMatwd lanefeinaiims

4, Namswmammz’amﬂ:ﬁwa
4.1 aNBWaTEYNIEIU Na,Si0,/NaOH
MINASDULYINUANARTEIU Na,SiOy/NaOH

e
[~}
o o
S ©

. —#—FA100 --A-- FANZ60 —¢— FANZ80 --o-- FANZlDOi

g
o

Compressive strength 7 days (ksc)
e N @ v
8 8 8 8
- >

500 V
A 3

400
300 | ,
200
wf Mo | _ 1 |

[ T @-=sanssnanaas @ - '

0 . 2
0.5 1.0 15 2.0 25

Na,Si0,/15M NaOH ratios

uaeldrmnuaudadussslmiualaasenled 15 luas
namsmassufouansluzufl 3 wudehaedauas
mmmmsnﬁwmulﬁ%uagjjﬁuﬂ%mmaﬂ’mﬁwﬁﬁmm
wasUSnunsunuiglaladssnmd nafouusliia
gaavsinailmiealaasonledianniugoiaa
gansoviwnldianas denndeeiveuide [4,11-18)

deRansaunfermdsdauasmslnawsiiinuns ey
WU Adns1dm  Na,SiOy/NaOH windy 1.0-2.0
YSumsunuii¥euas 60, 80 diddedawindy
240-630 Nn/ou° WRTAINITIAUH fuTauas
43-60 uAniRfigaRESASI8M Na,SiO/NaOH
Wiy 20 USnansumiiidesas 60 Sdmasda
Wiy 630 nn/am2 wasAnsiviaukvinduiesas 52

160

140 || OFA100 OFANZ60 @ FANZ80 uFANZ100

120

100

Flow (%)

1.0 1.5 2.0
Na,Si0,/15M NaOH ratios

31Jﬁ 3 AnBNaTeednIEIU Na,SiOy/NaOH famadnuasnslraus

fidas1aan Na,SIOyNaOH winfy 05 nsunuil
w8 loladsssuminonuaiansinauniia usid
fdodation dunsunuiighoisesionuanyin
nsuanAaudpIndonaliianisinauniten
Snonnsvanneisasuunngna i LMoy
daibuiudnsdnudug

fismsdu Na,SioyNaOH Wiy 25 msunud
iudlolafsssumivonaadansinausinerinenls
ilo9anU3anni89 Na,SIio, fanntuvinliaunes
faunilanntu  Snedhassaanasidaiiivy
Sty 20 uwinmsunuisedlsladsssuei
ﬁv’wumﬁuuﬂﬁuﬁa:gu"ﬁumuﬁ‘%mmmm Na,SiO,

fandu [19] FauMIUURF L asEaAiiAY
Mslnauniia uamdedasaasdiofsuiusasaiu
Na,SiOyNaOH winfy 2.0 atglsfina maunui
fudmeuiomasiinisudeniisy defiansanan
NITUIUNITHAN
nnguadnefunaaguldirdninazesyinm
gsazawlofondainadelnifonlaasanlofiiu
Sniladevioiinadadhasdn 1fasnasazans
Todeadanaiusifisuiinudanaulasenlsd (S0,)
widgunan fussszaslsdenlaasanladvimiing
mzLm%ﬁmua:a:gﬁmaanmmnmsé&oﬁu eyl
radfusnsUsenoudlavedwes oy Tasuualily
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Yinuveearsazaelofiondfnaiitesls
Armavdnaed lawedwasanas Tuvhuasiinatu
nsusySinalsdendinaludunsunniugdons
Teindedngoiu

4.2 AnEWaIRIER5I8U Liquid alkaline/binder
NMINAFBUAKYSHUAINEATIEI  Liquid

1200

[| —%—FA100 --A- FANZ60 ——FANZ80 --® - FANZ100

g 8

88

£88

Compressive strength 7 days (ksc)
B g
8 8

g

0.50 0.60

Liquid alkaline/binder ratios

37

alkaline/binder wamsnasouFausaslugil 4 wui
gaauTavmaIfaTIaUIsauLAs YT
mMsunuiivesdlaladsssusfdonanarrmaedn
uarANEINIIYeUld  naAeaNEINIn
ﬁwuwulﬁl,ﬁu%uLﬁaﬁmmmumaammﬁiﬁaaﬂﬁ:mu
Wisduuseiddaanas sonadasivenise [4.11-
13,15,17]

