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ABSTRACT

Geopolymer concrete is recognized as a green and sustainable alternative
to conventional concrete, capable of reducing the environmental impacts
associated with cement production. This study investigates the effect of
pozzolanic materials such as fly ash, slag, and metakaolin on the
mechanical properties and durability of geopolymer concrete. The research
also explores the impact of alkaline solutions like NaOH and KOH on the
geopolymerization process and compressive strength of the concrete. The
results showed that the use of fly ash and slag as pozzolanic materials in
combination with alkaline solutions significantly improves the compressive
strength, durability, and stability of geopolymer concrete under various
environmental conditions. Furthermore, the use of geopolymer concrete
notably reduces CO2 emissions and can be applied in civil defense projects.
Ultimately, the findings of this research indicate that using geopolymers as
a substitute for cement not only provides environmental benefits but also
enhances the mechanical properties and durability of concrete.
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Type Content (%) Reference
50, AlO4 FesOq Cal MgO 504 Na.O K0

Eaolin 46,15 49,91 0.87 0.04 0.37 0.06 0.51 1.59

Kaolin 44.17 36.55 169 081 0.27 - 1.43 213

ME 5839 3547 27 0.01 0.30 = - 1.44

ME 51.52 44,53 0.48 .02 0.19 - 0.29 0.16

Laterite 6.54 aras 3245 0.17 012 - 0.0& 026

Laterite 4391 27.80 17.21 0.28 017 - 0.04 0.03

Laterite 64.48 19.01 13.74 010 - - - 0.63

Zeolite 78,680 11.680 1120 3.430 1.120 0.7 0.440 3.080

Diatomite 8030 6.10 6.79 1.04 0.65 0.12 0.62 0.44

Halloysite 55.50 2908 255 o2 0.02 - 0.10 0.10

FA 5538 2814 33 3.45 185 0.32 230 139 mpour et al

FA 56.00 18.10 5.31 7.24 0.93 1.65 1.21 136 uo and Yang (2020)

FA 65.90 24.00 287 1.59 0.42 - 0.45 1.44 Hu et al. (2015)

FA 4790 25.70 14.70 411 1.36 0.19 0.81 0.67 Khan et al. (2015)

HCFA 37.30 14.90 16.50 17.10 372 256 1.74 1.66 Mohammed et al. (2019)

HCFA 34.00 13.50 5.00 16.50 310 2,80 1.50 5.50 o ietal (2

HCFA 36.20 1%.90 11.90 14.20 1.90 3.60 - 240

GGES 3534 2069 0.18 31.32 211 1.79 1.36 0.29

GGBS 18.90 6.43 0.74 56.90 141 157 - 0.67

GGBS 2820 9.73 0.58 52.69 290 146 122

GGBS 36,50 .95 0.38 43.38 674 - - 0.35

RM 14.40 2220 40,20 200 0.17 0.28 12.70 011

RM 16.51 28.05 30.32 222 0.70 8.70 0.26

RM 27.544 30,591 4.603 25.478 0,818 1422 - -

RHA 9233 0.18 017 0.63 0.49 - 0.07 0.15

RHA 893.10 0.30 0.20 150 060 - 0.06 230

QBFA 12,60 297 230 20.21 4.85 4.00 112 26,34

OBBA 2361 541 6.12 20.61 602 0.80 1.29 17.31

VA 4332 14.84 14.19 8.80 7.70 0.01 3.04 1.52

VA 43,00 15.00 12.00 11.00 6,80 - 4.60 1.70

5F 87.60 0.38 0.66 0.57 367 - 1.26 236

5F 80,00 1.20 200 1.00 0.60 0.50 - =

CPA 22,60 19.67 9.67 10.10 2,52 4.58 0.39 14.20 B

55A 3828 20,72 1127 5.51 1.91 418 0.70 073 stuque et al. {2019)

STS 21.90 978 14.90 37.40 10.30 0.60 0.20 0.29 nd Yang (2020)

