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Influence of Fineness of High Calcium Fly ash on Properties
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Abstract

This article presents the influence of fineness of high calcium fly ash (FA) on properties of geo-
polymer paste. The high calcium fly ash was classified according to its fineness, namely, original fly ash
(OFA), classified medium fly ash (MFA) and fine fly ash (FFA). Sodium silicate (Na,SiO;) and 10-molar
sodium hydroxide (NaOH) solutions were used as the alkaline solutions in the reaction. The Na,SiO:/NaOH
ratio of 2.0 and the liquid/binder (L/B) ratio of 0.60 and curing at ambient temperature were used for in all
cases. The results showed that the setting time decreased while the compressive strength increased with
an increase in the fly ash fineness. In addition, the microstructure of MFA and FFA was denser than that
of OFA. However, comparison between MFA and FFA indicated that the their mechanical properties and
microstructure were quite close. The compressive strength at 28 days of MFA and FFA geopolymer pastes

were 56.2 and 56.9 MPa, respectively.

Keywords : Geopolymer / Fineness high calcium fly ash / Setting time / Compressive strength /

Microsturcture.

Corresponding author: Email:yim__kachan@yahoo.com
Lecturer, Program in Civil Technology, Faculty of Industry Technology.
Ph.D. candidate, Department of Civil engineering, Faculty of Engineering.

Professor, Department of Civil engineering, Faculty of Engineering.



NITITBURLIU 195, TN 36 aUuN 4 ganaw - SunAN 2556 401

1. uni

Flolwawes (geopolymer) \Huiagudenszau
flgsuanusulanarfinsimuisgedeifios e
dumadenlmilununeads FlelnfwediduTag
donvseausilalnifinswmunienaununisls
Yudiud isvnnideiludastunsunsniniliv
fAmssedowindon nandslilindsoulunsnanige
wazlidesfiansusulasenladgussennia lnedle
Tnawesfuianiildannisnasiagsminesgfiluda
inafuansazaeafifiaadaduge 1wy asazans
Toideulansanled (NaOH) srsazarslwunaidos
lamsanled (KOH) asazansluifondaing (Na,Sio,)
WiassaraelnunaFandang  FensurunsHan
Felwawesfurunsonanlévislugunginfualy
AnwsauiiiaisenaiiaUAse S 1]

Tuﬂ‘s:mﬁl‘mﬂi’a@ﬁg\iﬁuﬁﬁﬂu’lﬂunizmumswﬁm
Flolwawesldun whass daduiagwassliiainnis
wannszualnfiranlsalufinuaiinne  faniasntie
ﬁaﬁum‘sﬁ’ﬁ'ﬂqwaaﬂ‘lﬁmnhamuqma'mnisuuﬂﬁ
Yslomizadunmsanilumsdedouinden sy
Tagifloefsznovwoedan ozgfiun uazueaidus
Hunan anseeuase Chindaprasirt et al. [2] WU
PifsnumasfivUstann 3 i TesUnfudn
nassluyszmalneazididududniuduasfiysann
wasidunoanlafluliinuige Feldsuaiudon
WuaghemnlunsiludunuijudimudleSauaud
ywa [3] leedfimusnlafiinddednmdeansifive
iassuaaiBangslunisninilalnfimoswudng
auTATAluNHARTalwANeS [3, 4]

Tosundudqdufisansuinnsldiinassiifany
azidpaaunsoimunantfvesraundald (5] fas
SavavnasfSiintunuaNazBuazaainassiiie
Wisuisuiuiassfifianauvsiuainnit 6] wus
WeaduanTRgudug ity AesINITienu
THuazmsnafsansalSudgsand@sonalaideld
ANNaLBEATINNNTN [7] 9N3781UT8N Diaz et al. [8]
wuhiladeseg seadsesiuiinaseansfveeile
wdwes 1wy N19NTEBEITBIBUNIA TEALDEY

aufuiilaui (amorphous) fiuamefisrnaaunsa
Tunsifasen uenandiafuuiuyqeantives
Flelnawesigungiidnd (25 ssamoados) Fefl
anmudousemn Senszuumsadndudosisonis
\AnUAAswoedlalwdinasiie [l daurAnaged iy
dovldgunginisiseufisendszann 40-90 89N
wardea [9] winsunlUTHlusunedunaadei
Anuanuazgeen diuluauidedladnmas
dndwazasanuazidualinapsLAalBaNgIRpaNTR
gavilalnamasinadigumgiund (25 svraidus)
Fowanramasoviildsuarrelidnlainumuay
dnBwazavanaziBuninassuaaifongs Aniiv
Hudeyaidassulunawaunaufvesilolnames

