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Abstract
More than 60 billion kgs of industrial by-products such as fly ash, steel making slags, and garbage
melting furnace slags are generated every year in Japan. Almost all of them seem to have been
effectively used in mixtures with cement according to their chemical and mechanical properties in
the field of civil work. Fly ash and slags can be used to create geopolymers in a process that emits
less carbon dioxide than in the cement making process. This reduction in CO2 emission is important
because CO2 is one of the substances known to contribute to global warming. In the future, further
uses of these fly ash and slags must be explored. The chemical mechanism for hardening composite
materials by mixing aluminosilicate binders, such as fly ash, and slags with alkaline activators, such
as liquid NaOH and sodium silicate, is known as a geopolymer reaction. The hardened composite
material is called geopolymer. Geopolymers are produced by mixing two components of solid
binders like fly ash, slags, etc. and liquid activators like NaOH, KOH, sodium silicate and so on.
Geopolymers have recently been developed to be used as a replacement for Portland cement
concrete. The development of high compressive strength geopolymer using fly ash and slags will
strongly contribute to the fields of construction, geotechnical engineering, and architecture.
This lecture introduces the research to clarify the method for production, the strength diagnosis of
geopolymers, and the chemical and mechanical characteristics of geopolymers by mixing fly ash and
slags as binders with 48% NaOH (18 mol/L) and sodium silicate (Na2·nSiO2, n=3.2) as activators.
The research results are summarized as:
(a) To produce the high compressive strength geopolymers, slags has to be ground to be as fine as
possible,
(b) The compressive strength qu becomes generally the maximum value (qumax) when the weight
ratio, w, of the mixed solutions of NaOH and sodium silicate to the binder is 0.4 (= wopt : the
optimum value of w yielding qumax), regardless of the type of the binder,
(c) There is an optimum value, ηopt (the weight ratio of NaOH to sodium silicate) yielding qumax for
each binder,
(d) The η opt is well correlated with the factor Cas(=Al2O3 +SiO2 ) as: ηopt = 0.0157Cas – 0.414 and is
also well correlated with the factor Ccas (= CaO/Cas) as: ηopt = 0.842 – 0.580Ccas0.855 (see Fig.1)
and the value η opt for an arbitrary binder necessary to manufacture the high compressive
strength geopolymer is calculated by above either equation,
(e) The factor Ccas is effective to diagnose the high compressive strength geopolymers and the
binders having the factor Ccas in the range of 0.5 –1.2 (η opt =0.3 – 0.6) yields high compressive
strength geopolymers with qumax = 100 -168 N/mm2,
(f) The volume shrinkage ratio ΔV/V is generally less than 2% when Ccas is smaller than 0.9,
(g) The density ρt of geopolymers is clearly expressed as a function of the factor Ccas as: ρt = 2231.5
+ 171.7lnCcas, and
(h) The qumax can be fairly estimated by using three main chemical compositions of binder: SiO 2,
Al2O 3 and CaO as: qumax = 18.47exp(6.34×10-4X), where X = (SiO2 ×Al2O3)0.7×CaO (see Fig.2).
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