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Abstract 

We have systematically investigated the role of synthesis conditions upon the structure and 

morphology of xonotlite. Starting with a mechanochemically-prepared, semi-crystalline phase 

with Ca:Si = 1, we have prepared a series of xonotlite samples hydrothermally, at temperatures 

between 200 and 250°C. Analysis in each case was by x-ray photoelectron spectroscopy (XPS), 

environmental scanning electron microscopy (ESEM) and x-ray diffraction (XRD). There was 

increased silicate polymerisation with both increased synthesis temperature and duration of 

synthesis. Concerning crystal morphology, there was an increase in crystal size with increasing 

temperature, but this led to some crystal damage. Longer hydrothermal treatment however led to 

more perfect crystal morphologies.  
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Introduction 

Xonotlite, Ca6Si6O17(OH) (or C6S6H
†
 in cement chemistry notation) is a crystalline, calcium 

silicate hydrate. First discovered by Rammelsberg in 1866, the most prominent occurrences are 

Tetela de Xonotla (Mexico), (whence the mineral’s name), Crestmore (USA), Franklin (USA), 

Scwat Hill (Ireland) and Wessels mine (RSA). The chemical composition of most natural 

xonotlite samples does not differ substantially from the ideal formula, with traces of Fe, Mn and 

Na occasionally being incorporated. Qian et al. [1] showed that significant Mg substitution may 

occur, until Ca3.58Mg2.41Si6.04O17(OH)2 is obtained. 

However, mining cannot be justified economically, and applications have concentrated on the use 

of synthetic xonotlite, where of purity and mineralogy can be controlled. Much of the literature 

concerning hydrothermally treated calcium silicate hydrates is concerned with the effects of 

various synthesis parameters on the formation of tobermorite or phases with lower Ca/Si ratios, 

for example [2-3456]. However, there is still interest in the formation of synthetic xonotlite for a 

number of applications. Xonotlite is an important constituent in thermally-cured, cement-based 

materials [7,8]. It has also been used for its thermo-insulating properties [910,1112], and its use 

as a filler material has been reported many times, e.g. to improve the flexural strength of cement 

matrices [13], or as a filler in organic polymers in either moulded materials [14] or brake linings 

[15]. With ever more pressure to produce more environmentally benign materials, there ha been 

                                                 
†
 We have used accepted cement chemistry nomenclature, whereby C, S and H indicate the 

oxides of calcium, silicon and hydrogen respectively 
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further work investigating the incorporation of magnesium into xonotlite, and hydrothermally 

synthesised xonotlite and magnesium-substituted xonotlite monoliths have been shown to possess 

considerable compressive strengths and dimensional stabilities [16]. 

The structure of xonotlite, and the conditions under which it may be formed is also of interest to 

the oil and gas industry, where oil well cements may encounter temperatures and pressures of up 

to 200ºC and 1000 bar when present between the steel well casing and the surrounding rock [17]. 

High temperatures together with either high or ambient pressures may also be present in long-

term nuclear storage facilities, leading to interest in xonotlite formation and stability from this 

perspective also [18,19]. 

Xonotlite’s structure was initially described by Mamedov and Belov [20] and subsequently by 

Kudoh and Takeuchi [21]. It comprises double silicate chains [Si6O17], so called 

Dreierdoppelketten [22], linked via undulating sheets of edge sharing Ca-polyhedra stacked along 

the c direction. There are two types of Ca-polyhedra, 1/3 of which are 6-fold coordinated and 2/3 

being 7-fold coordinated [21]. Adjacent Ca-polyhedral sheets are about 7 Å apart along the c axis 

corresponding to the (002) reflection in the powder diffraction pattern. Two different translation 

mechanisms, concerning the arrangement of the double chains relative to one another, give rise to 

four simple polytypes. 

