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Abstract

This research, the effect of sodium hydroxide (NaOH) concentrations and Si/Al
ratios on compressive strength of geopolymer concretes exposed to magnesium sulfate
solution and sulfuric acid were studied. The geopolymer concrete were prepared from
Mae Moh fly ash with sodium silicate (Na;SiO3) and sodium hydroxide (NaOH)
solutions. In the first group, the concentration of NaOH was varied at 8, 10, 12, 14, 16
and 18 molar and the Si/Al ratio was kept constant at 1.98. In the second group, the
concentration of NaOH was kept constant at 14 molar and the Si/Al ratio was varied at
2.2,2.4,2.6 and 2.8. The concrete cylinder speciments of 100 mm in diameter and 200
mm in height were prepared for compressive strength test of concrete. The hardened
geopolymer concretes were air-cured and immersed in 5%-magnesium sulfate
concentration. The compressive strength of geopolymer concrete was tested after being
exposed to magnesium sulfate solution for 90 and 180 days. The loss of concrete weight
due sulfuric acid were investigated after exposed to sulfuric acid solution for 7, 14, 28,
60, and 90 days. In addition, the compressive strength of air curing concrete was also
investigated at the age of 7, 14, 28, 60, 90 and 180 days. The results showed that
compressive strengths of geopolymer concrete significantly increased with the increase
of a concentration of NaOH. The strength loss of geopolymer concrete due to
magnesium sulfate solution increased with the increase of a concentration of NaOH and
Si/Al ratio. Also, weight loss of geopolymer concrete due to sulfuric acid solution

founded to increase with NaOH concentration

Keywords: Geopolymer concrete, Fly ash, Compressive strength, Magnesium sulfate,

sulfuric acid, NaOH concentration, Si/Al ratio
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Wichian Chalee'” and Keeratikorn Charoenprom’

Burapha University, Muang, Chonburi, 20131 Thailand

Abstract

This research, the effect of sodium hydroxide (NaOH) concentrations and Si/Al ratios on compres-
sive strength of geopolymer concretes exposed to magnesium sulfate solusion were studied. The geopoly-
mer concrete were prepared from Mae Moh fly ash with sodium silicate (Na,Si05) and sodium hydroxide
(NaOH) solutions. In the first group, the concentration of NaOH was varied at 8, 10, 12, 14, 16 and 18
molar and the Si/Al ratio was kept constant at 1.98. In the second group, the concentration of NaOH was
kept constant at 14 molar and the Si/Al ratio was varied at 2.2, 2.4, 2.6 and 2.8. The concrete cylinder
speciments of 100 mm in diameter and 200 mm in height were prepared for compressive strength test of
concrete. The hardened geopolymer concretes were air-cured and immersed in 5%-magnesium sulfate
concentration. The compressive strength of geopolymer concrete was tested after being exposed to
magnesium sulfate solution for 90 and 180 days. In adddition, the comptessive strength of air curing concrete
was also investigated at the age of 7, 14, 28, 60, 90 and 180 days. The results showed that compressive
strengths of geopolymer concrete significantly increased with the increase of a concentration of NaOH.
The strength loss of geopolymer concrete due to magnesium sulfate solution increased with the increase

of a concentration of NaOH and Si/Al ratio

Keywords : Geopolymer Concrete / Fly Ash/Compressive Strength / Magnesium Sulfate / NaOH
Concentration / Si/Al Ratio

Corresponding author. E-mail: wichian@buu.ac.th

T Assistant Professor, Department of Civil Engineering, Faculty of Engineering.

2 Graduate Student, Department of Civil Engineering, Faculty of Engineering.



R

Py o o o o =
IMIETIsuasan ura. U6 35 affudl 2 ey - Hounau 2555 159

1. umi

faytugudinuilaiauaud (Portland Cement)
1lHIuTaqdonsrauatouninay Tasawy
Tuaulaseaionsuniaadnmin Jufimudyase
waudlénnmsmnasivsznaudiedant (Si0,)
agiiun (ALO,) wasuamiBunsanlsd (Cao) (u
van [1] sampdiflHlunmswatlusing 1,400-1,600
porgaiBed  nszuiunIndnyudiudsiauaud
Fostpdlimdvaugornluntssudatan naton ns
SUADS MSIY LazmIuAazidue wanTznufiAnan
nslFyudundlasauausazhliianisaeufisi
finav¥iinnizi3aunszan (Greenhouse Effect)
oty wleaamansznuiioafaiy Sennslfufiuud
Yasnuaudlviliosas TaemTeeyszamsnmaun iy
msliiaamanfienngmamnisy 1nERsNIIN UAS
Yo Wenauiufufuiiedauaud vie
Tmaunuudinudiasauauditoma Taslfamnso
TndutraUsrauluasuniniaunuyududias
waudly