160

140 F OFA100 OFANZ60 B FANZB0 B FANZ100

120

100 |

80

Flow (%)

60 |-
a0 |

20

0.40 0.50 0.60

Liquid alkaline/binder ratios

UM 4 BvBwavesdnaaiu Liquid alkaline/binder Aaraednuazmsivaun

dlaRansanderidedauasnsivauniiansss
wuiridass e TagUsea Wity 050-
0.60 YSanaumsunuiidoa 60, 80 SiArdedainiy
240-580 NN/BNS WaLAIMIIaUNSDURS 46-84 WA
amziifiigaResasusama e oS
050 Y3wumsunuiisers: 60 Hamasdauiny
580 nn/aw? wazAsivauiviniusosas 46

fidasdussanansefagUszaminiy 0.40
nsunuiigedlolafsssumtonuninusaman
TdiRInaRBAINFDIN1TUBIRIUHANFINA LH
saunanlifuileffunassndenimaaiatng
RUTIEETITI L PHIT SRR AOPIT EOV T FRTE R
wisanaawalianslnauniaesnan  Bni
daunsnlaifudaiferiuuazendenimaniiagng
muﬁﬁmwmummmmvim”m»]ﬂitmumr'f‘u 0.70
faunsndanumaanngdenalidnislnauiige

wriilafansanferndsdauaseudszana Sasraail
Tivsnzaugmsumailyldou

waneandl neudde (5.17] IfimsTideaguls
Fansiitadussasazarsludunsaihliinlngg
ffoalnntu uasdswnlnsefianndu Fodonals
indedntiouas Tuiusafienty W/C sasnauniaialy

4.3 BNWaTRIANLITNTY NaOH

NInAFBURLYsHuAINA M N duD
gsazawlaifvnlansonlsd wanmasaURILER
Tugtil 5 wudhanadndusedlsifoalsasenled
uazvUsunansunudivesdleladsssunfdenans
AIMAYEaLAAMNENNNTIULY  Feaadaty
WAy [4,11-15,17-18] nanAemaedaiuualily
gotunuaudndusdlmifenlensenlsdiigedu
PR AR eI (A LGN
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1200
1100
1000
900 |
800 |
700
600 |
s00 ¥
a0 |
300 g
200 }
100 |

|| —®—FA100 --A-- FANZ60 —e— FANZ80 -- - FANZ100

Compressive strength 7 days (ksc)

5 10 15 20
NaOH concentration (Molar)

M3EFIT USRI Nas. D7 34 atufl 1 unes - funes 2554

160

OFA100 OFANZ60 @ FANZ80 B FANZ100

140

120 |

100

80

Flow (%)

60 |

5 10 15

NaOH concentration (Molar)

31]ﬁ 5 ndwaravnNtadu NaOH AoraasdnuasnIsimams

WeRansandearidedauaznmsinauiiimanzas
wuinfianafidnduveclfonlansonlodiviafy
10-15 Tua1s USaaumsunuitiesas 60, 80 didn
fasdaminiy 220-580 nn/oa’ LazAINTIARLK
$puRy  46-79 LLﬁim'szﬁﬁﬁqmﬁaﬂ'gmLﬁmﬁumaa
Tndpnlensonladivindy 15 Tua1s YSunamsunui
Fouaz 60 AAMAYAAWINAL 580 nn/sa’ LAzl
mMslraunwinfuSouay 46

4.4 INBWAVDITEHELININTUNAIDLS
N1INARBLARUIHUTLHELIAINITUNFIBEN
sauanslugUil 6 nansnageuwyin MdednRuualii
ga‘ﬁuamasmﬁﬂwﬁwLLsnauﬁa‘sw:nmmiﬂuﬁmq
7 $u visamiuinnswasunyasidessnnvieldiliian
Fompandpaiua iy [4-5,13-14,17-20]
Towaunfgnidiasuamdiosnnsldeanduiu

