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The development of the crystalline microstructure of a hydrating self-leveling compound (SLC) was analyzed
using a two-dimensional XRD (GADDS). The application of non-destructive micro-diffraction with the
GADDS, combined with a custom-made sample holder, made it possible to carry out position-sensitive in-
situ measurements of a Calcium–Aluminate–Cement-(CAC)-dominated SLC. Different substrates were used
in the measurement procedures so as to acquire data regarding the influence of the properties of the ground
surface on the process of hydration. The results show that the crystalline microstructure is strongly affected
by the availability of free water. The strongly vertically-fluctuating water-content of the hydrating mortar,
which is mainly influenced by outside conditions, has a very significant effect upon the resulting ettringite
content. This fact is also reflected in the resulting microstructure of the cured SLC.

© 2012 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years the application of self-leveling compounds (SLCs)
has significantly increased. SLCs are highly developed, polymer-
modified dry mortar systems which are mostly used for renovation
on uneven substrates in old buildings but also for the construction of
new buildings to create a flat and smooth ground surface for final floor-
ing (parquet, carpet, linoleum, tiles, etc.). These dry mortars are ready-
to-use mortars, which have only to be mixed with a defined amount of
water before they can be applied on site. Depending on the quality of
the SLC, its application is carried out in thin layers between 1 and
20 mm thick on different types of substrates (concrete, screed,
wood). Furthermore, the demands placed on such a dry mortar system
are extremely high, both as regard its workability and its final proper-
ties. The properties which such a system needs to possess are, listed in
order of importance: self-leveling, low viscosity, fast setting, rapid
hardening, rapid strength-gain, rapid drying, dimensional stability, du-
rability, surface strength, and a strong adhesion to the substrate [1]. So
as tomeet these requirements, SLCs often contain more than ten differ-
ent inorganic and organic components. These components can be dif-
ferent mineral binders, but most of the SLCs are based on a cement-
containing formulation. Generally, this is a fast-setting cement system
consisting of a ternary mixture of Ordinary Portland Cement (OPC),
Calcium Aluminate Cement (CAC), and calcium sulfate (most common-
ly bassanite CaSO4∙0.5H2O). Additionally, mineral fillers such as lime-
stone flour and quartz sand, as well as different organic and inorganic
additives, are added to the dry mix to provide the desired properties.
The hydration of the ternary binder system leads to the formation of
ettringite (Ca6[Al(OH)6]2(SO4)3∙26H2O) as a major crystalline hydrate
rights reserved.
phase. It is therefore ettringite which is, along with the organic binders,
mainly responsible for the physical properties of the hardened mortar.
The hydration of the SLC, and therefore the formation of ettringite, is
heavily dependent on the availability of mix water. The application of
the SLC in thin layers (≥1 mm) across an area of several square meters
results in a very high ratio of surface-to-mortar volume. This may in
turn give rise to a rapid desiccation of the mortar due to the evaporation
of the mix water at the top surface [2] but also due to the possible ab-
sorption of the water by the substrate. Desiccation and loss of water
will result in a decrease of hydrate phases, mainly of ettringite content.
Consequently, the early strength of the SLC, and also the adhesion of
the SLC to the substrate, will be reduced.

There has been very little research published so far about the func-
tionality of SLC or about its hydration process. It is really only a hand-
ful of studies that have explored the hydration of different SLCs as
well as the influence of the different organic and inorganic compo-
nents of these SLCs on the hydration process. De Gasparo [3] investi-
gated the distribution and the influence of the organic additives in
SLCs and showed that, due to the evaporation of the water, some
additives will be enriched in the uppermost millimeter of the mortar
layer. Kighelman [4] focused on the hydration process of two ternary
binder systems, considering the impact on said process of different
additives. This latter study was also able to prove what a strong influ-
ence was exerted by a lack of water at the upper layer of the SLCs. This
early desiccation of the applied SLC led, it was shown, to a decrease in
the degree of hydration in the exposed surface layer.