STS 11.90 123 31.85 45.72 316 0.22 0.03 0.03

DWTR 21.246 23,100 42.004 9.358 0.581 1.231 0.279 0384

10T 40,00 870 48.90 - - - - -

GWER 43,70 17.60 12.00 19.70 - 1.30 - -

HMNS 43322 4135 10.34 3.45 26.15 0.28 0.23 018

WEA 21.86 7.29 256 29.36 255 4.76 2.54 389

WEA 0.598 151 119 44.81 181 L7 1.64 6.89

CG 59.73 20,16 5.50 1.96 1.01 0.23 2.52

CEG 53.77 4275 125 010 0.16 - - 0.50

POFA 64.20 4.25 313 10.20 5.90 .09 0.10 B.54

GP 5837 354 11.15 285 0.4% 8.75 4.66

MSWIFA 417 0.57 105 44.40 1.08 6.58 10.00 5.13

CCR 319 124 0.24 63.35 0.16 0.64 0.28 0.0

RCBW 60.31 15.61 7.72 5.60 3.05 0.56 448
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Component Class C fly ash Class F fly ash Rapid set cement
%) (%) | (%)
Si0, 38.38 59.73 15.40
AlLO; 18.72 30.18 [ 13.74
Fe,04 5.06 2.80 2.38
CaO 24.63 0.73 ‘ 50.87
MgO 5.08 0.83 1.26
SO 1.37 0.02 ‘ 12.52
Na,O 1.71 0.24 0.56 Na equivalent
K,O 0.56 242 ‘ Not determined
TiO, 1.48 1.60 Not determined
P,0s 1.24 0.08 Not determined
Mn,0; 0.02 0.02 Not determined
SrO 0.37 0.05 Not determined
CryO4 <0.01 0.03 Not determined
ZnO <0.01 <0.01 | Not determined
BaO 0.94 0.12 Not determined
Loss on ignition 0.26 0.79 ‘ 2.84
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Investigated properties FA

I n m v v Vi
Sidy 51.74 60.29 44.09 4471 48.12 53.96
Al05 2136 17.53 21.74 2243 2399 24.83
Fe 04 8.80 9.61 14.49 15.04 790 6.75
MnO 0.04 0.03 0.03 0.04 0.03 0.02
CaO 1134 6.21 10.96 1027 11.03 793
Mg0 1.56 1.20 119 .08 130 124
50y 1.27 0.66 1.77 1.56 225 0.90
Na:z0 0.64 0.58 0.52 0.40 046 0.48
K;0 1.35 1.04 0.76 0.81 131 131
LOI at 1000°C 1.60 283 440 3.59 3.61 231
Sum of oxides ($i0; + Al;04 + Fe;04) 81.90 87.43 80.32 82.18 80.01 85.54
Classification acc. to ASTM C 618 F F F F F F
Si0;/Alz04 242 344 2.03 1.99 2.m 217
Particle content = 63 pm (%) 2330 42.65 56.50 3035 30.66 5570
Particle content 43-63 jum (%) B8.05 5.30 6.00 845 733 835
Particle content <43 pm (%) 68.65 52.05 37.50 6120 62.01 36.05
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Different FA
Activator: Na O-nSiO,
Curing conditions: 1 day at 20°C + 6 days at 55°C

| FA VI(n=1.5,10%Na,0) |[| Q- quartz

Q f - feldspar
He - hematite
t He He
P N *__»Qw-i‘—«—cth.e 9 Q M - mullite

[ FAIV (=15, 10%Na,0) | g-c?lci.te ’
u - faujasite

Q HleC He He
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Different FA
Activator: Ca(OH),
Curing conditions: 1 day at 20°C + 6 days at 55°C

C-S-H FA VI
Qs p

P c
He,
| Q f / A OC Q PC
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C-S-H - calcium silicate hydrate

Q - quartz

- feldspar

He - hematite

M - mullite

C - caleite

P - portlandite

He-C1 - heutandite-clinoptylolite group
of zcolites

(95 521 0,58 oy V1Y

o 1o Ly a8 ool ol mlio ile Jgame Sy (g8 050] 0,55 o, e

Colad g YU 5w Bjgel Jlsle cde as ool (pl 0l o GGBS! 54 0 ol 40 45 (glo b 30,5 8w 3l £45 4 ditas

! I°‘J"5j) g @i‘) ‘5‘5‘ )“ asg‘ osle C)i’-‘ ‘5)5(5" )‘)9 oslaul S)90 uL"""‘"’ )‘ e u-’;i"’ Q‘?‘:“' 4 u‘*’b)’ )" o ‘@y5}5ﬁ
Ol gl o ailgs oo g 0l oYL codled el pordy Wiyl 3 0 GGBS sl YIFY B VY s QT s u..asﬂ A Guedins G a5
! OAA] i O)Lo.i:: J.iw L O)Lg}w @52.5.” g_;}S.ws)S.»_a )’5‘“4’ [\Y‘] d.wl.: asle ‘515.7- u.,..flj CJ') ),..: o‘;‘suhu 4> )0 ).bo Sga>