mMsfnefiinuan 2-6] lemasafiasiaunans
Fandnlalliuduumiosauaud uslfaseslsan
flsznaviuansBaniuazagiufiusedusznauly
mavTaaduus dasundy Slonedmes Tanldndn
gasmaiiienssninvedinaunazegfiuniigne:
nnianledlzalauswifinndniuge UAse
funatndenin Iw&maumumﬁ"u (Polycondensation)
Fudaiuluanagnldludnsuzvamaiingl [2-4]
s mondaneuuszagiunfignrzaanunaniseyen
Taaupraliitivanaiasinl#uARsunAatul fauy o]
wazdenalinadamiisnfatuatadind fednufiu
dodlfiasiailiifiosdilsznouasdanaunasifiuiinly
de Tudszimalneins@ny iy isailansdmed
Wesmaumunsliijuduudisnn uazmahlflF
sludomndeiageaiedediolivnng mafnsiie
iufanilowsfweludszmalnesumnquanyd
ga9ilonaRineimad, ueding wisasuninanvufe
anmziwdeia (4, 5, 7 Tasunslifaauanlaau

Tutszwa  uazwansAndwlngAoudneududn
FagAlawadwesinanniniidmiulinanisdne
G’i’luqmauﬂ’ﬁL%analﬂ’iuﬁﬁmaﬁﬁ [8-10] agnlsfnny
Fayai@nuuisfuauanRduaruaamuaeddle
woAwasasundaiddaudetan wazluniafnwany
duldlddial#ousde azdpedmsifivdayalinn
T maaﬂwmam@uﬁoqmauﬁﬁL’B\‘mauazqmauﬁﬁ
arwasmuagiily dafuemddodsolfimaineg
AUANTAMUATHAMUABNITIANTDUTANEIIRTAY
wunihfsudainazasilanadinasaounineiniii
dwfin Tashuidfuanlsdwiweiong dadu
dduuifitamuinannanauiasfadalu
WlF vanasaRaunuasdeyadudunisunun
¥ldetaieds andumaindrdwiuanldunud
gu’ﬁmuﬁﬁwm wasidumswaunfagiaaiesta
Tmififidnuuzadwaouninildanyudiug ualdld
Tiuuududiunan Suwsaduluniliiag
yuduuduazifiunsifiamadanlugwiagiasiie
T¥uauriaaiwssly

2. A5nsfne
2.1 Jxqulszau
FagtFlunisAnunlsznsufaiduiuan
Talvifiusitnng "ﬁdﬁﬂuﬁmﬂqmﬂﬁwuum:meva%
325 ¥auar 32 fvumeymaiadvii 304 luaseu
wazAMNI NI WZnAY 2.23 avAdssnBunaLAl
gaadauRuwinn uaadann IR 1
mmma:Lé’ﬂm‘[‘ﬁmwLLﬂﬁf‘ﬁﬁﬁﬁiﬂu@é’amm
aziBuainiy 275 uazANONITUWIINNY 2.61
drumssmeulifunnalwagaviady 19 aw.
LardanudnIuwzvingy 2.72
sscauiiilunianarilenafiuaiaounia
Usznaudie @sarauloidsnding  (Na,Sio,)
F98msdu Sio, de Na,0 whiy 34 Taeth
win andNd Iz 136 fgamgi 307
asazaalmdanlansanled (NaoH) iudu 8, 10,
12, 14, 16 uaz 18 luans