1200

valoidivalansenladfigaibifinisviisuiinmg,
wipnaflansazapuwdudiihujiolinue uas
frudnsazrssasazaeifnnunidari dneu
Tosearefiennamqu Bnisaavuniiuzeslaseaing
Taildunnsneanfiangnisus 7 Ju senalimasdalaid
mimﬁmmmmmnﬁmﬁaLﬁwﬁumnmuﬁyjuﬁmuﬁ
e taguasleawiiisuelnsednas gonald
AN LU ULAN TR A S oAt [22]
swsunsunuiichedlolafsssusd wuindlalad
ﬁﬁuﬂmﬁﬁﬁmwmsﬁwﬂﬁﬁ%mﬁﬁw [7] f9uInaeg
sruzmaInLnealdfinisiUisunyasasidede

ad o

fiumin Tevauudguidleladsssudfisninis
ﬁwﬂﬁﬁ%mﬁ%ﬁ%ﬂuﬁmmﬁzU:nmmsﬁuﬁmnﬁu
Lﬁa'iﬁﬁﬂﬁﬁﬁﬁﬁﬁ%mﬁmyid’ﬁu [19] Foewivod
FnasneReUfesruzianINTUNT 60 Ju doriu
FuduspedneiisniniioBusunanimaseusisly

1100
1000

I T—l— FA100 --A-- FANZ60 —— FANZ80 --@-- FANZiODE

Compressive strength (ksc)
[+
=3
o

[} 10 20

30 40 50 60

Curing time (days)

7UN 6 BvBwarevszuzIAIN LN AR
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4.5 BnBWaYp9dRIIEIU  Si0,/AlL0,

mMnaNMaIsnesd lowaAimasnasinsis
SIUHENTDITAIINIU SIO/ALO, AuANFSiY Wi
masdnasnnaunauinisiauistesiaialy
Freusnuasiinsilsuudasiisadntiosnialaif
nsaelugeglay (23] uanmnﬁuﬁawmmn
SIUNTNTBITAIIRIU SIO/ALO, Fuansafusiing
Safuansinafuatnetnlay Fouaneindnsiaiu Sio,/
ALO, AUANFIIAURIHANTENUADANEITABEIININ
FDAARBINUIIUINY [18, 23]

si:Al=1 Twdlwozian (PS)

Poly(sialate)

-8i-0-Al-0O-

si:Al=2 Indlwozian
layaonTa (PSS)

si:Al=3 Twalyozian
Ialasaenle (PSDS)

si:Al>3 lopzianifonunanu

Poly(sialate-siloxo)

-Si-0-Al-O-Si-O-

Poly(sialate-disiloxo)

-Si-O-Al-0-Si-0-Si-0O-

39

Snveanaudde (18] delnaninininlaseaine
wuulndlzezianlzsasnly (Polysialate-Siloxo; PSS)

aaa a

fidasnsiiaufiserfiisandnlaseairouuulng-
Tzozianiiiuuuy 2 A8 uazlsesianifansineiu
dougaaluzuil 7 Felaseairouvulndlzeziani
Wuuuy 2 88 warloesiamdanzineiuatiia
UfAzunfidandn  Senenadaefveruiduidaing
unuiidlaladsssnmdluiiassiasas 0, 60, 80
ez 100 Adn3nau SiO/ALO, Wiy 1.67, 3.75, 5.12

WaY 7.33 AUATGU

oSolen

SiO, \b/,uo‘
of\(g.»cx@b\\i.o
& Yy
& N & ¥
.-;go—o:; :iz-s-o_

Ui 7 TassaSwnmadeniuszaaalwilzezian (3]

Laia 1IN INNTELIUNSHEN LA HANARBUNNS
Tnaurzsne$ong ludassiunuingnsidiu S0 /ALO,
fgedidnsnsiinuisenidnindnsisan Si0/ALO,
fidni Feuaaeionisunuiidaedlelassssupifly
frunantIsiingansaheuleRity eeniing
muﬁmﬂﬁﬁ%mﬁ’ﬁwn'jwmiLmuﬁﬁamﬁmauﬁu’wm
wifirdsdatanndt Fetumailyldeusiiudas
Lﬁané’mwmuﬁmm:auﬁqﬂ

