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I ntroduction

Addition of fine materials with an elevated spacsgurface has been observed to accelerate thetioydod
the main clinker phases by providing additionalleaton centres for reaction products, thereby ravgethe
concentrations of dissolved species at the disiate surface (e.g. Massazza, 2001; Korpa e28D8).
Moreover, the concentration of active surface sgdmked to the density of point, linear, andr@a defects
in a mineral (Juilland et al., 2010). Zeolites agt crystallinity, i.e. containing large domainseexpt of
planar defects, and low defect density were obsetwdoe less pozzolanically reactive and did noebrate
the hydration of the clinker minerals to the samiem®t as zeolitic material of lower crystallinitgriellings et
al., 2010). This could indicate that a relationsimght exist between the crystallinity of a matkead its
surface properties that furnish nucleation sitegarern the susceptibility to dissolution. In tisteidy, the
effect of material crystallinity on cement hydratibas been investigated by mixing a zeolitite andartzite
material with similar particle size distributionsttyvery different crystallinity indices with Portld cement.



In practice, the utilization of highly-reactive pmtans of elevated fineness such as finely growwditites or
microsilica necessitates the utilization of waentucing agents, so-called superplasticisers, iardalobtain
optimal binder strength performance without compsimg the initial fluidity or workability of the nx.

However, the adsorption of the organic superpliastisnolecules to the surface of both cement azdgan
particles may alter the early hydration of the dkxsh cements profoundly (Chandra, 2002). Therethis,
investigation intends to extend the findings ofliearesearch by in situ synchrotron X-ray diffiact on the
hydration of zeolite blended cements to mixturegt@iming a polycarboxylate ester (PCE) superplestic

Results

A comparison was made between the early-age hgdrafi cements blended with micronized zeolitite and
guartzite powders. The Portland cement replacemetfie mixes was 30 %, and the effect of introdgan
superplasticiser to lower the required water tads@tio was assessed. The cement pastes weretdydra
40 °C and monitored in situ by time-resolved syontion X-ray powder diffraction combined with Rielste
quantitative phase analysis. Fig. 1 shows a stdckynchrotron X-ray powder diffraction (SR-XRPD)
patterns for the zeolitite blended cement.
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Fig. 1. Stack of synchrotron beam current decay corretited-resolved SR-XRPD data for the zeolitite
blended cement (paste A) up to 48 hours of hydmafithe main reflection positions in the 2—-1&°r2gion
are indicated (Cli : clinoptilolite). The inteng of the anhydrous cement phases decrease shartplye
formation of crystalline (AFm, AFt and CH (Ca(O}))hydration products is noticeable.
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The quantitative evolution of phase weight fracsimhowed that the addition of the zeolite tuff achesl
both the onset of setting and accelerated the tigdreate of the main £5 cement component. Blending with
the quartzite powder of similar fineness did nde¢etfthe onset of setting and hydration rate. Rednof the
water to solid ratio by introduction of the supesiiciser had a retarding effect on the hydratibrthe
zeolitite-blended cement over the early hydratienqa up to 3 days.

The hydration products of the clinker silicate g zeolite-blended cements are Ca(Oi@H, cement
chemistry notation) and the calcium-silicate-hydré€-S-H) phase. The accelerated hydration of tife C
phase was paralleled by the precipitation of CH @a8-H. During the first 48 h of hydration a linear
relationship exists between the amount & Consumed and the amount of CH formed. Aftergkisod, in

the zeolitite-blended cement pastes, the lineatioglship was lost due to the consumption of CHhia
pozzolanic reaction. In the reference cements laadjtiartzite-blended cement the linearity was methover
the entire period of experimentation. In both thied &s the C-S-H phases structural evolutions during
hydration were identified. The analysed trends weng similar to the results reported in a previstisdy
(Snellings et al., 2010).



The AFt or ettringite reaction products, formed mpply after the addition of water to the mixtures,
underwent a crystal structural modification oves thduction period up to 4 to 6 hours of reactibig( 2).
The continuous contraction of tlecell parameter and expansion of #reell parameter towards the ideal
values for AFt or ettringite might reflect the situral adaptation of the AFt to the changing pduedf
chemistry. The observed structural changes wesedemounced in the zeolitite blended cement irtisiga
that a modification of the pore fluid chemical carsjion by zeolite cation exchange of surface guismm of
dissolved species on the zeolitite particles céachathe AFt structural evolution.
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Fig. 2. Evolution of the AFt lattice parameters during firet hours of reaction in mixtures A (zeolitite
Portland cement), B (Portland cement), C (zeoldaglBnd cement:superplasticiser) and E (quartzieténd
cement). The utilization of zeolitite as a blendo@mponent significantly shifts the AFt lattice gareters
compared to the quartzite blended and referencdaRdrcements. This could point to a modificatidrihe
aqueous phase composition by zeolitic cation expharontent or adsorption on active surface sitethef
zeolitite grains.
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