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Abstract

This research studied effects of Ca:5i and Na:Al ratio on compressive strength and
microstructure of high calcium geopolymer. The objective is to guide the mix proportion
of geoplymer to provide good mechanical properties. Fly ash with high calcium
content and microsilica were selected to be starting materials. Concentration of sodium
hydroxide solutions at 10, 15 and 18 molar were used. Microsilica was partially replaced
fly ash at 0, 5, 10, 20 and 30% by weight of binder. The compressive strength of
geopolymer pastes were investigated at the age of 28 days while microstructure of
pastes was characterized by XRD technique. It was found that the ratio of Na:Al between
1.41 and 1.78 gave a good compressive strength results. Using Ca:Si ratio in geopolymer
which provided high compressive strength was depended on percent replacement of
silica and NaOH concentration. Thus, the factors effect of geopolymer to obtain high
compressive strength were starting material, NaOH concentration, percent replacement

of silica source and water to binder ratio.
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2002) Taseasrovesilenawes Tnenallvesilalndwes i 3 Taseass liun Tndlvezan
(Polysialate, PS) Tndlwa:ianluaanly (Polysialate Siloxo, PSS) uazlndeztanlalaasnly
(Polysialate Disiloxo, PSDS) AfdndmasA SiAl whiu 11 21 uaz 31 My
wudmsiiuduvesdanen vnlnlaseasvesslelnawesuiousedn (Phair, J. W. and
Van Deventer, J. S. J., 2002; Davidovits, J., 2008)
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uazAnwmlasuasonanoasianmemaiin XRD

msnauIlolnaues

Alalnaweslannmsldnauiunannululasgam ldssazaeloneulansenlon
fudswasuanududu 3 M ldua 10 15 waz 18 Tums dielfianmsulswasumsasdiu
Na:Al wasunuiiinawiumelulasdam eliiemsulsiaouasnadiu CaSi dousns
fomaon 1 lunsainldanuduiu 10 Tuas ssunuiieiumelulasdamdesa: 0 5 10
20 wa 30 Tngiwiin uazasailinnuduiu 15 uas 18 Tuas ssunuiinawivmelulasdam
Sppm: 0 5 10 wa: 20 Iagtmin lumsinminioi liensdinzesuioroveomaimiu 0.55
yndadunan  uwazimsniunanilelndwedidunm 5 Wil ndumasazaenauadly
WUUNRBDUIATURIUAUGNAI 3 LTUALIAT §0 6 LTUALNAY WoAsuniloiurinnsaenuuy
uwazvumetemenaaAniusnmaea sl iigamaiivies suns:iiegmotsAsuAmMLALaY

