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Abstract

This research aimed to investigate the effect of ground pumice (GPM) on flow value, setting
time, compressive strength, and microstructure of fly ash geopolymer paste. The primary
aluminosilicate material used was fly ash (FA) sourced from the thermal power plants in Thailand.
Ground pumice was incorporated as a partial replacement for fly ash at replacement levels of 0%,
25%, 50%, 75%, and 100% by weight. A 10 M sodium hydroxide solution and sodium silicate solution
were used as the alkali solution. The alkali solution-to-powder material ratio and sodium hydroxide
solution-to-sodium silicate solution ratio of all the mixes were designed at 0.60 and 1.00 by weight,
respectively. The result showed that increasing the replacement of FA with GPM reduced the flow
value of the geopolymer paste while prolonging the setting time. The compressive strength of the
FA geopolymer paste decreased as the GPM content increased. Microstructure analysis revealed that
replacing FA with GPM negatively impacted the reaction at an initial age, resulting in a large number
of unreacted particles and a weak microstructure. However, when 50% of FA was replaced with GPM
and the paste was cured at room temperature, the geopolymer paste achieved a compressive

strength exceeding 70 MPa at 90 days of age.

Keywords: Geopolymer paste; Fly ash; Ground pumice; Compressive strength; Microstructure
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Table 1 The physical properties of FA and GPM

Properties FA GPM
Specific density (g/cm’) 2.62 2.32
Retained on a 45-micron sieve by weight (%) 25.0 25.0
Blaine fineness (cm’/g) 2,719 4,230
Median particle sizes (micron) 20.17 16.3
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Figure 1 Particle size distribution of FA and GPM
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Table 2 Mix proportions

. Powder materials (g.) Alkali solutions (g.)  Mole ratios .

Mix names : : : Curing methods
FA GPM NaSiO, NaOH  Si/Al  Ca/Si

100% FA-T 1,000 - 300 300 4.34 0.75

25% GPM-T 750 250 300 300 5.10 0.47  Temperature curing

50% GPM-T 500 500 300 300 5.80 0.28 in oven

75% GPM-T 250 750 300 300 6.45 0.14 at 60 °C for 48 h.

100% GPM-T - 1,000 300 300 7.06 0.04

100% FA-AT 1,000 - 300 300 4.34 0.75 Ambient

50% GPM-AT 500 500 300 300 5.80 0.28  temperature curing
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(a) FA

Figure 2 SEM micrographs of powder materials

Science33-N1_0O0000000.indd 93

4/4/2568 BE 09:41



Thai Science and Technology Journal

Vol. 33 No. 1 January-February 2025

A-Ca(S0,); Q- SO,;
L - Ca0; P - Ca(OH),

Q L
FA P Q m A L
S W
N N = Na 45, 4o, (AL 45eST, 5008
N | R - Na,Si,0,,(OH),
GPM R N N N N
A e "~ L A

L | | | Il | Il Il | Il baaaa] Il Il |
r T T T T T T T T T T T T T 1

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
2 Theta (degree)

Figure 3 XRD pattern of powder materials
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Figure 4 Fresh properties of geopolymer paste
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Figure 5 Compressive strength of geopolymer

paste

322 Tﬂwzv;wgan7ﬁ°z/aamy')aa&/$TaTw§
(oSWARNSUAURNTUAAEEn

nsanwaanTivaaiiauaiurueas
mameninazhlidlafsfiseuardeiiiniu
melulassaveadaesilolndieifinaniuiy
faunaziduniiaziioufnuudausdutisengily
TumsesnuuuamsidesUszanunsunin lunsfnw

adai | dAendnaunan 100% FA-T 50% GPM-T

Science33-N1_00000000.indd 96

96

uay 50% GPM-AT i1 28 Fu Liushogaitelilu
e inaNTRaaiinarnamen ity
loun nsdesgridugiuine) mafigadienanval
namsianvazlassaianislulazusnnsing
omalneilswazdendail

1. MAwsidugIuvine1vesdlelndiwes
371 Figure 6 WARIFULUY XRD vadinaeedlalni
wosinadnanfiuiufiaunasiBoawuin daduna
100% FA-T asaanufing1uninsegfisdiuns
Uswana 20.00° 4 38.00° 2Theta Ustianisniash
yosdlelndwenaiinanuiizenilolndwels
i [24] TneansUszneuiiddey fe finves C-SH
WAy N-A-S-H 7isumis 29.50° way 33.20° 2Theta
auddy man1sAnwaenndesfunaiteves
Chindaprasirt uazansz [18] fidnwnuNIsHes
vounailelndwesanidiaesvin C av1anud
FwnaUsranal 28.00° 2Theta wazasusenau
waaldeuddinalawmsansanudisiumis 29.05°
uay 32.05° 2Theta uanainiifasnginandn
vodluifiouazgillugfinalainse (S, Na_(H.0)
(Si_ AL O

100 92 384
Flelndweslswiuiseglugluuvadugiunsyae

32
)H,0) ) Mdundnsineianujisen

ogluzuuuy XRD wagUsnginandnuesaiond
(Q) Yasauaunalasn (P) wazaslua (L, Ca Sio) o
wuidnasssefuiufiaunazBenlusasdiudos
aw 50 lagtiwiin pawUfing1unsegimumia
Uszana 20.00° £ 38.00° 2Theta AdeiUfIOL1
100% FA-T wazUsinguandnvesezuasing (T,
CaALSi O), woalus (N) wazrend (Q) N1SNTIANY
azuaslnddudundnvesansusznauwaalde