In the present study, we determined the development of the
crystalline phases during hydration with a good vertical resolution
in dependence on the underlying substrate. Therefore we used a
General Area Detection Diffraction System (GADDS), combined with
an in-situ X-ray diffraction technique, to investigate the ongoing
hydration process in position-sensitive mode in three different
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Fig. 1. Sketch of the three measured layers of the 10-mm-thick SLC. The red oval shows
the spot of the X-ray beam. By moving the sample under the X-ray beam, a large area is
irradiated by the experiment. The gray bars represent the surface areas analyzed.
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areas: namely, near the bottom, in the center, and near the top of the
mortar. The benefit of using a 2-D approach as opposed to a conven-
tional XRD system consists in the fact of its offering the possibility of
investigating the hydration process under conditions which approxi-
mate as closely as possible to its real technical conditions. In an earlier
study [5] we presented the results of a qualitative approach. In con-
tinuation of this research, we have developed a method for quantify-
ing the increase and the decrease of the crystalline phases during
hydration on both a non-water-absorbent and a water-absorbent
substrate.

2. Materials and methods

2.1. Materials and sample preparation

Used in the study was a conventional CAC-based SLC (Table 1).
The mortar contained inorganic binders: namely, 50 wt.-% CAC,
30 wt.-% OPC, and 20 wt.-% hemihydrates (α-bassanite) respectively.

For each measurement, 18 g of the dry mortar was mixed with a
pre-defined amount of water (w/s=0.22) for 60 s, using a drilling
machine with stirrer. The fresh slurry was then immediately poured
into a specially designed and constructed in situ sample holder with
an inspection window made of Kapton film which provided a view
of a cross section (50×10 mm2) of the SLC [5]. Due to the defined
amount of mortar used, the resulting thickness of the SLC for every
measurement was limited to 10 mm. The sample holder was
equipped with an exchangeable base, so as to make it possible to sim-
ulate either a substrate consisting of a non-absorbent (PVC) material
or one consisting of an absorbent material (unglazed ceramic tile; BIII
according to standard EN 14411 with 15 wt.-% water-absorption).

2.2. General Area Detection Diffraction System (GADDS)

All measurements were carried out by means of a General Area
Detection Diffraction System (GADDS) manufactured by Bruker AXS.
This system allows investigation of the SLC in position-sensitive
mode [6,7]. The GADDS is equipped with cross-coupled Goebel mir-
rors at primary X-ray optics side with a pinhole collimator [8]. This
optics allows the detection of small areas of the sample, the degree
of smallness depending upon the diameter of the collimator used.
The two-dimensional HI-STAR detector covers both a wide range of
2-theta, which allows a reduction in the measurement time, and the
chi angle, which also serves to promote a rapid process of detection.
An advantage of the GADDS technique is that the entire 2-theta
range is measured with the same intensity. The lower end of the 2-
theta range is not, here, attenuated by primary or secondary aper-
tures. So as to analyze the vertical phase distribution of the hydrating
mortar, the SLC was investigated in horizontal slices (Fig. 1). This
made it possible to analyze the SLC over a total width of 45 mm.
Each layer was measured three times, using three independent prep-
arations, and over a hydration period of 10 h.

By way of an improvement upon previous qualitative measure-
ment data [5], only a single layer was measured within any single
Table 1
Composition of the CAC-based self-leveling compound.

Composition Component wt.-%

Ternary binder system Calcium Aluminate Cement (CAC) 35.0
Ordinary Portland Cement (OPC)
α-Bassanite

Mineral fillers Limestone flour 61.8
Chalkstone
Quartz sand

Organic and inorganic additivea 3.2

a The percentage of the additives results from the known percentages of the other
components.
preparation. Thus, the measurement time for each single scan was
15 min, while maintaining the time resolution of 40 scans. All in-
situ measurements for each layer were repeated three times with
the same instrumental parameters. The instrumental parameters
used for the investigations (see Table 2) were chosen so as to achieve
that specific resolution of the single scans which allows optimized
Rietveld refinements for GADDS data. The combination of the collima-
tor pinhole of 300 μm and the constant angle of incidence of the X-ray
beam of 9° resulted in a constant elliptical irradiated area (Fig. 1) with
a diameter of 1.92 mm to 0.3 mm over the entire measurement range.
As a result there was no possibility of a partial overlap of the layers in
the X-ray beam at any 2-theta range.