(V] 05l pw (F9 SSIN rgSmg o o guai —F S

1 ground granulated blast furnace slag
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Chemical compaosition GGBFS Metakaolin
wt.%

S5i0., 31-38 49-52

Ca0 38-44 -

Al;04 9-13 40-43
MgO 7-12 -
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Aluminosilicate precursor Activator L/Bratio Curing time & temperature =~ Compressive strength (MPa)
7d 28d
*HCFA (Mchammed et al., 2019) NAp 0.25 25°C 50.00
*FA + GGBS (Alrefaei et al., 2019) NAp 0.40 25°C 74.40
*FA + GGBS + HMNS (Bouaissi et al., 2019) SS + SH 0.50 25°C 76.57
*FA + Bauxite (Wang et al., 2020) S5 + SH 0.25 g0°Cfor12h 45.54
*FA + OPC (Zailani et al., 2020) SS + SH 0.50 24°C 76.50
*VA + GGBS (Lemougna et al., 2020) 5SS + SH 0.42 25°C 85.00
*Clay (Bayiha et al., 2019) SS + SH 0.78 24°C 47.77
*Halloysite (Zhang et al., 2020a) PA 1.30 go-Cfor2d 65.0
FA (Kaur et al., 2018b) SS + SH 80°Cfor1d 40.42
FA (Hadi et al., 2018) SS + SH 0.50 25°C 67.0
FA (Bhutta et al., 2019) S5 + SH 0.50 80°Cfor4 h 52.75
HCFA + FA (Nuaklong et al., 2019) SS + SH 0.50 60 °C for 2d 52.5
FA + GGBS (Hadi et al., 2019) NA 0.31 23°C 105.00
FA + GGBS + SF (Elyamany et al., 2018) SS + SH 0.35 90°C for 2 d 47.0
GGBS + MK + RHA (Sharmin et al.,, 2017) SS + SH 0.50 65°Cfor1d 47.90
CG + GGBS (Huang et al., 2018) S5+ SH 0.50 20°C 57.83
MK + GGBS (Huseien et al., 2018) SS + SH 0.65 27 °C 47.84
PFD + GGBS (Katpady et al., 2020) SS + SH 0.40 20°C €69.77
MK + CEG (Kovarik et al., 2017a, b) PS 0.80 22°C 97.00
FA + Nano-MK (Kaur et al., 2018a) SS + SH 0.30 70°Cfor1d 45.0
MK + RHA (Liang et al., 2019) 55 + SH 0.70 50°C 56.60
RM + FA (Yeddula and Karthiyaini, 2020) SS + SH 0.45 27°C 32.70
CPA + VA (Baenla et al., 2019) S5 + SH 0.47 25°C 25.00
BOT + GGBS (Ye et al., 2017) SH 0.50 20°C 50.00
IOT (Defaveri et al., 2019) SH 0.27 100 °C 112.8
EMDR (Han et al., 2018) PA 0.80 80°Cfor2d 96.3 (2 d)
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Table 4 — Compressive strength of geopolymer concrete.

Aluminosilicate Activator L/B ratio Slump Density Curing time & Compressive

precursor (mm) (kg/m?) temperature strength
(MPa) (28 d)

GGBS (Zannerni et al,, 2020) SH 0.35 2249 25°C 36.0

GGBS (Bondar et al., 2018) 55+ SH 0.55 (w/b) 240 2420 23°C 64.4

FA + GGBS (Askarian et al., 2019) 55+ CH+LH 0.45 1680 25°C 38.0

FA + GGBS (Hu et al., 2018) S5 + SH 130 2432 75°Cfor1d 523

HCFA + RHA (Nuaklong et al., 2020 S5+ 8H 721 25°C 381

GGBS + RHA (N ta and Siddique, 2018) S5+ SH 0.55 80°Cforld 59.7 (3 d)

FA (Al-Azzawi et al., 2018) 55+ SH 100 70°Cfor1d 64.0 (7 d)

MK + FA + SF (Zhang et al., 2020b) PS5 + PH 25°C 80.7
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Alumino silicate source material Alkaline activator

Calcined clays, fly ash, rice husk ash, = MaOH, KOH, Ca(OH )z
slag, waste glass, copper mine MaOH + NasC0Os,
tailings, zeolite, pure Al>05-25i04 K2COs + Ca(OH):
powder and Na,5i0s, magnesium-  Sodium silicate

containing minerals, palm oil fuel (other silicates also)
ash obtained from Malaysia
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