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QUANTIFICATION OF THE METASTABLE CALCIUM ALUMINATE PHASES C2AHX USING AN EXTENDED PONKS METHOD
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ABSTRACT

The calcium-aluminate-hydrate C2AH8 (2CaO⋅Al2O3⋅8H2O) is the most prominent representative of the so called C2AHx phases, which are described in XRD studies on hydrated calcium aluminate cement (CAC). The “x” in the formula stands for the moles of H2O content of the unit cell. Due to problems of structure determination using XRD—in early hydration, often several metastable C2AHx phases with different basal spacing appear in XRD diagrams—no structural data are available for quantification using the Rietveld method. This paper presents an hkl model for quantifying these phases based on an extended PONKS methods [1,2]. An F-factor corresponding to the product of the volume square and density of C2AHx was determined herewith. The underlying hkl-model enables quantifications based on XRD diffractograms.

INTRODUCTION | BACKGROUND 

C2AHx plays an important role in the hydration of calcium aluminate cement (CAC), as it is a metastable hydrate phase and thus affected by the phenomenon of conversion as a thermodynamically metastable hydrate phase. Quantification of this phase is essential for evaluating the progress of conversion, both for academic and industrial applications. Important crystallographic research on C2AHx was carried out by [3–9]. During the hydration of CAC, not only C2AH8 but also C2AH7.5 and, secondarily, the form C2AH8.2 (with the highest basal spacing) are usually visible in XRD diffractograms as two or three reflections with d-values of their different (00l)-lattice plane. No structure for the Rietveld refinement of C2AHx has been published to date. However, in a diffractogram of pure C2AHx (where x can be attributed to a known value), a so-called “hkl-model” can be created with a Rietveld analysis software [1]. The scale factor of this model (the integrated area of the peaks, considering effects such as preferred orientation and reflection multiplicity) must then be proportional to the crystalline content of the phase in the sample, provided that the amorphous fraction approaches zero. To meet this requirement, numerous syntheses are necessary, ultimately leading to an error-free evaluation of the crystallinity of the C2AHx phase in the sample.
This scale factor is the decisive parameter (eq. 1) that enables absolute quantification of the crystalline phases and is later required for the G-factor approach [30]. When cell volume and density of a phase are unknown, which is the case when using an hkl-phase-model, an F-factor must be determined to replace this term (eq. 2). The procedure has previously been explained in a similar way for a C-S-H hkl-phase-model [1,2]. The newly calculated C2AHx hkl-phase-model then must be calibrated via the mass balance (knowledge of the amount of hydrated reactant) and stoichiometric balance and ultimately delivers the scale factor.

METHODS

C12A7 in combination with CH from lab-syntheses was selected for the synthesis of all C2AHx calibration samples investigated. CH and C12A7 were synthesized and evaluated as pure (>97%) by XRD.  The C12A7-CH powder was mixed with deionized and decarbonated water (water/powder = 10) in a CO2-free glove box. Immediately afterwards, the sealed containers with the suspensions were left for their early hydration in different temperature-controlled environments: 23 °C or 29 °C ± 2 °C or 10°C or combinations of temperatures. After reaction times of 2–24 hours, depending on the reaction temperature, the samples were centrifuged and dried at room temperature in a CO2-free glove box over a CaCl2 solution and then stored further at the corresponding temperature. In total, more than 100 recorded diffractograms from 42 C2AHx syntheses with variations in temperature and hydration and storage times were compiled and evaluated in this work to approximate the maximum scale factor and thus the crystallinity of C2AHx for calibration. The term “crystallinity” in connection with XRD evaluations is used synonymously with the C2AHx content in this work and therefore with the scaling factor of C2AHx, provided that the other parameters in Equation 1 do not change. The G-factor method was used for all XRD quantifications [10].
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G is the G-factor determined with an external standard [10]. The content of the phase of interest C2AHx = xi can be calculated if Fi is known (eq.1). Fi can be calculated indirectly from eq. 2, without knowing the density and cell volume of C2AHx, if xi is known. The value for xi in eq. 1 is at most 100 w% minus all quantified minor phases in the powder. The maximum possible content of precipitates, like minor CAH10 or monocarbonate, is added up, considering a stoichiometric mass balance to account for amorphous AH3. The difference between this sum and 100 w% is then the correct xi.
Key findings | CONCLUSIONS

For C2AH7.5, an hkl-model was generated based on the samples with the highest xi value (fig.1, fig 2). For the transfer of the model to the other two phases, C2AH8 and C2AH8.2, the c-lattice parameter must be adjusted in the Rietveld evaluation software according to their corresponding value [11]. Each diffractogram was analyzed and refined using the Rietveld analysis software TOPAS, Bruker AXS, V5: The 2θ range between 7◦ and 40◦ was selected. The first reflection of C2AHx occurs at approximately 8◦ 2θ, while no C2AHx peaks of significant intensity are found at angles >40◦ 2θ. First, a “peaks phase model” is created in the evaluation software, and peaks of smaller hydrate phases (monocarbonate, CAH10, and C3AH6) are excluded. The indexing solutions of different space groups were compared in terms of their goodness of fit (GOF) as well as the volume and lattice parameters a0 and c0 for a hexagonal unit cell (and a0, b0, and c0 as well as β for a monoclinic unit cell). The indexing solution with a P6 space group was selected and the required parameters (space group, a0, c0, volume of unit cell) were used for the generated “hkl-phase-model”. The primitive hexagonal space group (P6) provided the best GOF and thus an optimized fit for Rietveld quantification. All synthesized samples of C2AHx were subsequently evaluated with the generated hkl-model.
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Figure 1: Plot of the hkl-model determined for C2AH7.5 (C2AHx with a lattice spacing that fits samples, were C2AHx with x=7.5) and the lattice plains indexing. 
After all samples had been evaluated with respect to their non-determinable content (so the hypothetical C2AHx-content plus the potential over-all amorphous content of the sample) which is achieved by considering minor phase contents and an internal error analysis (errors for G factors, quantified phases, evaluation routines and microstructure limitations), a assumed xi, initially neglecting amorphous contents (eq. 2) could be plotted for all samples (fig. 2). It becomes visible that this value – regardless of the hydration condition and storage time – approaches a value that must be considered a 100% benchmark (fig. 2). No C2AHx crystallinity achieves a higher value, so it is concluded that this must be the maximum content of C2AHx with no or marginal amorphous content in the sample and therefore equals xi (eq. 2) within the scope of this study. Based on this xi (red, dotted line in fig. 2), a final Fi of 262.565 for eq. 2 is determined: Together with the hkl-model, as published in [11], this factor enables a correct quantification of C2AHx in hydrated CAC.
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Figure 2: C2AHx content of all synthesized samples of this study, quantified with the hkl-model in fig. 1. A maximum value for crystallinity of C2AHx is approached.
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