2.3. Rietveld refinement

The resulting diffraction pattern (frame) of each single scan was
integrated over 20°chi so as to generate conventional X-ray patterns
(intensity versus 2 theta) for the Rietveld refinement. For this reason,
there was selected a step size of 0.02°. The refinements were carried
out using the software TOPAS 3.0 (Bruker AXS) with fundamental pa-
rameter approach. For the determination of the instrumental param-
eters, as well as the emission profile of the GADDS, a NIST LaB6
powder was recorded with equivalent parameters. Due to the large
number of crystalline phases in the SLC (18 phases in the SLC dry
mix and 2 arising hydrate phases), all structural parameters, as well
as the crystallite size and the microstrain, were refined using mea-
surements of the individual raw SLC components (OPC, CAC, hemihy-
drates, limestone flour, milled quartz sand). For the refinement of the
phases there were used both unmodified structural parameters (ICSD
numbers: 79674, 87088, 174, 79529, 64759, 963, 1841, 100220,
16382, 9197) and structural parameters modified by Goetz-
Neunhoeffer [9] (ICSD numbers: 260, 2593, 2842, 27427, 203100,
71916, 30860) (Table 3).

Additionally, for the final refinement of the in-situ measurements
the unmodified structure parameters of ettringite (ICSD 155395) [29]
and of gypsum (ICSD 92567) (Table 3) were used. The characteristic
background caused by the Kapton film was fitted with a background
model using pseudo-Voigt functions [30].

For the refinement, three chronological consecutive diffraction
patterns (tn−0.25 h, tn, and tn+0.25 h) out of the 40 measurements
Table 2
X-ray parameters for the quantitative GADDS measurements.

Parameter Value

X-ray source Cu Kα
Voltage/current 40 kV/40 mA
Collimator pinhole 300 μm
Measurement angle (2θ) 10° 2θ to 44° 2θ
Measurement angle (chi) 60° (−30° to +30°)
Angle of incidence of X-ray beam (omega) 9°
Spot size of X-ray beam 1.92×0.3 mm
Measurement time single scan 15 min
Total measurement time 10 h



Table 3
Overview of the ICSD numbers used for the Rietveld refinement.

Phase Formula ICSD Reference

Calcite CaCO3 79674 [10]
Dolomite CaMg[CO3] 87088 [11]
Quartz SiO2 174 [12]
Bassanite CaSO4·0.5H2O 79529 [13]
CAa CaAl2O4 260 [14]
C12A7

a Ca12Al14O33 2593 [15]
Ferrat (CAZ)a Ca2Fe1.43Al0.57O5 2842 [16]
Gehlenitea Ca2(Al,Fe)2SiO7 27427 [17]
C3FTa Ca3TiFe2O8 203100 [18]
Perovskitea CaTiO3 71916 [19]
Magnetitea Fe3O4 30860 [20]
Alite Ca3SiO5 64759 [21]
β-Belite Ca2SiO4 963 [22]
α′-C2S Ca2SiO4 – [23]
C3A (cub.) Ca3AlO5 1841 [24]
C3A (orh.) Ca3AlO5 100220 [25]
Anhydrite II CaSO4 16382 [26]
Ferrat (PZ) Ca2FeAlO5 9197 [27]

Hydrates
Gypsum CaSO4·2H2O 92567 [28]
Ettringite Ca6Al2(SO4)3(OH)12·26H2O 155395 [29]

