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Abstract

This research aims to study the factors of FGD-gypsum replacement and alkaline solution ratio on
the compressive strength and microstructure of fly ash (FA) geopolymer. FGD was used to replace FA at the
ratio of 0%, 10%, 20%, and 30% by weight of the binder. The liquid activators were sodium silicate
(Na,SiO,) and 10 molar of sodium hydroxide (NaOH) solutions. The differences in Na,SiO,/NaOH ratios at
1.0, 1.5, 2.0, and 2.5 were investigated. The liquid/binder ratio of 0.60 cured at ambient temperature was
used in all mixing. Test results showed that the setting time of FA geopolymer mortar tended to decrease
with the increasing of FGD replacement and the Na,SiO,/NaOH ratio. Besides, XRD and SEM results
corresponded to compressive strength results of FA geopolymer. According to the above test results,
it can be concluded that using 10%FGD activated with Na,SiO,/NaOH ratios at 1.0 and 1.5 were the
optimum mix o develop the compressive strength of FA geopolymer mortar incorporated with

FGD-gypsum.

Keywords: Fly Ash Geopolymer, GD-gypsum, Alkaline Solution Ratio, Mechanical Properties, Microstructure

Please cite this article as: C. Detphan, T. Phoo-ngernkham, S. Detphan, K. Chompoovong, S. Hanjitsuwan, and P.
Chindaprasirt “Factors of FGD-gypsum replacement and alkaline solution ratio on compressive strength and
microstructure of fly ash geopolymer,” The Journal of KMUTNB, vol. 31, no. 4, pp. 711-722, Oct.-Dec. 2021 (in Thai).
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sruuuAalLgsTlenedies Fsanmenuinaulany
Tiiud upailendainalawss (C-S-H) sgsuiulufe
azgiilugainalawmsn (N-A-S-H) aggreiuigasy
ussonvesIlonodimesla
dmiudunanilishsduasazaelnfendang
somsaraelufenlansenlusiviniu 1.0 (3U7 4) way
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war 30 nu1 a@suszneuiiintuisaessnsnaaudl
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asavarelansndainaseasazanslufoulonsenlyn
Wiy 1.0 warunuideewdrudusosas 10 [5U 4 (@)
wazdunauildSnsduansavarslafendannse
ansavanslofelansonlaivindu 1.5 waswnuiidae
lvARBUHSenas 10 [5UT 5 (W) azilansUszneude wan
YoImend (Si0,) wunillvg (Fe,0,) uaalws (CaCo,)
wavupalendainalansa (C-S-H) Tuaefidouwnui
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Degree (2 theta)

V=Vishnevite (NagAlSig01,(S0,)2.H,0), Q= Quartz ($i0,), F=Magnetite (Fe;0,), S= Calcium silicate
hydrate (Ca, 55105 5 XH,0), E = ettringite CagAL(SO,);(OH);, 26H,0, C=Calcium carbonate (CaCOy),
G=Gypsum (CaSO,.2H,0)

=1

5UN 5 aaAUsENaUNIIUIvasTlanaduesinadan
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Q sc e o
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Degree (2 theta)

V=Vishnevite (NagAl(Sig0,,(S0,)2.H,0), Q= Quartz (Si0,), F=Magnetite (Fe;0,), S= Calcium silicate
hydrate (Cay ;Si0; 5xH,0), E = ettringite CagAL(S0,);(OH);,26H,0, C=Calcium carbonate (CaCOs) ,
G=Gypsum (Ca$O,.2H,0)

JUN 6 aaAUsENOUNIIUTvasTlanaduedinadan
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Winiu 2.0 wazengnsusWindu 28 Tu
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Vishnevite (Na,Al,Si,024(50,)2.H,0) d@1un19ld
loWIREUduSosas 30 [3UT 5 (9] Tldmadiuasazans
lAsndainaneasavanelansulansenlenviniu 1.5

Degree (2 theta)

V=Vishnevite (NasALiSig0,,(S0,)2.H,0), Q= Quartz (Si0,), F-Magnetite (Fe;0,), S= Calcium silicate
hydrate (Ca, sSiO 5 xH,0), E = ettringite CagAL(SO,);(OH),, 26H,0, C=Calcium carbonate (CaCOy) ,
G=Gypsum (CaSO, 2H,0)
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v =1 U = = 6 . |\ L2
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loweulansanlamwindu 2.5 é’mmﬂugﬂﬁ 7(m), 7 Q)
sxnuasUsznouistudn 2 vila Ae Ettringite
(Ca,AlL(SO,),(OH),,.26H,0) uagdudu (CaSO,.2H,0)
WaidlefiansaniUSeudiouiuguil 7 (@)
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uazAY [16]
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(M) FALOFGD-NS/NH=1.5

v

(9) FATOFGD-NS/NH=2.5 (R) FA30FGD-NS/NH=2.5
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lensonlasivindu 2.5 wuin Msunuiilewdfsudu
Yovay 30 wEUNNNaTUsENOUdUY Feannndosiy
NaAATEsiBsAUSENBUNANS [JU 6(9) uag 7 (9] Tlaz
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Tlemaiialgidoudainngasinuaydzdmanamdsdn
vosilenedwesluaiyualy AutuaunsnsinUizen
Sawieluil [13]

CaS0O,2H,0 (s)+ NaOH (aq)
—>4Ca(OH)2 (s)+ Na,SO, (aq)
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