Xonotlite forms readily under hydrothermal conditions above 180°C [2] and is the predominant 

stable phase over the range 180-300°. At lower temperatures, 11 Å tobermorite is almost always 

present, with an 11 Å tobermorite-xonotlite-transition temperature of about 140°C [2- 3 4], 

although the stability of 11 Å tobermorite increases with its aluminium content [5]. Kinetic 
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studies confirm that tobermorite is an intermediate in the formation under hydrothermal 

conditions of xonotlite from calcium silicate hydrate. Shaw et al. [5] proposed that under 

hydrothermal conditions, C-S-H was converted initially to a defect tobermorite structure and then 

to either tobermorite or xonotlite via ordering of the octahedral CaO sheets. Hydrothermal 

treatment of lime-silica-quartz mixtures with Ca/Si ratios of 0.8 at temperatures between 120 and 

180ºC for up to 20 hours produced only tobermorite [6]. However, Chan et al. did observe the 

formation of xonotlite-tobermorite mixtures from the same samples treated at 180ºC for 20 hours 

or longer, and just xonotlite when the Ca/Si ratio was 1 after treatment beyond 20 hours at 180ºC 

[6]. Kalousek et al. [9] state that the conversion of tobermorite to xonotlite is topotactic, i.e. 

occurs with no change in particle morphology, and for this reason synthetic xonotlites are often 

found to be slightly calcium deficient, with charge balancing being achieved by Si-OH groups. 

Under hydrothermal conditions with Ca/Si ratios of 0.5 to 1.0, xonotlite-gyrolite mixtures coexist 

over the temperature range 200-300°C, [19,23,24] whilst xonotlite and truscottite are stable 

above 300°C [25]. Upon dehydration, at 780-835°C, xonotlite is converted topotactically to β-

CaSiO3 (wollastonite) [5], possibly via an intermediate structure occurring at about 735°C [26]. 

In this study we hope to show how the synthesis conditions of hydrothermally synthesised 

xonotlite influence the resultant structure, in particular the extent of silicate polymerisation and 

crystal morphology. Starting with a semi crystalline C-S-H phase (C-S-H(I) with Ca/Si=1.00), we 

have prepared xonotlite hydrothermally at three different temperatures (200, 220 and 250°C) with 

subsequent analysis by XRD, XPS and ESEM.  

Experimental 

Sample Preparation  
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Semi-Crystalline C-S-H I (Ca/Si = 1) 

The precursor for the synthesis of the crystalline xonotlite was a C-S-H gel with Ca/Si = 1. This 

phase was synthesised according to the procedure of Saito et al. [27]. A freshly-prepared, 

stoichiometric mixture of CaO (from reagent grade CaCO3 (Merck) treated at ca. 1000°C), highly 

dispersed SiO2 (Aerosil) and doubly distilled water (boiled so as to remove CO2) (w/s = 4) was 

ground for 12 hours in an agate ball mill. The mill was loaded under nitrogen, in a glove box, to 

prevent reaction with atmospheric carbon dioxide, so called carbonation. After mechanochemical 

treatment, the mill was emptied and the sample dried at 60°C in the glove box. 

Synthetic Xonotlite 

The crystalline xonotlite samples were prepared via hydrothermal treatment of the gel phase 

described above. The C-S-H gel was treated hydrothermally for 1 week at 200, 220 or 250°C in 

PTFE inserts within steel autoclaves. An additional sample was synthesised at 220°C for 2 

weeks. Hydrothermal treatment either at lower temperatures or for shorter than 1 week were 

investigated, but these were found to yield 11 Å tobermorite over xonotlite, which is known to be 

metastable under such conditions [4], indeed in many other studies into the formation and 

stability of xonotlite, tobermorite-xonotlite mixtures have been the early stage or low temperature 

reaction products [2-5]. After hydrothermal treatment, the samples were washed with ethanol and 

dried at 60°C in a drying cabinet. The presence of tobermorite after such long periods contradicts 

the findings of Chan et al. who found xonotlite after hydrothermal treatment beyond 20 hours [2]. 