a For these phases the modified structures developed by Goetz-Neunhoeffer [9]
were used.
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were coupled with one another. Thus, the quantity of one refinement
is an average value of three chronological consecutive measurements.
The first pattern (t=0.25) and the last pattern (t=10.0 h) of one in-
situ measurement were used twice, for the first and the last refine-
ment respectively. This made it possible to enhance the quantification
at the beginning as well as at the end of the measured period. With
the exception of the lattice parameter and the crystallite size of
ettringite, as well as the preferred orientation of anhydrite, all prede-
termined structural parameters of the raw SLC components, as well as
of any hydrate phases, which were used in addition to these were
kept constrained during the refinement. The displacement and the
background were individually refined for each pattern. In the first
run, the scale factors of all phases were refined. At the same time,
the predetermined ratio of certain phases (C3A cub./C3A orh., cal-
cite/dolomite, perovskite/magnetite, and C3FT, C2S/α′-C2S) were
fixed by constraining the scale factors. The scale factors of inert
phases were fixed after the first refinement run. Scale factors of
phases, which tend to dissolve or to be precipitated during the hydra-
tion process (bassanite, CA, C3A, anhydrite, ettringite, and gypsum),
were refined.

The Rietveld refinement for one layer was repeated twice using
measurements from different preparations. This means that the final
values represent an average of three different Rietveld refinements.

It is only the quantities of crystalline phases that can be deter-
mined by means of Rietveld refinement. The X-ray amorphous phases
(e.g. non-bound water, amorphous hydrate phases, and unknown
phases) will not be included in such a determination. For this reason,
the quantities resulting from the refinement are not absolute quanti-
ties. The Rietveld result, then, had to be corrected in consideration of
the water contained in the test samples [9] as well as of the amor-
phous phases and of any definitely known additive content (3.2 wt.-
%). At the same time, the corrected result was normalized to the
known and constant quartz content of 30 wt.-% [30].

Additionally, the amorphous phase content was estimated using
an external standard. The external standard (zirconium silicate
powder) was measured using the same parameters as were used
for the in-situ measurements of the SLC. Finally, the resulting dif-
fraction pattern of the zirconium silicate was added to the last in-
situ pattern of the SLC and subsequently analyzed by Rietveld re-
finement. The different mass attenuation coefficients of the
hardened SLC and the zirconium silicate powder were also taken
into account [34].

3. Results

The results for the quantitative phase development of each layer
were averaged out from 3 independent preparations. Therefore, the
values represent the mean of 3 different measurements.

Generally, the hydration of the ternary binder system is character-
ized by the formation of ettringite due to the dissolution of CA (from
CAC) or C3A (from OPC) and bassanite. The alite phase C3S (from OPC)
is not involved during the first 10 h of hydration. Consequently, the
content of C3S remains unchanged over the whole hydration time of
10 h (Figs. 3 and 4). Calcite too displays no changes in content during
the period investigated.

3.1. Phase development of SLC on non-absorbent substrate

The phase development of the SLC prepared on the non-absorbent
substrate shows simultaneous phase development in all three layers.
Only in the top layer is the complete hydration process delayed for
about 0.5 h. Within the first hour after the addition of the mix water
no ettringite can be detected in the bottom and the center layer.
About 18 wt.-% of ettringite is formed, however, between 1 h and
3 h. After 3 h, the rate of increase in ettringite formation slows
down and reaches a maximum content of 20 wt.-% after 5 h (Fig. 2).
This maximum content fits very well with the actual content, which
can be calculated from the initial sulfate content (19.9 wt.-%
ettringite).

In the top layer, the crystallization of ettringite begins with a delay
of about 0.5 h. Furthermore, the maximum ettringite content of
19 wt.-% in the upper layer is slightly lower than in the other two
layers (Figs. 2 and 3). The error bars in Fig. 2 show the variations of
the phase content of ettringite and CA between the different prepara-
tions. The maximum variation of ettringite content of 2.5 wt.-% be-
tween 1 h and 3 h results from the rapid kinetic of the ettringite
formation within this period. The dissolution of CA and bassanite oc-
curs simultaneously with the formation of ettringite. At the beginning
of hydration, the CA and bassanite content remain unchanged. How-
ever, 1 h after contact with water the contents of the two phases con-
siderably decrease. Comparably to the formation of ettringite, the
dissolution of CA and bassanite in the top layer displays a delay of
0.5 h. In each layer, bassanite dissolves very rapidly. After 2.5 h to
3 h the bassanite has been entirely dissolved in the bottom and center
layers, and after 4 h also in the top layer (Fig. 3). Correspondingly to
the formation of ettringite, the dissolution of CA is rapid between
1 h and 3 h after addition of water. Subsequently, the decrease in
the CA content slows down, and after 6 h CA has dissolved completely
(Fig. 2). The highest variation of the determined CA content between
the different preparations is 1.3 wt.-%. This is also to be attributed to a
very rapid dissolution occurring between 1 h and 3 h.