Tusunan

2. Inquszasf

Andndnazasannaziduainassuaaldaugd
saantAzasilolndines Fofinasosruziaainis
fafl NANTULINAA LLa:Imaa%'mmoﬁ;ammao
Flalndwasinas

3. ﬂqilﬂ%ﬂﬂi’ﬂallazﬂqﬁﬂﬂﬂﬂﬂ
31 Sapil#lunsmasey

whassuaaiBangs (FA) [10] anlselwiin
win: endaantne Tasudsanuazideaiinase
sanifu 3 A Ao (EapBRILAN (OFA) Lf1ang
3PURIUATUNTILDS 200 (MFA) uasidnasiisou
HIUAZUNILUBS 325 (FFA) Tausiiansacannnedild
Tumsudnilalwdwes Usznaudsasasanalaifow
lansanlsd (NaOH) fimudiadu 10 Tua1s Tow

3 a

§198991M91398v89 Rattanasak et al. [11] NG
FoagUlihenudndussasaslaioalansenlod
(NaOH) 10 lua1s fenumunzanlunisszazany
Fanuarorgiuianidiaesldd wazatsazaiy
Tzfundann (Na,SiO,) (13.89% Na,O, 32.15%
SiO, WaE 46.04% H,0)
29AUIENBUNIILATTBILE RDEFILEAITY
A57 1 Wud¥oraruavaeAlssnauNNLARTRY



402 MNINTITBURLWAUY 95, TN 36 2ifURl 4 ganan - SunaAu 2556

Waeeie 3 sunalifuanseiu suTAnenienw
P9LE18D8UTENOUMEANNALLDUANANDUATNIDTDY
LAY (Blain fineness) LLazmmﬂaqmmaﬁﬂmm OFA,
MFA uas FFA winfiu 4300, 4680, 5100 Bx*/n WAL
155, 8.5, 7.6 1NATOU AINENY Fouaadlunsed 2
gﬂ'i'womgmﬁmnmimﬂmwéhﬂLﬂ%‘aa SEM 2a3Linant
W 3 ueddnsuznan Aoy é’ouam‘[ugﬂﬁ 1

A159N 1 a9RdsznaunannLARTadLiNany

N1INTEMBIUINDUNATRILERDUUTAIAIFUN 2
AMNWAATIERFULLLNTIREILUTIRIBnduaadin

] @ i o A & &
appnuIiaaeie 3 sunUsznaussauiduile
ufinfiys 25-35 9N wazaufidundnaasmand
(Si0,) unnilglawaslss (MgFe,0,) uaalss (CaCcO,)
souanslugUf 3

Materials Sio, AlL,O4 Fe, O, CaO MgO K0 Na,O SO, LOI
OFA 29.32 12.96 15.64 25.79 2.94 293 2.83 7.29 0.30
MFA 2755 12.28 16.14 26.91 291 - - 7.85 0.50
FFA 26.98 12.02 1547 26.98 2.98 - - 9.19 0.50

A1519N 2 andinignienwaeeiinasy

Materials Specific gravity Median particle size, dy, (LLm) Blaine fineness (cm?g)
OFA 2.61 155 4300
MFA 2.69 85 4680
FFA 272 76 5100

Ay

(m) FFA

3UR 1 FUsweyMATDIEADEIINMTENEANEILATEY SEM



Cumulative passing (%)

100

80 |

60

40

20 = 4 95 4N N . . )

/"
0.01 0.10 1.00 10.00 100.00 1,000.00  10,000.00
Particle size (wm)
Ul 2 guneyMAABTBNLiaeY
T T T T T T T T T T T 1

Q=Quartz
A=Calcite
M=Magnesioferrite

—_

g FFA

=

5

S]

Q

N

2

B2

=

&

=

[

[

NsasITeuaziaun was. T4 36 auil 4 ganaw - Sudnaw 2556

0

5

10 15 20 25 30 35 40 45 50 55 60 65 70
2 theta (degree)

