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Figure 4.53 XRD diffractograms of geopolymeric powder pre-cured at 

60°C for 5 hours and the resulting geopolymer paste 
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Figure 4.54 XRD diffractograms of geopolymeric powder pre-cured at 

80°C for 3 hours and the resulting geopolymer paste 
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Figure 4.55 XRD diffractograms of geopolymeric powder pre-cured at 

80°C for 4 hours and the resulting geopolymer paste 
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Figure 4.56 XRD diffractograms of geopolymeric powder pre-cured at 

80°C for 6 hours and the resulting geopolymer paste 
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Figure 4.57 XRD diffractograms of geopolymeric powder pre-cured at 

100°C for 2 hours and the resulting geopolymer paste 
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Figure 4.58 FTIR spectra of geopolymeric powder pre-cured at 40°C for 7 

hours and the resulting geopolymer paste 
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Figure 4.59 FTIR spectra of geopolymeric powder pre-cured at 60°C for 5 

hours and the resulting geopolymer paste 
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Figure 4.60 FTIR spectra of geopolymeric powder pre-cured at 80°C for 3 

hours and the resulting geopolymer paste 
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Figure 4.61 FTIR spectra of geopolymeric powder pre-cured at 80°C for 4 

hours and the resulting geopolymer paste 
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Figure 4.62 FTIR spectra of geopolymeric powder pre-cured at 80°C for 6 

hours and the resulting geopolymer paste 
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Figure 4.63 FTIR spectra of geopolymeric powder pre-cured at 100°C for 

2 hours and the resulting geopolymer paste 
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Figure 4.64 Mini-slump values of mixtures with various percentages of 

mixing water 
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Figure 4.65 Setting time measurement of resulting geopolymer pastes at 

various percentages of mixing water 
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Figure 4.66 Bulk densities of resulting geopolymer pastes produced with 

various percentages of mixing water after 7 days 
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Figure 4.67 Compressive strength of resulting geopolymer pastes at 

various percentages of mixing water after 7 days 
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Figure 4.68 SEM micrographs of resulting geopolymer paste produced 

with (a) 16%; (b) 18%; (c) 20%; (d) 22% and (e) 24% of 

mixing water (MK – Plate structure and GP – Spherical 

geopolymer aggregates) 
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Figure 4.69 XRD diffractograms of resulting geopolymer paste with 

various percentages of mixing water 
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Figure 4.70 FTIR spectra of resulting geopolymer pastes with various 

percentages of mixing water 
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Figure 4.71 Setting time measurement of resulting geopolymer pastes at 

various curing temperatures 
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Figure 4.72 Bulk densities of resulting geopolymer pastes cured at 40°C, 

60°C, 80°C and 100°C after 7 days 
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Figure 4.73 Bulk densities of resulting geopolymer pastes cured at 40°C, 

60°C, 80°C and 100°C after 28 days 
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Figure 4.74 Compressive strength of resulting geopolymer paste cured at 

40°C for various curing times (6h, 12h, 24h, 48h and 72h) 

after 1, 3, 7 and 28 days 

       

152 

Figure 4.75 Compressive strength of resulting geopolymer paste cured at 

60°C for various curing times (6h, 12h, 24h, 48h and 72h) 

after 1, 3, 7 and 28 days 
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Figure 4.76 Compressive strength of resulting geopolymer paste cured at 

80°C for various curing times (6h, 12h, 24h, 48h and 72h) 

after 1, 3, 7 and 28 days 
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Figure 4.77 Compressive strength of resulting geopolymer paste cured at 

100°C for various curing times (6h, 12h, 24h, 48h and 72h) 

after 1, 3, 7 and 28 days 
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Figure 4.78 SEM micrograph of resulting geopolymer paste cured at (a) 

room temperature (29°C); (b) 40°C for 72 hours; (c) 80°C for 

72 hours; and (d) 100°C for 72 hours for 28 days (MK – Plate 

structure and GP – Spherical geopolymer aggregates) 
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Figure 4.79 SEM micrographs of resulting geopolymer paste cured at 

60°C for 72 hours after (a) 1 day; (b) 3 days; (c) 7 days and 

(d) 28 days (MK – Plate structure and GP – Spherical 

geopolymer aggregates) 
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Figure 4.80 EDX spectrum at Point 1 for resulting paste cured at 60°C for 

