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Abstract

This study proposes the deconvolution method for the nanoindentation test results of geopolymer employing the Gaussian mixture model.
Geopolymer has been studied extensively as an alternative construction material because it emits relatively lower CO, compared to ordinary
Portland cement. Geopolymer is made of aluminosilicate and alkaline solution, and the Si/Al molar ratio affects its mechanical properties.
Previous studies revealed that the Si/Al molar ratio of 1.8~2.0 results in the highest compressive strength, and the Si/Al molar ratio over 1.8
degrades the compressive strength of geopolymer severely; however the reason for the compressive strength degradation is still unclear. To
understand the effect of the Si/Al molar ratio on the geopolymer structure, this study exploits the nanoindentation. The phase deconvolution of
the indent modulus data is successful using the Gaussian mixture model, and it is observed that the Si/Al molar ratio alters the homogeneity of
the geopolymer. Geopolymer becomes more homogeneous up to an Si/Al molar ratio of 1.8 at which geopolymer exhibits the highest
compressive strength. The examination of this study is assumed to be adopted as evidence of strength degradation by the Si/Al ratio higher
than the optimum value.
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Table 1 Mix design of geopolymer specimens

Specimen | Metakaolin | Silica fume NaOH Water
Geol 4 0.43 0.08 0.15 0.34
Geol.6 0.41 0.12 0.14 0.33
Geol.8 0.38 0.16 0.13 0.33
Geo2.0 0.36 0.19 0.12 0.33

22 bl o] 4 AE

- 2ldig|o] A A14-& CSM Instruments A}2] Ultra Nano-
indentation 0]-&5}o] =83}t WA AJH-L& 2F10 x 5 mm
o Ao debA Slsislon sedel Brisin &

oAl Al ol ol
QldiE o] A A agholl 3k
Olﬁ}. 24:4-9] pHigke] 10 0]}

%% A 2ANT 08, 0l

Fig. 1 Picture of the nanoindentation instrument and a specimen
installed
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Fig. 2 Load profile of the nanoindentation test (a) and examples
of the test results (b)
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Fig. 3 Relationship between the indent modulus and hardness of
geopolymer from the nanoindentation results
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Table 2 Indent moduli of the main geopolymer structure
Geo 1.4 Geo 1.6 Geo 1.8 Geo 2.0
No. M H w M H w M H w M H w
1 6.75 0.34 0.27 12.10 1.00 0.48 17.61 1.42 062 6.75 0.39 0.43
2 11.42 0.71 0.44 16.82 1.21 0.31 9.87 068 0.37
3 17.58 1.11 0.15
M: Indent modulus; H: Hardness; w: Weight of each phase
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