JuR 3 sUkuMIREILUsRindoaaiiaes

403



404 MNINTITBURLWAUY 95, TN 36 2ifURl 4 ganan - SunaAu 2556

3.2 AMTIFIUNANTDIA Lo IWALNDSINER
dasaulunisnandlalndiuaSinad L4
RsaUIBIVRIADINAUTEAIU (L/B) BRs1aIu
fIazasloifundanaseaisazarsloifonlansan
1#6 (Na,SiO/NaOH) Windu 060 way 2.0 A1
f10u ndnsamnan laed1wdeeneiuidees
Phoo-ngermkham et al. [12] @sldin13seeulii
anTaIuIDImRIARINgUIEaIU (L/B) Wiy 0.60
wardandmansazaneloifondiinadeansazais
Todualansanled (Na,SiOy/NaOH) windy 2.0 i
anumazanlumInantanilolnames PuzSunay
msnandlalndmesinadusznavieiiasagniin
fuasaraeauasNaduna 5 wid lapais
sranslodsndanauaclofoalansenlofgnuasli
Wndunsuhlifiduansazareaslusgunan

3.3 NSNADUAIDEY
3.3.1 MSNABUSTELIIAINITADAMN
NANBUNNIABFARIE LalnAinaSIna s
w3avilaluanauainnIgiu ASTM C191 [13] 1
nansnaseuldaaisannimesey 2 Ao

3.3.2 MSNANBUNIAYON

madexetaienasaumassunsedaiy
VRN INNTEUIUNSHENLESILEWINNTNAIULTUA
50x50x50 HaRWMAT ANNIAT3IU ASTM C109 [14]
ﬁflnﬂiﬁaﬁ'sﬂﬂﬁuwmaﬁnw‘\‘iaﬁmﬁumigfylﬁﬂ
AN UDDIFIDENY ﬁaﬁaaﬂwa‘t’iﬁqmwgﬁﬁm WHu
AT 24 Flag FIINMINeALLLLAEYiaFIEWREAN
wazfiul¥iivievmuaugungdil 25 svrades qu
ATUBNYNTLN 7, 28 WAz 90 U MINANBUAIRY
Suussdamuanasgu ASTM C109 [14] Tapwanis
nagouldanadsanmmageay 3 et

3.3.3 nMamassulATIEIININganIA

n19e3eNFIagIaaaUlATIE1998NA
frundavganssAidiinasaunuuaeInsIneesile
Induasinad Lﬁan%uﬁ’;aﬂﬂaﬁagm\‘mmwaoma

gnurad [ddaiafedgne Slalndwesinadlviiu
fiouldng punadseNiu 3-5 Nadlung

4. wamswﬂaauua:‘imsﬂzﬁwa
41 STELININSHDA
SEULIANEAITDIT LB LNALN DS I ARILAAY
TugUfl 4 wudszezmisnesiidusiuzes OFA, MFA
ey FFA fawindu 30, 16 was 9 w1l wasssss
fofaedawindy 58, 28 waz 17 W1l NKA
MINARBULEA AU 8L IAINNIABMYaY  FFA
flszpzamanesfidusnidafiasunyioudioy
fiu OFA uaz MFA fsmsuszgndiinlylfuasenis
fisinamsaiisrundefufiliinifislfasnsomas
wuulfiina uanmni‘f’«nnwamsmaaummm@ﬂ
Tgd19zpzaainisnemiiuuiliuanaailaidrased
ANazBARNTY uaasidlolnAle SWaRRNY
Ug’jﬁ%mﬁﬁaﬁumumma:Lﬁﬂmﬁﬁaamﬁwﬁumwa
Tanuan1sarieuldanas iavainanuazidun
iihaesiigefituiiingeuazfanaiuideutimnds
naliEansafaUARGelETInETu (3] fewsey
Wioufuiihaessads (OFA) usnaniimsanaspes
izﬂznmmifiaﬁum'«vﬁa'quLﬁmmnmﬁamawaa
03181 SIO/ALO, [15] LarUNInasuARLTaN
sanlosluszuvvesdlelniwed [16] uanainiuaa
aziBuaiassiintunsasdonisfituiiianndu
Fougadlumsedl 2 dadunwamamaseuienuin
FFA flszpzinainsnesifisiadinindewsoudiey
U OFA uay MFA WiafansanuwSeuiieuivauids
289 Chindaprasirt et al. [3] WAy
LRININFEIATIAEINTININ B1alaenidase
FofudUsniuvasuaaidonnanlodiiuananofy
AADATLNTTLIUMIAS BN aneResy Felusuidve
299 Chindaprasirt et al. [3] #nsldidasadodinlu
fIUNENTDY MFA way FFA f93pway 60 uay 90
woSifud musdy Snieanneuidewes Rattanasak
and Chindaprasirt [17] #n133e91u313lolnAiue s
ANINENLULSIN (NaOH uaz Na,Si0, WaNTINiu
few) aelsanmahujisuninasinidlelnawes