However, they used a w/s ratio of 20, aiding silicate dissolution and hence xonotlite formation. 

Our use of a much lower w/s ratio necessitated a longer synthesis time. 

XRD 

X-ray diffraction was performed in reflection mode using a D8 Advance diffractometer (Bruker-
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AXS) equipped with a CuKα anode and a silicon solid-state energy dispersive detector. 

Measurements were performed over the 2θ-range 5-140°, with a 0.02°2θ step size and 15s/step. A 

set of variable slits (VDS) were used to maintain an illuminated sample length of 20 mm.  

XPS 

Each sample was analysed as received, with the powders being pressed onto adhesive-backed 

copper tape before introduction into the vacuum chamber. Analysis was performed using a VG 

Escascope fitted with a MgK (h=1253.6 eV) X-ray source operating at 260 W (13 kV, 20 mA). 

After an initial wide spectrum, regional spectra were recorded with a 30 eV pass energy for the 

important elemental lines, (Si 2p, Si 2s, Ca 2p, O 1s and C 1s). 

Data were extracted from the spectra via peak fitting using XPSPeak software (available by 

download from: http://www.phy.cuhk.edu.hk/~surface/). A Shirley background and an 80:20 

Gaussian:Lorentzian peak shape was assumed in all cases. Spectra were corrected for charging 

effects against the adventitious carbon peak at 284.8 eV. 

ESEM 

Sample morphology was investigated using a Philips XL30-FEG Environmental Scanning 

Electron Microscope (Philips, Eindhoven, Netherlands). The images were obtained using a 

gaseous secondary electron detector with water vapour as the imaging gas. Typical operating 

conditions were a water vapour partial pressure of 1.0 mBar and 10 kV accelerating voltage, 

although slight variations were occasionally used to optimise image quality. Powder samples 

were prepared by sprinkling the powders onto adhesive-backed carbon foils, which were then 

fixed to the sample holders and introduced into the microscope. 
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Results and Discussion 

XRD 

The phases identified in the X-ray powder diffraction patterns of the various samples are shown 

in Figure 1. The mechanochemically prepared sample comprises predominately C-S-H (I) (ICDD 

No. 34-0002) and thus resembles the poorly-crystalline product formed upon hydration of 

Portland cement. The powder diffraction pattern of C-S-H (I) itself closely resembles that of 11 Å 

tobermorite [28,29]. This is illustrated by the additional diffraction patterns shown in Figure 1, 

i.e. a mechanochemically synthesised C-S-H phase with C/S = 1 prior to any hydrothermal 

treatment (MCT C/S=1.0 RT) and 11 Å tobermorite prepared by hydrothermal treatment at 

170°C for 5 days of a mechanochemically synthesised C-S-H with C/S = 5/6 (MCT C/S=5/6 

170ºC 5d). The hydrothermally treated samples all comprise primarily xonotlite, with traces of 

calcite, although the sample prepared at 200°C also shows a small quantity of 11 Å tobermorite. 

The diffraction patterns are sharper than those often published for synthetic xonotlite, for 

example [12,16], which is in support of Hamilton and Hall’s statement that synthetic xonotlite 

often exhibits a lower degree of crystallinity than natural samples [11]. However, the 

hydrothermal treatment times were considerably longer in our experiments than in many previous 

studies. As mentioned elsewhere in this manuscript, the lower w/s ratios used in our study led to 

reduced silicate dissolution, and therefore necessitated longer hydrothermal treatment. This 

subsequently appeared to have a positive influence on the degree of crystallinity. 

