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ABSTRACT

Geopolymer is recognized as an alternative to ordinary Portland cement
(OPC) due to its lower carbon emissions during production, higher
strength, and good durability. Its inorganic framework determines its
resistance to high temperatures. This paper presents a physico-chemical
transformation of geopolymer under elevated temperatures, focusing on
processes such as hydration, dehydroxylation, phase changes, pore
structure alterations, and thermal shrinkage. These transformations
explain its better resistance to high temperatures compared to ordinary
Portland cement. Changes in the mechanical strength of geopolymer
concrete and the mechanisms behind its increased/decreased resistance at
high temperatures are summarized. Internal factors influencing the
resistance to high temperatures in geopolymer concrete are
comprehensively reviewed, including the choice of precursors, type of
alkali cations, Si/Al ratio in the geopolymer system, and aggregate
materials. The addition of certain additives and fibers can enhance the
high-temperature performance of geopolymer concrete. Some researchers
have investigated the high-temperature performance of geopolymer, and
their efforts are reviewed comprehensively here. The insights provided in
this paper will be valuable for researchers and engineers aiming to conduct
further studies and applications in the field of high-temperature resistance
of geopolymer.
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Main findings

[16] FA
[30] FA
[31] MK
[32] MK
[33] MK
[34] FA/slag
[35] FA/slag
[36] FA/slag
(371 FA, MK

The phase composition remained stable up to 800 °C. Above this temperature, the amorphous content dropped (down to 66 wt% at
1000 “C) and sodium feldspars formed.

A significant amount of crystalline phases took place after firing at 800 “C.

Nepheline and carnegieite form on heating to 900 “C in the geopolymer phase and after exposure to 1000 °C, the mortar samples were
transformed into polycrystalline nepheline/quartz ceramics.

Geopolymer retained X-ray-amorphous tetrahedral Al and Si network up to the onset of melting at 1300 °C.

Potassium sialate geopolymers show little sign of melting up to 1400 °C, its amorphous structure being replaced by the crystalline
feldspars leucite and kalsilite at 1000 “C.

The binder gel started to crystallize at 600 “C, increasing the porosity and reducing the strength, and this continued to 800 “C.

At temperatures above 900 °C, the activated matrix is densified, and the crystalline phases, such as sodalite, nepheline, albite and
akermanite, are identified.

The XRD patterns of paste exposed to 800 °C showed peaks corresponding to the presence of the main phases such as akermanirte
(CazMgSiz05), gehlenite (CazAl[AlSiO;]), anorthite (CaAl;Siz0g), and minor quantity of nepheline ((Na, K)AISiO).

Free alkalis present in the geopolymer matrix lead to the formation of nepheline and albite at temperatures above 900 °C.
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OPC OPC-HT Geopolymer Geopolymer-HT
Porasity (%) 0.6 0.6 37 10.5
Mean diameter (pm) 4.7 11.0 5.6 6.3
Total number of pores ( x 1000) 134 17 53373 5623
Volume fraction of pores under 50 pm (%) 4 & 61 21
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