NsasITeuaziaun was. T4 36 auil 4 ganaw - Sudnaw 2556

ffimsuanuuuien @nsvsasaiadie NaOH ey
imiufis Na,Sio, et liAnUAATe3lalnale
lsituzesianilelndwes) Tusussdeaiuiy
8908398289 guadnsal Saudnn wazIan

JuAUseiaiy [18] fdaolddnsaruzesansarais
Na,SiO, /NaOH Tuzg 1.5-2.0 avansanasiiiu

80

405

Flolnaweslén Fornnadesiuaudvedfiinisly
RINRIUTDIENTALA18 Na,SiO, /NaOH iy 2.0
nmsnafiinasimeiassunafongedlolniues
Lﬁaﬁmma:LﬁﬂmﬁLﬁuﬁumminﬁﬂﬂﬂizqnﬁﬂ%’[u
NugeNuTNVTeIUdug AFpensTreziaInIiaf
fivasa

70

60 |

50 F

40

30 F

Setting time (min)

20 |

10 |

O lnitial setting time

B Final setting time

MFA FFA

Geopolymer pastes

U 4 szpznanianedzesilelndwesnad

4.2 MAISULSIOR

ANMNRITULTITRTRIT o InALNBSINER 69
waANUAITNA 3 wudnidssnzeeilalnAmesinad
fuwlifuintusuanaaziBoadaseifinduatng
Fatau Tnpfifasiuusednfiangnisty 28 uaz 90 Ju
289 OFA #AWNAY 30.4 LAy 50.7 Wwnzithaaa anu
810U 2UETin&ISLUT98AT89 MFA Uay FFA 17‘1'@'1&4
n5UN Wiy 56.2 uae 56.9 wnziaaa visAadu
$puar 185 uar 187 Wasidudves OFA muafy
La‘i‘iamqm'ﬁﬂmﬁuﬁutﬂu 90 U WuINHMATULLIDR
Wnduingy 67.1 uay 77.9 winzthaaa niadniy
$puar 132 wuar 154 Wasidudves OFA muady
Fonpandpatueuddeiinausn 2, 19] nsRNTUDD
AfesuLsIsanNANaTBeaLitassaaiiosann
mma:Lé‘ﬂmﬁ'\aaﬂﬁgoﬁﬁuﬁﬁagaLLa:ﬁmwmﬁaLLﬁa

a

N’]ﬂddwad[ﬁﬁ\l’]uﬂiﬂLﬁﬂﬂﬁﬁiﬂ’]\lﬁi?m%’ﬁu [3] e
Wisnipufuiaeusin (OFA) denalviinanan
2093lslnAmes (NASH) iiindudenanndasiunanms
nasaumMaesusssaRidualtfisnty wenand S
MstnTussSnunananasdlalnaues (NASH)
war uealBuNdainalanmsn (CSH) viaumalduu
argiiluffinalainsn (CASH) aansntisusulgs
lasvaswyamazesdlalndwesilzuadnasnaly
sruurevdlalndesuasvimtifimiiausiasining
sonalANANLTILsInaTMdIsuLssa [20, 21]
N3t 5 ussvansurmMIAITRFlolnAwaSmad wy
11 OFA fidnwuzidouniagUngiy & MFA ua
FFA fidnwausuuussda Sednwurnsdifivesiloln
fwasmasuansionislianuaziBundaosfiisdu
ssaimunduilalndwesiaogals



406 MNINTITBURLWAUY 95, TN 36 2ifURl 4 ganan - SunaAu 2556

AN59N 3 Mdesnzadd lalndwasinas

Comepressive strength (MPa)

Normalized compressive strength (%)

Mix  Symbol
7 days 28 days 90 days 7 days 28 days 90 days
1 OFA 26.8 30.4 50.7 100 100 100
2 MFA 352 56.2 67.1 131 185 132
3 FFA 39.6 56.9 779 148 187 154