4.6 5TULIANEANTDIT lawaAINB NSNS
NISNARDUNIAITEBELIAIN BRI UAULRE
stuzianamgavnelaNE B 19NIN \iaveuen
femuansavneuldnsd lowsdiuad uanain
nasaunsinaudzaedlewsdiueiuniing oy
namaaauATet indaLLaINANATIIL ASTM
c191 [9]

5%

a1597 5 STBTRNEMITedE lanedluesua$ins

SzEEIANa7 (W)

Srynansnl — —
Bacu gane
FA100 25 47
FANZ60 142 169
FANZ80 178 213
FANZ100 357 449

185
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OlInitial setting time H Final setting time I

Time (min)
w
=3
=]

50
o L —

FA100

FANZ60 FANZ80 FANZ100

Replacing (%)
31Jﬁ 8 srurlmnaMIANAULALSEBZIRNBMFATINY

HANINARBUWLIINS UG anu e
N332EERINIRBMATIG Fuaaslunsed 5
u,azgﬂﬁ 8 Fefiszpzminiafuiudiunarszasing
ApfIgavinyindy 25 uaz 47 Wi aunudide
Flalafs50m A IUEUNFNWLIEINT0HATEBE L)
n'aﬁuL‘%Nﬁuua:sw:nmﬁaﬁ'zqmﬁwmn'ﬁu Fofidn
srpzamefindunentsunuiidlolafisssnsah

2500

2400 4 OFA100 OFANZ60 @ FANZ80 = FANZ100

2300

2200

2100

2000

Unit weight (kg/m®)

1900

1800 =
0.5 1.0 15 20 25

f\'aZSi()_,/l SM NaOH ratios
(n) dnEWaraIsAINEIU Na,SiO,/NaOH

2500

MIETITBUAWAUN Ne5. T 34 atful 1 uns1ew - funaw 2554

Tuidhass¥ouas 60, 80 war 100 Wiy 142, 178
WAy 357 W d'zu‘szﬂ:nmdaﬁaqmﬁwumaammwuﬁ
Flalafsssumdluidiassiouas 60, 80 wuay 100
WAL 169, 213 LAy 449 U

N UITEed [19] I8vin1s@nsn Strength and
setting time of low calcium fly ash based geopolymer
mortar flszHEIAINBRISNAULALILBLIIRNBM
FOVIBYINAD 129 LAz 270 U Foswdduiifiszoy
L':mn'aﬁ‘hL%"uﬁuuam:ntnmﬁaﬁaqmﬁm%n'jﬂmn
%aawLﬁuwaLﬂaomnmﬂ'ﬁl,ma'oﬁmma\ﬁaqﬁ
LANFANNU [24]

4.7 mihmiwiinzasilewadweSuaieng
AmasdmdnoesilowedineSue s g
HUINUANNKNANIENUAIY wuiAmasmgng
wudltiuasaaiesg Waunuidloladsssuendlu
faunaNzed lawadmasuasfnsifivufunisunud
Fuliaeuarxe oﬁ’auﬂm‘[ugﬂﬁ 9

2500

COFA100 COFANZ60 FANZ80 ® FANZ100

2400r-}'

2200

2100

Unit weight (kg/m"*)

2000

1900

1800

0.50 0.60

Liquid alkaline/binder ratios

(1) BnEwaradnII&IU Liquid alkaline/binder

FANZ80 m FANZ100

20

NaOH concentration (Molar)

(@) Bndwazasanudniulmssulansanlod

l OFA100  OFANZ60
2400
~
“2 2300
E
=
< 2200
=
‘T 2100
z
E 2000
=]
1900
1800
5 10
T
5Un 9
U

miimiineesd lowedwe Sua i sanwansznusingg
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Wafinsananwaniseassuaguldiinisunud
Floladsssumludunsanaiapwinduusldw
anay  waziinnsunuiidlelassssusfluidrass
$puaz 60 Laz 80 Amavdawnzanwinisunly T
Sniraifludnnilonieidenfiurauladmsunswamn
Flawafinasuiain