e 4 TN Ny

——

el

- & . P o A a
160 2sEaidauasWaun #as. 10 35 alud 2 wwsu - fquisu 2556

A5 1 avAUsznaunaaiisaddngudnLsing

psAUsznaUNNIAR Ba LA EUALIINE
Silicon Dioxide, SiO, (%) 3210
Aluminum Oxide, Al,O; (%) 19.90
Iron Oxide, Fe,O, (%) 16.91
Calcium Oxide, Ca0 (%) 18.75
Magnesium Oxide, MgO {%) 347
Sodium Oxide, Na,O (%) 0.69
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Sulfur Trioxide, SO, (%) 224
Loss On Ignition, LO! (%) 0.07
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rasasazaeloifolansanlodviniy 16 Tuansdl
waliTloweAasasuninfifdedngofian wu 3la
wadlesaauniafildimsacais NaOH aduiriiy
8, 10, 12, 14, 16 waz 18 luan§ Aiavdavdedalu
and 28 Tu Wity 180, 191, 216, 244, 322 uas
233 nnJon? awEdy nsfitdsruasaauniniian
anaaflaldiarsazaty NaOH gofia 18 Twars am
Wunaanu3uuzes NaoH fiffaadadusnnniiu
TduazimRaannmainiiisen e NaOH dudariy
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fdsda (nJ/ou’) Jouazidedaisuiuaiy 28 Tu

dwunsy | 7 | 14 | 28 [ 60 | 90 |180| 7 | 14 | 28 90 90 | 180
Fu | Fu | T || Y| | du | ] ) du

8-M 68 | 69 | 180 | 220 222|245 ( 378|383 | 100.0 | 1222 | 123.3 | 136.1

10-M | 67 | 85 | 191|227 | 246 | 249 | 35.1 | 445 | 1000 | 118.8 | 128.8 | 1304

12-M 127 {150 [ 216 | 232 | 270 | 275 | 58.8 | 69.4 | 100.0 | 107.4 | 125.0 [ 127.3

14-M (136 | 183 | 244 | 279 | 280 | 291 | 557 | 75.0 | 100.0 | 1143 | 1148 [ 1193

16-M | 166 | 206 | 322 | 342 | 358 | 356 | 51.6 | 64.0 | 100.0 | 1062 | 111.2 | 1106

16-M | 160 | 199 | 233 | 339 | 345 | 348 | 68.7 | 85.4 | 100.0 | 1455 | 148.1 | 1494

SifAl=22 | 73 | 107 | 223 | 231|248 | 254 | 309 | 37.7 | 1000 | 1036 | 1112 | 1139
Si/AI=24 | 69 | 82 | 212|215 |222 | 230 | 325|387 | 1000 | 1014 | 104.7 | 1085
Si/AI=26 | 75 | 98 | 195 | 225 | 223 | 232 | 38.5| 50.3 | 100.0 | 1154 | 1144 | 119.0
Si/Al=2.8 | 82 | 109 | 197 | 230 | 235 | 237 | 31.5| 55.3 | 1000 | 116.8 | 119.3 { 120.3

Asun1swauidesaeeedlonadues
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ﬁé’mwmnﬁuﬁga‘(uﬁw 28 Fu nasaniiu MIWAIUN
masdnfidnsnsviailshauiveny 90 Ju uazifey
asfiluzaeay 90 B9 180 Su Auulddnluguuss
Yauazyoeidedafionysneg fpuiuidedaiiany
28 Yu m3wf 3) Fowud Sewaztdedanasile
weAeasuniafiouiumdedaiiony 28 u ey