Due to the very low phase contents of anhydrite as well as of C3A,
the quantification of these phases is difficult. The maximal phase con-
tent of anhydrite is 0.9 wt.-%. Nevertheless, a slow decrease in the
content of anhydrite is perceptible. After 4 h, the content of anhydrite
is below the limit of determination of 0.4 wt.-% (Fig. 3). For this rea-
son, an exact statement about the complete dissolution of anhydrite
is not possible. The initial content of C3A, known from the analysis
of the pure OPC and calculated to the SLC-paste, is 0.4 wt.-%. The de-
termination limit for C3A is 0.4 wt.-%. Therefore no quantitative anal-
ysis of C3A content was possible. Nevertheless, up to the end of the
measurement time of 10 h minor contents of C3A are still detectable
(Fig. 3).

In addition to the main hydrate phase, namely ettringite, some
gypsum is also simultaneously formed, with a maximum content of
1.1 wt.-%. After 2 h, however, the gypsum begins to dissolve, and
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Fig. 2. Phase development of ettringite and CA during the hydration of the SLC on non-absorbent substrate (PVC) according to the measured layers. The curves show an average of
three Rietveld refinements.
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this coincides with the consumption of the bassanite. Finally, in the
bottom and center layer the gypsum has completely dissolved after
3.5 h, and after 4 h also in the top layer (Fig. 3).

The changes in the phase contents in the three layers prove that
the process of phase development in the whole SLC is nearly homoge-
neous in cases where it is applied onto a non-absorbent substrate. The
dissolution of CA and bassanite, as well as the formation of ettringite,
is comparable between bottom, center and top. Only in the top layer
is the phase development delayed for about 0.5 h.

3.2. Phase development of SLC on absorbent substrate

The absorbent substrate strongly affects the hydration of the SLC.
The effects can clearly be seen by comparing the various phase devel-
opments in the three different layers (Fig. 4).

The formation of ettringite begins after 1 h in the bottom and cen-
ter layer. The increase in ettringite content in the top layer is delayed
for 15 min. In the bottom and center layers, ettringite content in-
creases very rapidly between 1 h and 2 h after addition of water.
The increase in the ettringite content slows down until a maximum
content of 15 wt.-% is reached after 3.5 h in the center layer and
after 4.5 h in the bottom layer. In the top layer, the maximum ettrin-
gite content of 8 wt.-% is reached after 3 h (Fig. 5).

The dissolution of the two phases CA and bassanite differs from
layer to layer. On the bottom layer, the dissolution of bassanite begins
directly after 0.25 h. The bassanite content decreases within the first
2 h very rapidly, and 3.5 h after first contact with water the bassanite
has been entirely dissolved. The CA content likewise decreases con-
tinuously right from the moment of hydration and stops between
3 h and 3.5 h. Thus, a low CA content of 1 wt.-% is detectable right
up to the end of the measurement period (Fig. 5). In the center
layer, the bassanite begins to dissolve from the moment of hydration
onward and after 3 h the content remains constant at 0.5 wt.-%
(Fig. 4). The phase content of CA remains unchanged in the center
layer up to the 1 h point. Beyond this point, CA decreases rapidly,
down to a constant content of 1.5 wt.-%. This means that the CA will
not completely dissolve on the center layer even after 10 h (Figs. 4
and 5). On the top layer, the phase development of bassanite and
CA displays a mutually comparable pattern. Only in the first hour is
there a difference between the two.While the content of bassanite re-
mains constant, the dissolution of CA begins directly with the com-
mencement of the measurement. After 1 h, the bassanite content
also decreases. But after 2 h to 2.5 h the dissolution of these phases
ceases. Right up to the end of the measurement at the 10 h point,
both phases remain constant, at a content-level of 2.8 wt.-% (Fig. 4).