There is strong evidence of preferred xonotlite orientation in the different samples. The strongest 

peak for xonotlite is 320 according to ICDD 23-0125 or 2-20(120) according to Kudoh and 

Takeuchi [21] (i.e. at 3.08Å). This peak dominates the powder diffraction pattern of the sample 
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prepared at 200°C, indicating a relatively low degree of preferred orientation. With increasing 

temperature, the peaks 00l and h0l dominate the diffraction patterns, indicating preferred 

orientation. For example, the strongest peaks in the powder pattern of the sample prepared at 

250°C are –402(2.7 Å), 202(3.23 Å) and 001(7 Å) (indexed according ICDD No. 23-0125). It 

should be noted however that increasing synthesis temperatures led to longer, thinner crystals 

(see below), and this may be the cause of the increased preferential orientation described above. 

Increased synthesis temperature also led to improved resolution of the peak 026(1-26) according 

to [21] at 1.957 Å, visible as a shoulder to the left of the strong peak at 1.947 Å (322), and the 

peak at 3.2 Å (022(1-22) according to [21]). Generally, the sample synthesised at 200°C showed 

the broadest reflections, in agreement with the findings of others [5,9,16], implying the smallest 

coherent scattering domains. Trends in the breadth of the other peaks were dependent upon the 

reflection of interest, and may be due to the formation of different polytypes at different 

temperatures. However, at present this is uncertain and will form part of a future study.  

XPS 

X-ray photoelectron spectroscopy (XPS) is a technique well suited, but little utilised, for the 

study of structural changes in mineral systems. We have shown how XPS may be used to 

investigate the structures of crystalline calcium silicates [30] and calcium silicate hydrates [31-

34], relating spectral features to structural changes. Binding energies and peak widths (in 

particular the silicon 2p and 2s lines) provide information as to the extent of silicate 

polymerisation and the degree of structural disorder. Phases may additionally be described in 

terms of the energy separation between the Ca 2p and Si 2p peaks. This approach was used by 

Regourd et al. [35] and Thomassin et al. [36] when investigating the hydration of tricalcium 
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silicate and dicalcium silicate respectively, and more recently by ourselves when investigating the 

natural aging of both of these phases [30]. Additionally, structural information can also be 

gleaned from examination of the O 1s spectra, in particular the energy separation and peak 

intensities of signals ascribed to bridging and non-bridging oxygen species [33]. 

Earlier studies posed an interesting question. If increased polymerisation can be followed by 

changes in photoelectron spectra, how sensitive is XPS to differing degrees of crystallinity?  

Various relevant spectral data are presented in Table 1, and for increased clarity in figures 2-4. 

Also, for comparison, we present the data for mechanochemically synthesised C-S-H with C/S = 

1 and a pure 11 Å tobermorite sample, with a Ca/Si ratio = 0.83, prepared hydrothermally at 

180°C for 5 days. 

The mechanochemically prepared sample had a Si 2p binding energy of 101.82 eV. Aside from 

our studies [30-34], we have been unable to find other XPS studies of pure C-S-H phases, but 

McWhinney et al. [37] and Mollah et al. [38] reported Si 2p binding energies of 101.5 and 102 

eV for hydrated OPC respectively
‡
. Similarly, Thomassin et al. observed a Ca-Si energy 

separation of 244.9 eV after hydration of dicalcium silicate for 4 days [36], whilst Regourd et al. 

                                                 

‡
 Note: there is some uncertainty over the precise binding energy of the C 1s signal from 

adventitious carbon, used to correct for sample charging. We have used a value of 284.8 eV, but 

values between 284.6 and 285 eV may be found in the literature. Accordingly, when quoting 

binding energies from the literature, we have re-calculated the binding energies against an 

adventitious carbon signal at 284.8eV. We have refrained from quoting data where the extent of 

charge correction has not been stated. 
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reported a separation of 245.1 eV after hydration of tricalcium silicate for 4 hours [35]. This 

compares with a value of 245.19 eV for our mechanochemically prepared sample. Thus, we may 

say that, on the basis of the degree of silicate polymerisation, the semi-crystalline C-S-H phase is 

similar to that found in hydrated ordinary Portland cement. This is confirmed by recent Raman 

analysis of mechanochemically synthesised C-S-H phases, which were found to possess 

tobermorite-like structures [39]. 

