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Abstract

In this research, belite and Ye’elimite cements, so called “eco-cements’ were synthesized
via hydrothermal-calcination method using combustion by-products, including fly ash (FA),
bottom ash (BA), rice husk ash (RHA), Metakaolin (MK) and flue gas desulfurization gypsum
(FGDG) as starting materials, for construction applications and heavy metal encapsulation.
Effects of additives (viz. MnO, NaF, Fe,0, and Cr,(SO,),) on the synthesis of highly reactive
belite cement and Ye’elimite cement were studied.

When FA was used as a starting material, o’ -C,S was found as a majority phase
incorporating with mayenite as minorities at 800°C. B-C,S and o’ -C,S were obtained at higher
calcinations temperature CaO was also found due to the decomposition of mayenite phase.
Doped with NaF, B-C,S was preferred and in another way around for MnO doping.
Compressive strength of NaF doped belite cement at 28-day curing was 11.7 MPa. When BA
was used as a starting material, 0’-C,S was found together with gehlenite as a minor phase at both
800 and 900°C but above 1000°C, gehlenite was present as a majority. Doped with NaF, B-C,S
was present together with gehlenite as minority and o’ -C,S was formed together with mayenite
phase with MnO doping. Compressive strength of MnO-doped belite cement at 28-day curing

was 19.2 MPa. When RHA was used as a starting materials, o’ -C,S and -C,S were found as



major phases at 800°C. An increase in calcinations temperature, the crystallinity of
B-C,S was improved. Doped with NaF, B-C,S and Sodium Calcium Silicate compound were
found. With additions of MnO and Fe,O,, quantity of belite phase was decreased. Compressive
strength of undoped belite cement at 28-day curing was about 5-6 MPa at 800 and 1100°C
calcinations temperatures.

Ye’elimite cement could be synthesized from Al(OH),, FGDG and Ca(OH),. Ye’elimite
cement calcined at 1000°C encompassed compressive strength at 28-day curing of 20.6 MPa. The
uses of FA or Metakaolin as alumina sources did not give Ye’elimite phase. The uses of BA as
alumina sources did not give pure Ye’elimite phase. Gehlenite and anorthite phases which were
non hydraulic were found as major phases instead of Ye’elimite. With the addition of Cr,(SO,),
the mineralogical composition and microstructure of Ye’elimite cement were slightly changed

compared to that without additive.