Quantification of anhydrite, C3A, and gypsum is, once again, diffi-
cult due to the low quantities of these substances present. This diffi-
culty of quantification tends to lead to increasing relative errors. The
development of anhydrite is very comparable at the bottom and the
center. After 2 h, the phase content decreases, achieving a stable min-
imum of 0.5 wt.-% after 3 h (Fig. 4). Up to the end of the measurement
period, anhydrite is detectable in these two layers. On the top layer,
the content of anhydrite remains unchanged over the whole period
of 10 h. The C3A on the top layer displays a similar behavior. On the
bottom and the center layer the C3A dissolves after 2 h and the con-
tent decreases below the limit of determination. No dissolution of
C3A on the top layer is detectable. From the initial point of hydration
right up to the end of the measurement period the content of C3A re-
mains constant at 0.7 wt.-% (Fig. 4).

Again, in each layer some gypsum is formed. The crystallization of
gypsum begins after 0.5 h and reaches a maximum of 0.5 wt.-% after
1.5 h. On the bottom and center layer the gypsum begins to dissolve
after 1.5 h and has entirely dissolved after 3 h. But on the top layer
0.5 wt.-% gypsum remains up to the end of the measurement period
(Fig. 4).

The evaluation of the results of the top layer shows a relatively high
standard deviation between the individual preparations. The direct com-
parison of the phase developments within the three layers shows the in-
fluence of the absorbent substrate on the hydration of the SLC. First of all,
the formation of ettringite, as well as the dissolution of bassanite and CA,
is different in each of the measured layers. The amount of ettringite
formed tends to increase from the surface as one moves down toward
the bottom. The dissolution of anhydrite and C3A also tends to increase
from the surface as one moves down toward the bottom of the SLC.

4. Discussion

The hydration of the CAC-based SLC is characterized by the forma-
tion predominantly of the hydrate phase ettringite and by the simul-
taneous dissolution of CA and bassanite. Initially, after mixing of the
SLC dry mix with water, no changes in the phase composition are ob-
servable. It is not until at least 1 h has elapsed that the formation of
ettringite begins. At the same time the phase contents of CA and bas-
sanite are significantly reduced. Up to this point, the initial contents
of bassanite (5.2±0.1 wt.-%) and CA (5.4±0.1 wt.-%) remain con-
stant. Together with the formation of ettringite, we also observe the
precipitation of a certain amount of gypsum. This gypsum is a result
of the rapid dissolution of bassanite, a phenomenon which has al-
ready been described in earlier investigations of ternary binder sys-
tems [31,32]. Kighelman [4] too has described areas with
accumulations of gypsum in hydrated CAC-based SLC by microstruc-
tural investigation. However Kighelman [4] could not confirm the
gypsum by X-ray measurements.

Shortly after bassanite depletion the gypsum as well begins to dis-
solve, thus advancing the further crystallization of ettringite. The dis-
solution of anhydrite and C3A begins at the same time and leads to the
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Fig. 3. Phase development of the relevant phases within the SLC during hydration on non-absorbent substrate for the measured layers. Each curve represents the mean values of
three independent preparations.
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formation of ettringite. Unfortunately, a precise quantification of C3A
is not possible due to the very low content of it present. Bassanite and
gypsum have entirely dissolved after 3 h, whereupon the rate of
ettringite crystallization is reduced. The process of hydration is then
accompanied by a slow dissolution of CA and anhydrite, as well as
by a correspondingly slow formation of ettringite. The retarded hy-
dration process is due to the consumption of the available water by
this formation of ettringite. Once the CA and anhydrite have been
completely consumed after 5 h, the crystallization of ettringite also
ceases, and ettringite reaches a maximal content of 20.1±0.1 wt.-%.
Subsequently, no further change in phase composition is observable
within the 10 h period.
According to the global hydration reaction of a ternary binder system
(Eq. (1)), an additional formation of amorphous aluminum hydroxide
should occur, due to the absence of an additional calcium source.