There are marked changes in the spectra upon hydrothermal treatment, i.e. upon crystallisation of 

xonotlite, most noticeably in the Si 2p spectra, (Figure 2). Hydrothermal treatment leads to an 

increase in Si 2p binding energies, implying a higher degree of silicate polymerisation [30-34,38-

41]. Similarly, Chen et al. [42] observed a decrease in Ti 2p binding energies of gadolinium 

titanates upon their amorphization, attributed to an increase in the covalent nature of the 

amorphous phases over the crystalline ones. Comparing the results from the three samples 

synthesised for 1 week, there is an increase in Si 2p binding energy with increasing synthesis 

temperature, indicating increased silicate polymerisation, although, as with the XRD data, the 

effect diminishes with ever increasing synthesis temperature.  

Hydrothermal treatment also leads to sharper Si 2p peaks, the peaks becoming ever sharper with 

increasing synthesis temperature. If we consider that shifts in binding energies reflect changes in 

the electronic environment of an element, then sharper peaks indicate the presence of fewer 

environments, i.e. a more ordered structure. Thus, we may assume the semi-crystalline phase to 

posses a disordered structure, becoming more ordered upon crystallisation of xonotlite, and 

increasingly so with higher synthesis temperatures. This, together with the binding energy and 

XRD data may indicate that the structure is becoming more ordered. This is not unexpected, and 



 

 

 

11 

has been seen in the XRD results of many other studies, for example [2,6,16]. Kalousek et al. 

postulated that higher temperatures should accelerate the topotactic tobermorite-xonotlite 

recrystallisation, therefore leading to more rapid improvements in xonotlite crystallinity [9]. 

In Table 1 we also report the Si 2s binding energies and peak widths. It is more common to report 

the Si 2p lines, these being sharper and more intense than the Si 2s lines. However, other authors 

have reported problems measuring the former when using aluminium Kα X-ray sources [40,43]. 

Therefore, to enable ready comparisons between our results and others, we measured both sets of 

lines. Trends were equally evident in both sets of lines. 

As for the silicon spectra (Si 2p and Si 2s), there is a significant increase in Ca 2p binding 

energies upon hydrothermal treatment. However, in this instance there is no further dependency 

upon synthesis temperature or duration. We suppose that crystallisation leads to shorter Ca-O 

bonds and thus slightly higher Ca 2p binding energies. We observed a slight relationship between 

structure and Ca 2p3/2 binding energies for numerous crystalline C-S-H phases [31]. However, 

this was related to changes in calcium coordination number rather than the extent of 

polymerisation. We did not see a dependency upon C/S ratio when examining a series of 

mechanochemically synthesised C-S-H samples [34]. Thus we can infer changes in the strength 

of bonding upon hydrothermal treatment, but no significant changes in bonding dependent upon 

synthesis conditions. 

As mentioned above, the energy separation between the Ca 2p3/2 and Si 2p peaks has previously 

been used to assess the extent of silicate polymerisation [30,34,35,36], there being a decrease in 

energy separation with increasing polymerisation. This approach has the advantage of negating 
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errors due to charge correction, but does not allow comparisons between phases that are too 

dissimilar. For instance, calcium and magnesium silicates may not be compared. Accordingly, the 

data shown in Table 1 and Figure 3 illustrate how both increased synthesis temperature and 

duration lead to increased silicate polymerisation. 

The final method used to assess the extent of polymerisation is the separation of the bridging and 

non-bridging components of the O 1s spectra. This has often been used for the examination of 

glass samples. Mekki and Salim observed a decrease in peak separation when the electronic 

environments of the bridging and non-bridging oxygen atoms were more similar [44]. In their 

case this was a result of the presence of different metals in silicate glasses. However, we have 

recently found that the peak separation may also be related to the extent of silicate polymerisation 

[33], whereby for a given anion type, the separation decreases with increasing polymerisation. 