BEYUUNYALNA

¥

eflegluiilevesianiiynyu Inendnveezuesing

(Calcium aluminum silicate) #isin

fnsranvilonafinaineyninvesfiuiufiandu
adugIugnIzazatglavaITavatedanilauiag
widediufdundn 91nuan1s@nw1vea Moon

4/4/2568 BE 09:41



Ui 33 QU 1 unsIAN-NuAWIUE 2568

58153Imemansuazinalulad

warAmy [25] AAnwInUd1 exueflndiinisii
UfRzefuansararedamlaflussdiuiunaiade
Wisuifisuiuansuszneudue Aiflegluiaguesly
aansssuund vilidethfanuesleaiuain
synuAmatuwanilelndwesinadagyilinga
wuwlandnuosezuaslndiliviufAzewazduma
Foronuudaussvesdlolndiues uenvninng
ananuandnvesuoalud (N) Msumiaderiugy
WUU XRD vesiiuriufandsliiufizetenauansdis
Vinawesiiuitufadilivi fidoivansazaresa
anlaid a1nwanis@nwiiiiuuneyniailiiia
UfRsumaniduanaivin i dssuussdanesd
TelwAiwesanas [26] nansvageuiatuayuna
naaoumdsiuusidniieny 28 Yu vesdadaune
50% GPM-T uag 50% GPM-AT fidiinsnindadou
W&d 100% FA-T

5 - Nay 101,51, ALOLNHO); Q- 510

C-CSH;P- Ca(OH)Z; L-CaSio,;
T- CaALSI,0, N - Na ,,,C

Q
3, 491 (AL, 4. Si

0.491 1488 IZ 506

0,)

100% FA-T

50% GPM-AT

| | 4 | 4 | | | | 4 | 1 | |
r T t t t t t t t t t t t t 1

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
2 Theta (degree)

Figure 6 XRD pattern of geopolymer paste at 28
days

2. Msfigaenanualsiemada FTIR 910
Figure 7 wansaiunmsy FTIR w9901a083lalnd
wofmadinaufiuitfiauanzBeamut Fudile
Tndwesmadiamaivhnmsmagounsianulnana

o Aa v A %A
GUQJU']WNQQIUQHJYW’]LQ’]@@ﬂﬂiau’]wm’]"ﬂqﬂaqﬁ

Science33-N1_00000000.indd 97

97

azarusanlatiliinnisdunuudavesiuse
X-OH (dlo X Ao Si 930 H) wasn1sduLULIDTaa
Wusy O-H fisuvusiauady 3,600 f9 2,200 cm'
wag 1,700 £14 1,600 cm™ snuaaiu [27] nsnefves
lesauaiueiun (CO.%) \leanUfisersening
ansavaneluneulonsenlennuinwansuesulaeenlen
Tunsguiunmsiseudmegedlelndwesinanniala
annzussenmavhliinnsdusuuinldauunns
Youiusy O-C-O Misuniaavadulng 1,400 cm
28] Wefiansananuniawosuauaduiisumied
wui ndedunauiviinisaaeuiinnisduly
Snwarlndidestudaiedesiuiusy O-C-O vos
arsusLumilasannszuIunsasus ludues
Fregadlolndwesinad nmsdunuuinliauunns
yeaiusy T-O-Si tile T Ao Si vise ALinTuisum
wueaulugas 1,200 89 950 cm™ wazsdumislng
@upau 620 e iesannnisnesivesilelnawes
wa [27] dlefiansanwanadeuvesdnaiunas 1009%
FA-T wudn fisumdsiifnnsduiaudntituiina
nuazdauanuInnINdnaiunal 50% GPM-T
wae 50% GPM-AT wansliliunansiiniusy Si-O-
Si wag ALO-Si visemsiiainU)Asedlelndues
lslwduiigsninilifieny 28 Ju ledndiunay
100% FA-T iAnUfAsenfnIndevinlianunsasuuse

o a

BAUINNIANFIUNANNTAUN LN dUnaLLDUR

100% FA-T | OH | TOsi (IT = Si, Al
I | ~_ |
| | .
teg 16501 :\&)@4} i :/617
50% GPM-T jls L Ve : ™\
Q T )
:«;’9 1644 : \&5 : :
I Lo
50% GPM-AT I L o :
) | N o U
e teas” L N\
I ' 961 !
I ! !
X-OH (X = Si, H) | !
0-CO T:0i (T = Si, AU

r T T T T T T T T |
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cm™)

Figure 7 FTIR spectra of geopolymer paste at 28
days
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Figure 8 SEM micrographs of geopolymer paste
at 28 days
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Table 4 Atomic percentages and ratios of hardened geopolymer paste based on EDS analyses

Atomic percentages (%)

Mix names - Atomic ratios of Si/Al
(0] Na Ca Si Al

100% FA-T 54.30 18.27 2.09 2.66 1.00 2.66

50% GPM-T 56.60 15.96 1.59 6.40 1.74 3.68

50% GPM-AT 61.14 8.38 4.22 12.60 3.69 3.41
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Table 5 Porosity and pore volume distribution of geopolymer paste at 28 days

Average pore

Pore volume Mercury volume

Mix names diameter (um) (%) (mL/g)
100% FA-T 0.010 21.35 0.1286
50% GPM-T 0.016 22.48 0.1402
50% GPM-AT 0.485 18.35 0.1043
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Figure 9 Pore size distribution of geopolymer paste

at 28 days
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