3CAþ 3CS þ 38H→C3A⋅3CS⋅32H ettringiteð Þ þ 2AH3 ð1Þ

When using the Rietveld refinement system, indeed, it is not pos-
sible to determine the quantities of an unknown X-ray amorphous
phase without an internal or external standard. For this reason, the
final amorphous phase content within the hardened SLC was estimat-
ed using an external standard. As a result of this, an amorphous phase
content of 8.7±0.5 wt.-% could be determined. Where the known
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additive content and the established free pore water within the SLC is
subtracted there remains an amorphous content of 1.5 wt.-%. This
may indicate an additional formation of amorphous aluminum hy-
droxide (AHx). Also other studies [4] with other investigation
methods prove the simultaneous formation of ettringite and AHx

within a hydrating SLC paste.
The phase C3S from OPC is not involved during the first 10 h of hy-

dration. This is due to the rapid setting system of the CAC-based SLC.
This system is characterized by the formation of ettringite due to the
dissolution of CA, C3A, and bassanite. The slower silicate reaction of
C3S with water cannot proceed because the reaction is running out
of water.

The application of the SLC on a non-absorbent substrate leads to
very similar hydration in each layer. Only on the top layer close to
the surface does the hydration process tend to be delayed for about
0.5 h. Furthermore, the maximal content of ettringite on the top
layer after 5 h is reduced as compared to that present on the center
and bottom layers. At the same time CA, bassanite, and anhydrite
have dissolved completely. Also to be noted is the fact that the C3A
is not fully dissolved in the top layer. The degree of hydration of the
SLC near to the surface is lower than in the underlying layers
(Fig. 4). This effect is caused by the early desiccation of the SLC paste
due to the enhanced evaporation of the water at the surface. This process
was also described by the studies of De Gasparo [33] and Kighelman [4].
Thus, a desiccation front arises, which gradually moves from the surface
down to the bottom and influences the hydration of the SLC. Due to the
high content of water within ettringite – namely, approximately
46 wt.-% – the formation of the latter is inhibited where water is lacking.
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A slight lack ofwater due to evaporation in the upper area of the SLC could
be confirmed.

In contrast to non-absorbent substrates, the application on an ab-
sorbent substrate strongly influences the hydration of the SLC. These
effects are already visible by the macroscopic observation of the
cross-section of the hydrated SLC (Fig. 7). The SLC applied on the
non-absorbent substrate displays, in terms of color, a homogeneous
cross-section. In contrast, the SLC applied on the absorbent substrate
clearly displays some differences in color. The cross-section exhibits a
gradient in color from the top, which displays a bright matrix, down
toward the bottom, which displays a dark matrix. Already this color
gradient indicates an inhomogeneous matrix, due to the absorbent
ground.
absorbent substrate (ceramic tile)

Fig. 7. Comparison of the cross-section of the hydrated SLC on non-absorbent (right) and a
tigated (bottom, center, top).
Generally, the hydration of the SLC on the absorbent substrate is
comparable to the hydration of the SLC on non-absorbent substrate.
The degree of hydration, however, differs significantly. The strong
capillary forces of the absorbent substrate reduce the added mix
water from the applied SLC. In contrast to what had been supposed,
the lower areas are in fact not as strongly influenced as are the
upper areas. The availability of free water is reduced due to the absor-
bent properties of the substrate, with the water soaking through from
the upper layer down through the lower layers (Fig. 8). Consequently,
the desiccation front again moves from the upper area to the lower
areas. Thus, the degree of hydration in the upper area is reduced com-
pared to the lower areas. In spite of the positive properties of the
rapid and intensive hydration of the CAC-based SLC, the desiccation
top

center

bottom

nonabsorbent substrate (PVC)