Thus, as seen in Table 1 and Figure 4, assuming that all of the phases are inosilicates, i.e. chain 

silicates, the phases are increasingly polymerised with increasing synthesis temperature. 

Finally, as mentioned above, in Table 1 and figures 2 – 4 we show the equivalent recorded data 

from an 11 Å tobermorite sample, with a Ca/Si ratio = 0.83, prepared hydrothermally at 180°C 

for 5 days. We have stated earlier that xonotlite syntheses attempted at lower temperatures or for 

periods of less than 1 week yielded 11 Å tobermorite. As mentioned earlier, it is well-known that 

11 Å tobermorite is an intermediary in the formation of xonotlite [2,9]. From the data in Table 1, 

it is clear that, on the basis of the extent of polymerisation, 11 Å tobermorite is an intermediate 

phase between the semi-crystalline C-S-H gel and crystalline xonotlite. Note that the Ca 2p3/2 

binding energy is a little lower than the other samples, but this is a result of the increased calcium 
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coordination number in 11 Å tobermorite compared to xonotlite. 

ESEM 

Figures 5 to 9 show ESEM images of the various samples. The mechanochemically prepared 

sample shows no distinct features, appearing simply as a poorly-defined mass (Figure 5). 

Hydrothermal treatment led to the formation of needle or lath-like xonotlite crystals typical of 

xonotlite [12,16,17]. 

Samples prepared at 200°C were typically 10-20 µm long with flat ends (Figure 6). Hydrothermal 

treatment at increasing temperatures led to the formation of longer and thinner crystals. At 220°C 

the crystals were approximately 20-30 µm long, but with feathered, rather than flat, ends (Figure 

7). We presume this feathering to be a result of calcium dissolution from between the silicate 

chains. This proceeds from the ends of the crystals, where the calcium sheets are in contact with 

the water in the autoclave. Synthesis at 250°C led to crystals approximately 30-40 µm long 

(Figure 8). However, these crystals were much thinner than those formed at lower temperatures. 

We assume that at these higher temperatures there had been more pronounced loss of calcium 

leading to splitting of the crystals along their c-axis. Similar behaviour and similar crystal 

morphologies have been observed upon exposing xonotlite to ammonium nitrate, a calcium 

chelating agent [45], also associated with the loss of the polyhedral calcium sheets. 

Increased duration of hydrothermal treatment did not lead to the synthesis of longer crystals. 

Crystals synthesised at 220°C for 1 or 2 weeks were still approximately 20-30 µm long, but 

without the feathering as seen after 1 week (Figure 9). Rather, the crystals had a similar 

appearance to those formed after 1 week at 200°C, only longer. 
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As with the XRD and XPS data, hydrothermal treatment of a mechanochemically synthesised 

C-S-H sample with a tobermorite-like structure, leads to significant structural changes, with 

xonotlite being formed at 200°C. Hydrothermal treatment at higher temperatures led to only 

slight further changes. The xonotlite crystals formed in this study were considerable larger than 

hose formed in many other investigations. Takahashi et al. [12] synthesised 10 µm long xonotlite 

crystals after hydrothermal treatment at 200
o
C for 8 hours with a w/s ratio of 20. Under the same 

conditions, but in the presence of pulp fibres, the crystals were just 3 µm long and 0.2 µm wide. 

Similarly, Mitsuda et al. [8] observed the formation of xonotlite fibres considerably smaller than 

10 µm after 64 hours at 180
o
C with a w/s ratio of 0.70. This agrees closely with Milestone and 

Ghanbari Ahari [16], who also saw sub 10 µm crystals of xonotlite after 24 hours under 

autogeneous steam pressure at 200-250
o
C with w/s ratios of 0.44 to 0.94. Based upon 

comparisons between our results and these three articles, it appears to be the duration of 

treatment which has the greatest influence upon crystallite size, rather than temperature or w/s 

ratio. 