asilugaoany 90 fiv 180 Fu mawmuidedaa
asundafluuilinaaseanarudinduses NaoH
vinduliiu 16 Tuand 1o Senacidsdnilany 180
fu Wisuduay 28 fu vesilowsdwmairauninilly
q138za%0 NaOH induvinAy 8, 10, 12, 14 uax
16 Tuand widuSawpaz 1364, 1304, 1273, 1193
URe 110.6 ANAGL
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N TUNRTAIEATIEIU SI/AL AMadanDad
Flonedwadne nn famed 3 uazguit 3 wud
dnTdu Si/Al dwadaiavdnzasilenafines
Apuniatiauann lnuddsdnuasilonafinesnaunin
nndunandfidlndidseiu adwlafiawainwanis
nagaURINSFANALEdN das1diu Si/Al ﬁgaﬁu
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[1, 13-15] dothBunudaniflfluufisemedue
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sonduau WalRldndndudiiuaniszneusgiily
3aunn Foduasfilianudunsaiuilensdwes
apun3n A nnIAnsiasainudt Slawedmnd
ADUNSATIHARINEIIZNAN SVAI Wiy 2.2, 2.4, 2.6
uas 2.8 fMasnileny 28 fuwinfy 223, 212, 195
uaz 197 nn/ou? awddy wasdllefsanssey
e aNiuuiy  AfnalvileneiweTaauniail
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28 Fudsuded defiuudlindeufunguiiugs
Wasuadiiuges NaOH masdafiindulugag
ﬁ"uagma:ém'mmﬁuamm’luﬁwwé’mwuf}uwamn
nainufieweRielsindu (Polymerization)
Lﬁmﬁu'[u?mﬂ"uuazammLﬁamqﬂawa&ma‘?ﬂaunﬁm
wiu (16] BefnBuUzIaINIWRILNA&ISaGIN&a1?
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srwihauundtind dndloneduefasuninia
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(chain or addition polymerization) #3153
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ADUNTRA LHU ﬂawaﬁLuaé'ﬂaun%fmﬁ'@%é“mwmu
JewiN SVAI WL 22, 2.4, 26 uay 2.8 ffdean
ﬁmq 180 Ju Wiwudu 28 Ju wihniu¥euaz 11349,

108.5, 119.0 WAy 120.3 AINAGU
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A TuwasesFTRsasuNniidundainn
(MgS0,) WaduSasaz 5 dendesnnedlanadinns
mouniAfiany 90 uar 180 Su seuamsluguil 4(n)
WaL 4(2) mwNady wudn Slewsfweseauninai
Tansazany NaOH #ilariudindusntudiuusli
Wanisiaedasnaisazarsuuniifendama
wndu Tasfiansanangudl 4m) esdiuin Aoy
wdlugsarasuuniifondamauaztnluainig 90
Hu nalfssasate NaOH fiffanadindudoud 14
Tuansiuly fnalidsdnvssnguiiuslussazas
winfiFeudamiasninguiivaluaina Tasdaau
wnduiloaudindumsesisazaty NaOH wndu
saunguiilfansazats NaOH fiffamdiduiionnin
14 Tuans wud idednvevilowefwmasrouninivs
TuamAuasiudluaisazasuunidiondaiinid
TnfiAeetu Fouandiiudt ssazasuanddeon
Faalifinadardsdnzecilanafinaiaeuninngs
fasuthzuslumsaraunniiBoatamiafs 00 Fu
iy FlawoRweireuniadiliarsacats NaOH #ifl
anudinduwindy 8, 10, 12, 14, 16 uaz 18 luans

fitaedafivsluanimdunat 90 Yu w222,
246, 270, 280, 358 U@z 345 nn/uN? AR
LLazwﬁamnwﬁ%’[awa&Lua%aun%mnfojuﬁlumiaxmﬂ
LLunﬂLﬁauﬁaLWWﬁquﬁwﬁuﬁ'}'ﬁﬁﬁﬁﬂé’dﬁmmﬁ’u
229, 245, 301, 264, 338 lar 300 nn/a’ @y
gy mavharedasainarsasarsuaniifuadama

a &

fardvanund lawadinairounin Auudltiudaiau

@ @ e al

wnfudepsuniadudatuasatswnnilifoudamn
unduiie 180 Fu (U (42)) Teonguitldanaddu
784 NaOH sfiiduldsunaniznuandamatuiu
Fodanaldanirdednilanediuainoundanguitld

f19azan NaOH fdanwdudusissnit 14 Tuand

.
a

L'iuﬁrhé’dETmaana;uﬁLLﬂum‘ia'zmmLunﬁLﬁﬂu
Faasninguiuluamafiowdieai saungs
#l¥a15aza78 NaOH ﬁﬁﬂ';'ml,ﬁwh’uganiﬁ 14
Tuand Afsflwanisvitareiidoaaunniy wu §le
wolwasaauninflarsazais NaOH Affaududu
Wy 8, 10, 12, 14, 16 uay 18 luan§ fddsdai
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