72 hours after 28 days 
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Figure 4.81 XRD diffractograms of resulting geopolymer pastes cured at 

60°C for 72 hours after 1, 3, 7 and 28 days 
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Figure 4.82 XRD diffractograms of resulting geopolymer pastes at various 

curing temperatures after 28 days 
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Figure 4.83 FTIR spectra of resulting geopolymer pastes cured at 60°C 

for 72 hours after 1, 3, 7 and 28 days 
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Figure 4.84 FTIR spectra of resulting geopolymer pastes cured at various 

curing regimes after 28 days 
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Figure 4.85 Changes in oxide-molar ratios with NaOH concentrations 168 

Figure 4.86 Changes in oxide-molar ratios with S/L ratios 168 
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Figure 4.87 Changes in oxide-molar ratios with activator ratios 169 

Figure 4.88 Proposed chemical attack on geopolymeric powder to form 

resulting pastes 
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Kajian Tentang Laluan Penggeopolimeran Untuk Bahan-bahan Geopolimer 

Metakaolin 

 

ABSTRAK 

 

Kajian tentang penghasilan serbuk geopolimer metakaolin adalah bertujuan 

untuk meningkatkan produktiviti dan penggunaan produk geopolimer. Proses 

penggeopolimeran telah diaplikasikan dalam penghasilan serbuk geopolimer untuk 

sintesis pes geopolimer. Lumpur geopolimer dihasilkan melalui proses pengaktifan 

metakaolin dalam larutan pengaktif beralkali (campuran larutan NaOH dan natrium 

silikat). Lumpur geopolimer yang dihasilkan dimasukkan dalam ketuhar untuk 

memperolehi pes pepejal dan seterusnya dikisarkan kepada serbuk bersaiz seragam. 

Melalui konsep “hanya menambah air”, serbuk geopolimer dicampurkan dengan air dan 

diawetkan dalam ketuhar untuk menghasilkan pes geopolimer. Sifat-sifat fizikal dan 

mekanikal serbuk dan pes geopolimer termasuk kebolehkerjaan, tempoh pengesetan, 

ketumpatan pukal dan kekuatan mampatan telah dikaji. Selain itu, analisis SEM/EDX, 

XRD dan FTIR telah dijalankan. Keputusan menunjukkan bahawa keadaan optima 

untuk penghasilan serbuk dan pes geopolimer yang berkekuatan tinggi adalah dengan 

menggunakan larutan NaOH 8M, nisbah pepejal/cecair 0.80, nisbah larutan pengaktif 

0.20, keadaan pemejalan pada suhu 80°C selama 4 jam, 22% campuran air dan proses 

pengawetan yang dijalankan pada suhu 60°C selama 72 jam. Pes geopolimer yang 

dihasilkan mempunyai ketumpatan pukal yang rendah dan berpotensi untuk dijadikan 

sebagai bahan ringan. Pencampuran serbuk geopolimer dengan air menyebabkan 

ketumpatan struktur dengan pembentukan gel geopolimer yang lebih padat. Serbuk dan 

pes geopolimer turut menunjukkan kombinasi fasa-fasa amorfus dan hablur apabila 

dikaji dengan analisis XRD. Intensiti fasa zeolit semakin meningkat dengan peningkatan 

penuaan dan ini menekankan manfaat zeolit dalam peningkatan kekuatan mampatan pes 

geopolimer yang dihasilkan. Di samping itu, analisis FTIR menunjukkan pembentukan 

ikatan geopolimer dalam struktur. Nisbah molar SiO2/Al2O3, Na2O/SiO2, H2O/Na2O dan 

Na2O/Al2O3 yang optima adalah 3.10, 0.37, 14.23 dan 1.15. Kajian atas nisbah molar 

oksida menyimpulkan bahawa nisbah molar Na2O/Al2O3 dan H2O/Na2O memberi kesan 

yang tinggi kepada sifat mekanikal pes geopolimer. Hasil kajian ini jelas membuktikan 

bahawa penghasilan serbuk geopolimer metakaolin ini boleh digunakan dalam sintesis 

pes geopolimer.  

 

 

 

 

 

 

 

 

 

 

 

 

©
 T

his 
ite

m
 is

 p
ro

te
ct

ed b
y o

rig
in

al
 co

pyr
igh

t 


