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Abstract: The reactivity of two commercial meta-kaolins with similar composition and specific
surface areas but different morphologies was tested during geopolymerization with potassium
silicate alkaline solution. Manual and short term mechanical stirrings were used to not complete
geopolymerization and to emphasize the powders surface reactivity. Moreover, radiation, infra red,
micro waves heating were used during curing. The degree of geopolymerization was checked by
SEM and N, adsorption (BET), FTIR and ’Al MAS NMR spectroscopies. The meta-kaolin powder
with rounded agglomerates was the less reactive, but it was the more sensitive to the various
geopolymerization conditions. The fine dispersed lamellar powder was more reactive and it was
mainly affected by mixing. The addition to the potassium silicate alkaline solution of a small
alkaline cation such as lithium favoured the dissolution stage during geopolymerization, but

decreased the melting temperature.
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In brief

Two commercial metakaolins were tested during partial geopolymerization with
potassium silicate in order to emphasize the different surface reactivities. Both manual and
short term mechanical stirring were used during slurries preparation, while radiation, infra
red and micro waves heating were used during curing.

The metakaolins had similar compositions and specific surface areas, but different
morphologi and dehydroxylation degrees deriving from different calcination kilns
technologies.

The degree of geopolymerization was checked by 27Al MAS NMR spectroscopy.
Moreover, ionic exchange in geopolymers by CsNO, and Co(NO,), was applied to monitor
accessibility of geopolymer inner volume. Only networked tetrahedral aluminium exhibit ion
exchange properties. Thus, charge balance (sum of the extraframework cations balancing
Al) can be used as a measure of geopolymerization in the network.

Besides the different dehydroxylation degrees the metakaolins had similar reactivity. The
metakaolin powder with rounded agglomerates and with lower water demand was more
sensitive to the various geopolymerization conditions than the fine dispersed lamellar one,
giving rise to very different micro and macrostructures of the partially geopolymerized
samples. IR heating seemed to slightly increase the geopolymerization degree, while MW
heating induces the fast evaporation of the water forming porous samples.

Samples preparation

The molar ratios are SiO./Al,0;=4 and Al,04/K,0=1. Geopolymer samples were prepared
by manual mixing or mild mechanical mixing (mec) at 10 r.p.m. After 5 min of mixing the
slurry was transferred into polyethylene moulds, which were sealed. After a maturation at
room temperature, the samples were cured in a laboratory heater (radiation heating),
infrared (IR), furnace and microwaves (MW) oven up to 80°C.
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***Degree of geopolymerization calculated as ratio of Al with resonance at 57 ppm to the total intensity of 27Al spectrum

The concentration of extranetwork cations in the geopolymer can be used as a measure of Al incorporated to
geopolymer network. Geopolymerized Al exhibits tetrahedral coordination and in the network of tetrahedral Si atoms
bears negative charge, which has to be balanced by extranetwork cation. As expected for partially geopolymerized
samples, that majority of Al atoms in geopolymer is not balanced by extranetwork cations. Thus, significant part of
Al atoms in both M1000 and M1200S metakaolins was not transfemed to tetrahedral network of geopolymer and
balanced by extranetwork cations and geopolymerization degree from Cs exchange results to be around 25% for
samples from both the metakaolins. The lower ion exchange capacity of Co exchanged geopolymer results from
proton exchange to geopolymer from acidic Co nitrate solution. However Co exchange seems to be more sensitive
to underline the difference between the reactivity of the two metakaclins and/or the effect of the curing and mixing
method.

27Al MAS NMR spectra exhibited resonance around 3, 28, 57 and 67 pp. Tetrahedral Al in the network of
geopolymer is characterized by a namow resonance at 57 pp. The other lines should be attributed to unreacted
metakaolin. Simulation of the spectra enabled to quantify concentration of Al reflected in individual resonance.
Curing in IR kiln seemed to improve only the degree of geopolymerization of M1000 samples, while mild mechanical
mixing increased geopolymerization degrees in samples from both the metakaolins.

However the geopolymerization degrees by 27Al MAS NMR spectra are little bit (< 5%) overestimated. Actually
the resonance at 57 ppm reflect both Al (IV) in geopolymer and in some metakaolins.
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