(n) OFA

a wva

(¥) MFA

UM 5 dnwauzmsiiRvesilelndmeinad

4.3 Tasea3nwyanin

HaMIATIAlATIE TN NYaIATEN AR
u,ﬂaLﬁﬂugo*ﬂﬂwama%maﬁﬁﬁmiﬁ’mmmmm
azidunazadinansuLARLENNEY é’ouaﬂﬂugﬂﬁ 6 Wu
rénsaulasadwaesdlelndweiandasei 3
PunalidnszaieiuAplsnaufuaynALinaeyY
lailAnUfA%e u,a:ﬁaqmﬂLﬁﬂaaﬂﬁoag1uLﬁamaa
sruudlelwawed wsnanddnwuslasea’nes

FlolwAesaIn MFA uay FFA fidnwuslasoasnedi

(¥) MFA

fuwiltduwiundy OFA lavananuaziBuadiaes
fifindudonalinuanansolumaieUfsenandu
uannisesmsadoneliiilasea$1eilelndwe s
FasaianandnueaLuNFaInalawmIn  (CSH) o8
Ffudlalndwesian (NASH) [22, 23] &IWALK
Tassasedlalnawesiinnsusudwnsluszuuaes
FlalwAwasvildmdssuusedareedlalnfwesiinng

NRIUDLNTALIU

U7 6 lassadwmegamazesdlalndimadinadfiongnistun 28 Yu



NITITBURLIU 195, TN 36 aUuN 4 ganaw - SunAN 2556 407

5. #FUNaNIINAFIY

innan1sRnEEsasUlddn

51 AnuaridualinapsuLAaLBINgIRINITOAN
srazIaINInefzesdlalndwasinad lasen
nafinduzssiuiifiouararuiiidoufizoadiaes
waaBeage lapszuznainsnesiGuduuasias
Uaewad MFA was FFA wihiu 9-16 w1l uas
17-28 uii

52 fdssunsesapesilelnamesinadiinty
LﬁaLﬁmammaL’B‘ﬂugoﬁﬂ'gmazlﬁﬂmuwnﬁu Wia9an
mMIiindusnsnanannisluszuuaasilelniiwes
’ﬁamsLﬁwﬁumaawaw&‘mﬁondnmmsnﬁmﬂ%’uﬂqa
Tasvaisgamazesilalndwes Tas MFA uas FFA
fiognisn 90 Ju snsaliiaeunsedawingu
67.1 WAz 77.9 wWnzlaaa

53 lasva¥msganiazevilolndinesinad
s‘l‘miﬂ%’uﬂqoLLa:mmwumuumnﬁuLﬁaLﬁwaaﬂ
LLﬂaL%ﬂugoﬁmwauﬁﬂmﬁuﬁu (MFA uas FFA)
L‘fluwaLfiaomnmfmmmiﬂumsﬁwﬁﬁ%mﬁmnﬁu
Mlasnsaianandnneluszuuad lalndwese
wnnIiaSeufisuty OFA

6. inAnssndszNA
mu%a‘i’ﬂﬁ‘iﬁ%ummﬂfuwumrﬂmamsdaLa%u
n33veluganfneuarnisimunam inenaeive
wiven@ spsdinuAuznIINNMTTEANANAE
IﬁﬂﬁﬂLma§5ﬂQwﬂﬁﬁﬁLﬂH%ugd NINLINLVDULNU
LLaxquﬁ’i'«'fﬂLLa:ﬁmuﬂmm%wgagmamofj’oﬁu
wiMngnazzeuuiy waraz 3 maluladlus aue
walulaigaamngsy wninedeszigauie

7. 1ONF13D19DY

1. Davidovits J., 1999, "Chemistry of geopolymeric
systems, terminology. In: Davidovits J, Davidovits R,
James C , editors. Géopolymére’99", Proceedings
of Geopolymer Second International Conference,

Saint-Quentin, pp. 9-39.

2. Chindaprasirt P., Chareerat T. and Sirivivatnanon
V., 2007, "Workability and strength of coarse
high calcium fly ash geopolymer", Cement and
Concrete Composites, Vol. 29, No. 3, pp. 224-229.

3. Chindaprasirt P., Chareerat T., Hatanaka S.
and Cao T., 2011, "High strength geopolymer using
fine high calcium fly ash", Journal of Materials in
Civil Engineering, Vol. 23, No. 3, pp. 264-270.

4. Phoo-ngernkham T., Chindaprasirt P., Sata
V., Pangdaeng S. and Sinsiri T., 2013, "Properteis of
high calcium fly ash geopolymer pastes containing
Portaland cement as additive", International

Journal of Minerals, metallurgy and Materials, Vol.
20, No. 2, pp. 214-220.