Conclusions 

 What is the significance of the present work?  

 What are the main differences between the present 

work and that reported by others? 

 The effects of processing parameters on the 

synthesis are summarised. However, the relevant 

mechanisms/reasons are not given. 

 

We have synthesised xonotlite hydrothermally from a C-S-H gel with Ca/Si = 1 and w/s = 4, with 

analysis by X-ray diffraction, X-ray photoelectron spectroscopy and environmental scanning 

electron microscopy. To ensure pure xonotlite, i.e. free from tobermorite, it was necessary to 
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synthesise the samples at 220°C for one week, although at 200°C only traces of xonotlite 

remained. This contradicts Chan et al. [2] who obtained xonotlite after just 20 hours of 

hydrothermal treatment. However, since silicate dissolution is a key step in the formation of 

xonotlite, our use of a much lower w/s ratio (4 as opposed to 20) necessitated a longer synthesis 

period. 

Control of the synthesis parameters, i.e. temperature and duration of hydrothermal treatment, 

enabled control of the extent of polymerisation and crystal size. The findings are summarised 

below: 

 In agreement with many other studies, increased synthesis temperature led to increased 

silicate polymerisation (seen via the increased Si 2p binding energies) and increased 

structural ordering (seen via the sharpening of the Si 2p photoelectron peaks). 

 Increased synthesis temperature led to larger crystals, but the crystals also appeared to have 

split along their length. 

 Increasing the duration of hydrothermal treatment from one to two weeks led to increased 

silicate polymerisation. 

 Longer hydrothermal treatment did not lead to the formation of larger crystals, but did lead to 

more perfect crystal morphologies. 
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Figure 5 
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Figure 6 
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Figure 7 

 



 

 

 

23 

Figure 8 
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Figure 9 
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Tables 

Table 1: Various XPS spectral data from the different phases analysed. 

Energy (eV) Tob-180 MC 1-200 1-220 1-250 2-220 

Si 2p       

Binding Energy 101.89 101.82 102.18 102.20 102.21 102.31 

FWHM  2.44 2.37 2.33 2.14 2.11 2.15 

Si 2s       

Binding Energy 152.92 152.87 153.21 153.21 153.23 153.40 

FWHM  3.33 3.22 3.16 2.86 3.00 2.94 

Ca 2p3/2       

Binding Energy 346.83 347.01 347.10 347.04 347.04 347.10 

FWHM 2.03 2.13 1.88 1.81 1.75 1.83 

       

Ca-Si 244.94 245.19 244.92 244.84 244.84 244.79 

BO-NBO 1.474 1.521 1.451 1.421 1.403 1.415 
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Figure Captions 

Figure 1. X-ray powder diffraction patterns of the various samples. The reflections of the 

mechanochemically prepared sample with C/S=1.0 shows a close similarity to those 

of C-S-H(I) and 11 Å tobermorite. 

Figure 2: Changes in Si 2p binding energy and FWHM depending upon synthesis conditions. 

Figure 3:  Changes in Ca-Si, (the energy separation between the Ca 2p3/2 and Si 2p peaks) 

depending upon synthesis conditions. 

Figure 4:  Changes in BO-NBO, (the energy separation between bridging and non-bridging 

components of the O 1s signals), depending upon synthesis conditions. 

Figure 5: Mechanochemically prepared C-S-H, Ca/Si = 1.00 

Figure 6:  Xonotlite prepared hydrothermally at 200°C for one week. 

Figure 7:  Xonotlite prepared hydrothermally at 220°C for one week. 

Figure 8:  Xonotlite prepared hydrothermally at 250°C for one week. 

Figure 9:  Xonotlite prepared hydrothermally at 220°C for two weeks. 
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