mavagevilelnawesuazmsAnmansarlassasomegann
1. MmavngeumMavenzasilelnaies
Tlelnaweilinaseumaanluurinzeeiidiua 5 fou Anmmdssazesiloawes
floe 28 Ju uazAnmanvalassaiumegamazesilemawasvasiiatheiiony 28 Ju
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nulnamAulifmnaessmreuMAwiay 14 lupseu wudimsanswindislidiandiy
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femafia XRD dougnofoguil 2 wudnimuiufiesAdsznevessdmiidunin 1éun Quartz
(610,), Mullite (ALO,.5i0,) uas Hematite (Fe,O,) (Somna. K., 2011) LLazﬁiauﬁLﬂuaﬁmgm
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Tard) Govas) Govas) Si:Al Ca:Si | Na:Al
100 0 1.54 0.53 0.99
95 5 1.76 0.46 1.04
10 90 10 2.00 0.41 1.10
80 20 2.56 0.32 1.23
70 30 3.29 0.25 1.41
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95 5 1.76 0.46 1.56
15 90 10 2.00 0.41 1.65
80 20 2.56 0.32 1.85
70 30 3.29 0.25 2.12
100 0 1.54 0.53 1.78
95 5 1.76 0.46 1.87
18 90 10 2.00 0.41 1.97
80 20 2.56 0.32 2.22
70 30 3.29 0.25 2.54
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MIWN 3 ANNENRUFD0IAIINTIEIU Si:Al Ca:Si ua: Na:Al Aomaudnneit 28 Tu
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Na:Al 0.99 1.04 1.10 1.23 141
Compressive strength at 28 days (MPa) 8 8 8 9 10
16 - 0.60 16 2:5
— SiAl AL
@ 14 —m—Casi | 050 3 Y anaal |,
C o & 12 ©¢
E " L 040 § E " 1_52
§ 8 F 0.30 § % 8 g
3?%/ 6 + 020 Q ;g 6 [ szn
aé 4 = a§ : osé‘
= L 0.10 =, :
04 0.00 04 0
1.54 176 200 256 329
(1) dm91aIU Si:Al () 9NN Si:Al
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Compressive strength at 28 days (MPa) 15 9 8 6
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flony 28 Ju wuindledinlulasgamiinliensidiun CaSi luszuvanas Ligowalirmmaodn
Wugeiu wamsnaseadululufiemadsiuiumslinnuduiusesladeulansenlafuiiy
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FlolndAwesmannfimaivdanilusuuasilifignsuinnnduilidonaremaosn  unazli
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(305i10, 20Si15 uaz 205i18) wuanuldilunaninnnlulasdanuAuin Fougnamemsiin
masnAIesiin (Hump) Tudas 20 -40 s fiyu 26 uwazwuanadundniiosnd
dlefnmmotoilimmdsdngofign (0Si15: CaSi = 053 Na:Al = 1.48) (uimas
alufimsunuielulasdinualdanuiniuseslaionlonsenladmiiu 15 Tua1s wud
anudundniifinanasusznevetuinnuuaziduesiniinnulidundn (Hump Peak)
aglutao3:na1e 20 f 40 eor Ay 260 deiiia XRD dilaunSouidisuiuiia XRD
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XRD woslulasdan dansudululdimsunuihsmiuiislulasddnianuduiug
Lulasgamae: LU Rseniuasmomufodhmuin Wedaiumsusznevlnifidmaremhaosuussn
donalviilulasdanndenyluszuudouanafonases XRD uazhliimmidsdasman

MIWN 5 ANNENNUSDRIAIOAIIEIU Si:Al Ca:Si uaz Na:Al Aamaudniiay 28 u

Si:Al 1.54 1.76 2.00 2.56
Ca:Si 0.53 0.46 0.41 0.32
Na:Al 1.78 1.87 1.97 222
Compressive strength at 28 days (MPa) 11 5 4 4
R 16 _StAl-o.()o = Z —iAl 25
g ! ~8-Casif 050 & L2
g 2 E @e
S 10 0 a g 1 15 %
H) 2. & . oo}
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020 ) Z
ag 4 PU?) ag 4 L o5 2
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0 T . . - 0.00 0 y y y -0
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(M) ()

U5 dvenvesilelndwesanusninlafienlansenlen 18 Tuas Ney 28 Tu
() NOMIIFIU Si:Al NULANMIINUKAZFUNUSAUAIBAIIEIU Ca:Si
(1) NOMIIEIU Si:Al NUANAIIANLAZFUNNUSAVAIOAIIEIU Na:Al
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30Si10

CompressiveStrength 10.14 MPA Compressive Strength 578 MPA

Compressive Strength 818 MPA CompressiveStrength 14.97 MPA
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20 20
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1. Annuduiuzeslmfenlansenlad 10 Tumd msunuiiauiumelulasdam
dawlialenawessansasumassnligedu wudifie Si:Al = 3.29 Wiamiaesn 10 waz:haa
fiog 28 Tu

2. firnudndusesladenlansonled 15 Tumd  wasgonimsunuiinmuiiugie
Lulaszanwihlnilendwessumddnanasesiomn  mmaseaiigoaniinlnesdunaudlid
maunuimelulasdanm ldmmaseniieny 28 Juzesilelndwesililudeulansenlan
ANUDNEN 15 uaz 18 Tuas i 15 uaz 11 wnzthama

3. ondn Na:Al  weonanudndusesldfsulansenlaanunmsaivauliga
agluzag 1.41 v 1.78 delimumnsasummasanldia

4. menadn CaSi Ndswanaidsanvesilelnfwasduogivsosaznmsunudl
inawdumslulastamuazanuindusesladenlansonlodinld

5. anwmslassaSomegamanufinsiiandndndlndfiniuluszuododiuld
anmaauuaslassasozes XRD andnsazanuliiduwdnigenowulusooiim SiAl go
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