10 mm

bsorbent (left) substrate. The black lines on the right side mark the three layers inves-
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occurs faster than does the hydration of the SLC. Thus, hydration is re-
stricted by the desiccation front as it proceeds, and is prematurely
halted. This effect is reflected in the crystalline phase development
of the SLC, which sees a reduction in the maximum ettringite content
in the whole SLC. On the top layer, only 8 wt.-% ettringite, which ac-
counts for one third of the possible content, is formed. On the center
and bottom layer the ettringite content (15 wt.-%) is lower than ob-
served for the application on a non-absorbent substrate (Fig. 6). Cer-
tainly, the effect of the retarder in the SLC is influenced by the
migration of the pore water. Thus, the dissolution of CA and bassanite,
as well as the formation of ettringite, begins some 0.25 h earlier. Cor-
respondingly to the reduced ettringite content, some unreacted CA
and bassanite are also still detectable. In the lower and center layers
these contents are very low (0–1 wt.-%) but in the upper layer there
are still to be detected 2.8 wt.-% of CA and bassanite, respectively. In
addition, the anhydrite is only partially dissolved on the lower layers.
On the upper layer the content of anhydrite remains unchanged over
the whole 10 h period. Finally, 0.5 wt.-% gypsum remains as a second-
ary crystalline hydrate phase on the top layer.

The low degree of hydration of an applied SLC can be assumed to
be very critical. The reduced formation of ettringite might lead to
higher porosity, which could then further reduce the compressive
strength of the SLC. Furthermore, the strength development, as well
as the bonding, of the SLC is almost exclusively a function of the poly-
mers included [3]. Due to the residues of reactive phases (CA, bassa-
nite, anhydrite, and C3A) the hydration process could begin again on
renewed contact with water, thus resulting in secondary ettringite
formation.

5. Conclusion

The present study demonstrates the possibility of investigating
the hydration process within a self-leveling compound which is ap-
plied as a thin layer on different substrates. Particularly the applica-
tion of non-destructive microdiffraction with the GADDS, combined
with a custom-made sample holder, makes it possible to investigate
the hydrating SLC in different horizontal layers. The quantitative anal-
ysis of the in-situ measurements using Rietveld refinement of the
XRD pattern enables a description of the development of the crystal-
line phases which are formed and dissolved respectively during
hydration.

Regardless of the kind of substrate on which it occurs – non-
absorbent or absorbent – the process of hydration of the ternary bind-
er system is basically very similar in all cases. The complete hydration
process is mainly based on the formation of the crystalline calcium
aluminate hydrate phase ettringite as well as of the X-ray amorphous
phase AHx together with the preliminary dissolution of the cement
phases CA, bassanite, anhydrite, and C3A. In addition to the beginning
of ettringite formation at very early stages in the hydration process, a
low content of gypsum may also precipitate. However, the initially
formed gypsum starts to dissolve shortly after bassanite depletion.
The complete hydration process ceases as soon as bassanite, gypsum,
anhydrite and CA are consumed. At the same time the ettringite
phase content reaches its maximum. It could not be observed that
alite (C3S) from OPC was involved in the hydration process during
the first 10 h of hydration. Ettringite is the only hydrate phase
which is responsible for the strength during the first 10 h period of
hydration.

As a result of the investigations of non-absorbent and absorbent
substrates it was shown that the hydration process is strongly influ-
enced and determined by the degree of availability of mix water.
The availability of mix water in the different layers of the SLC influ-
ences the maximum content of ettringite which can potentially be
formed within the hardened SLC. The lack of mix water in the top
layer of the SLC does not allow complete hydration of the CA and
Ca-sulfates. Therefore the maximum ettringite contents vary within
the layers (Fig. 6). At the top of the SLC which was applied on a
non-absorbent substrate an evaporation of mix water caused a re-
duced formation of ettringite as well as a lower degree of hydration.
However the hydration in the center and bottom layers was able to
proceed unhindered.

The application of the pastes on an absorbent substrate strongly
influences the hydration of the SLC. Due to the strong capillary forces
of this absorbent substrate, a larger quantity of water is extracted
from the SLC, which in turn results in a very rapid desiccation from
the top layer down towards the bottom layer. Accordingly, a reduced
ettringite content in the whole SLC (Fig. 8) could be determined. Fur-
thermore, the binder phases bassanite, anhydrite and CA do not
completely dissolve. The strength development in the top layer is
expected to be reduced due to the lower ettringite content. This fact
might cause problems when adhesives are used, e.g. in order to fix
carpets or other floorings on the surface.
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