4.8 ANAANNUSTENINAMNAULAEANLATEA
093 lawpAluaiuaifng
WaRasnanudnRussEnI AN uLEY

anaaIeeeed lewefweunsig duuancluguil 10
pudiu linzeensmAaNNtuanaoas AN LALE
AanasuArNASERfiAwntueUS i umud
Flaladsssnmfludasufinsnndy Tasdnwosidu
niwadenisluaiaiedeiuasuniaviall uay
woAnTINNITUMasdaveed lanwediuafuassi5lu
ProdusuidnwunidunuuiBadu (inear) auﬁaﬁgmﬁ

1200

FlonwadmasuasimssuusenadaliUssunuionas
40-70 waurdISaUsEaY e ndunTIMANNENRUS
FEINAMHLALLREATNIASDAT AN YA TEoNNT Y
uaslineuLAN¥1ILENG (microcrack) agveLiiag
LLﬁiLﬁaLtidnsxﬁwgoﬁmaaLmn%’na:Lﬁmm:mmﬂm}j
HINTURATNLIIANENTUSTENI19ANLEULAS
AuAsEafinwlENIN Ty aunsssinnaaRay
Wans30h uenamiudonuin Flawedweiuasing
Nniiasuionualudunandeimdodngs wui
lafieyardednysedehasdaduualinanasetne
et uasiinnsidRsdegunsnaz uiiviule
TunrensefutruduiTenadmesuasdsvaanis
wnuidredlaladsssnafluidrassdeiidaesa
sndnslddasronsalusunauwyiiaosa
fuwliuanasdwdng uazildinueioage o
waaeinfianuwmidolunuauny (axial ductility)
Tigotiu

1000

1100 ~| —&—FA100 -4 FANZ60 --o--FANZ80 —O-FANIIDOE

900 |
800
700 |
600 |
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400 |
300
200 |
100 |

[}

Stress (ksc)

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

Strain (mm/mm)

UM 10 ANNFNRUS TV ANNFULATANNATEATEYE lawa AleSup Sing

mngﬂﬁ 11 wuddnsuznsITRd lewedines
w33 ITRRatuldiesmanuus Aeuuuidou
MiogUnTI WuuiBnvisuuInse uazuuuszida
"SaﬁuagjﬁuPhﬁwa"\aﬁmaﬁiawaama%ua%ﬁﬁ T
Yunaunsunuiizeedloladsssumdludiaes wui

v o

Flowsfinniuasiindmaednaluze 100 fi 700

a wa A

nn./2u.2 ﬁﬁﬂym:mmummuLaauw'%agﬂmm 1530+

v o '

Flenadmasuasisnimaedned luze 700 fv 950

C1]

2 A a wva a

nn/an? fansaiemsiviuuuszide dauansuens
ARuuUH NS euuInssreed lenedime unsin iy
foufusuiosrssnismasaufagoontn wenan
Fuonuirdnwusnsdtiivesnisunuiisedlolad
s5snpAluLdaepiuur Iaidn1s3rRuuudeu
wiaguUnTIm Wpsanfimdsdadisnuasiinnuwmiles
Tunuannusinninistdidiaspionualugiunss

I IUANN TN UST LI NANN AU ANLASEA
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SUR 11
u

s

Tunimma@LﬂiwzﬁwumwiamsLﬂﬁﬂuuﬂaa
susvuaznsATRlasldusafoamunisluuazuse
Sawmiien (cohesion) ﬁ:‘niﬂaagmﬂiu‘fﬁ@‘ﬁu aguﬁ
Lﬁmmﬁﬁﬁ%\lﬂﬁmu 45 29A1 FULUITIWATNT
sansnfigallilasld Mohrs circle udyndans1ay
Wi function ﬁmgmaammLﬁﬂmwwunWUTuizwdwa
symeluiagiin Taviluusarmzesmiiionsidh
maaﬂaun%‘ﬁwﬁaua%ﬁﬁﬂ%iﬂlu%muﬁl,ﬂuiaQ‘Ui:mu
a:agﬂi‘[u%’ua 50 &9 60 p9AN WARMSLIATUASST
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