5. Rukzon S. and Chindaprasirt P., 2008,
"Development of classified fly ash as a pozzolanic
material", Journal of Applied Sciences, Vol. 8, No. 6,
pp. 1097-1102.

6. Erdogdu K. and Trker P., 1998, "Effects of fly
ash particle size on strength of portland cement
fly ash mortars", Cement and Concrete Research,
Vol. 28, No. 9, pp. 1217-1222.

7. Chindaprasirt P., Homwuttiwong S. and
Sirivivatnanon V., 2004, "Influence of fly ash
fineness on strength, drying shrinkage and sulfate
resistance of blended cement mortar", Cement and
Concrete Research, Vol. 34, No. 7, pp. 1087-1092.

8. Diaz E.l, Allouche E.N. and Eklund S., 2010,
"Factors affecting the suitability of fly ash as
source material for geopolymers", Fuel, Vol. 89,
No. 5, pp. 992-996.

9. Bakharev T., 2006,

of geopolymers prepared using class F fly ash

"Thermal behaviour
and elevated temperature curing”, Cement and
Concrete Research, Vol. 36, No. 6, pp. 1134-1147.

10. ASTM C618, 2008, "Standard specification

for coal fly ash and raw or calcined natural pozzolan



408

for use in cement", Annual Book of ASTM
Standard, Vol.04.01.

11. Rattanasak U., Chalee W. and Chindaprasirt
P., 2006, "Study of leaching of lignite fly ash and
strength of fly ash based-geopolymer", KMUTT
Research and Development Journal, Vol. 29, No. 4,
pp. 437-446 (In Thai).

12. Phoo-ngernkham T. and Sinsiri, T., 2011, "A
study on properties of geopolymer mortar made
from fly ash incorporated natural zeolite", KMUTT
Research and Development Journal, Vol. 34,
No. 1, pp. 31-44 (In Thai).

13. ASTM C191, 2008, "Standard test method
for time of setting of hydrualic cement by vicat
needle", Annual Book of ASTM Standard, Vol.
04.01.

14. ASTM C109, 2002, "Standard test method
of compressive strength of hydrualic cement
mortars (using 2-in. or [50 mm] cube speciments)”,
Annual Book of ASTM Standard, Vol. 04.01.

15. Silva P.D., Sagoe-Crenstil K. and Sirivivat-
nanon V. 2007, "Kinetics of geopolymerization:
Role of AlLO, and SiO,",
Research, Vol. 37, No. 4, pp. 512-518.

16. Temuujin J., van Riessen A. and Williams

Cement and Concrete

R., 2009, "Influence of calcium compounds on
the mechanical properties of fly ash geopolymer
pastes", Journal of Hazardous Materials, Vol. 167,
No. 1-3, pp. 82-88.

MsansiTuuaziaun was. U 36 afuil 4 ganAw - Fuanaw 2556

17. Rattanasak U. and Chindaprasirt P., 2009,
"Influence of NaOH solution on the synthesis of
fly ash geopolymer", Minerals Engineering, Vol. 22,
No. 12, pp. 1073-1078.

18. Rattanasak U. and Chindaprasirt P., 2008,
A comparative study on properties of geopolymeric
materials", KMUTT Research and Development
Journal, Vol. 31, No. 2, pp. 371-381 (In Thai).

19. Hardjito D., Wallah S.E., Sumajouw D.M.J.
and Rangan B.V., 2004, "On the development of
fly ash-based geopolymer concrete", ACI Materials
Journal, Vol. 101, No. 6, pp. 467-472.

20. Yip CK., Lukey G.C. and Van Deventer
J.S.J., 2005, "The coexistence of geopolymeric gel
and calcium silicate hydrate at the early stage
Cement and Concrete
Research, Vol. 35, No. 9, pp. 1688-1697.

21. Yip CK. and Van Deventer J.S.J., 2003,

of alkaline activation",

"Microanalysis of calcium silicate hydrate gel
formed within a geopolymeric binder", Journal of
Materials Science, Vol. 38, No. 18, pp. 3851-3860.

22. Guo X, Shi H. and Dick W.A. 2010,
"Compressive strength and microstructural
characteristics of class C fly ash geopolymer",
Cement and Concrete Composites, Vol. 32, No. 2,
pp. 142-147.

23. Somna K., Jaturapitakkul C., Kajitvichyanukul
P. and Chindaprasirt P., 2011, "NaOH-activated
ground fly ash geopolymer cured at ambient
temperature”, Fuel, Vol. 90, No. 6, pp. 2118-2124.



