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Introduction 
 
The backbone of our infrastructure and modern architecture are 
cementitious materials. Despite their substantial role for society and their 
common involvement in the built environment, basic aspects of the 
hydration processes of cement are still not completely understood. During 
the first seconds of a building’s life, highly dynamic reaction processes 
prevail. These reactions have a direct influence on the properties of the final 
building. Moreover, these reactions are actively influenced by organic 
additives. The additives affect the initial formation of hydrate phases, which 
is often interpreted based on the changes in fluid behaviour and zeta 
potential.[1-3] Up to now, their influence has not been characterized by 
analysing the changes in the crystallization processes directly. 
 
 
Experimental Setup 
 
Ordinary portland cement (OPC) pellets were prepared with a moulding 
press and cut into pieces of 0.1 g each. For contact-free analysis the pellets 
were placed in an acoustic levitator system to avoid any influence of the 
container wall material on the crystallization process.[4-6] Three different 
PCE modifications (GLENIUM® SKY 591, 592 and 593) with low (PCE 1), 
medium (PCE 2) and high polymer backbone charge density (PCE 3) were 
dissolved in distilled water with an amount of 2 wt% of the amount of 
cement. During the experiment, the solution was injected by a piezo-electric 
microdrop dispenser until a w/c-value of 0.50 was reached.  
High resolution X-ray diffraction (SyXRD) data were collected at the 
beamline ID11 at the European Synchrotron Research Facility with a 
wavelength of  = 0.3444 Å. Data acquisition time of a single diffraction 
pattern was 500 ms, which provides high resolution time resolved analysis.  
 



Results 
 
The hydration process for pure OPC and OPC mixed with PCE was 
analysed in situ and the initial ettringite reflections were observed for all four 
specimens. During cement hydration the full-width-at-half-maximum 
(FWHM) of ettringite reflection does not change significantly, so that peak 
height can be used as an indicator of amount of initially formed ettringite. 
This offers to display the collected ettringite reflections in a side view 
(Figure 1).  
 

 
 
Fig. 1: Series of diffraction pattern collected during the hydration of OPC. In the 
upper left, the ettringite (100) reflection is enlarged and displayed in a side view.[7] 
 
Observing the ettringite (100)-reflection gives an overview of how ettringite 
formation changes due to the adsorption of different modifications of PCE. 
During the first minutes the intensity increase of the PCE containing OPCs 
differs compared to the hydration of pure binder material. All measurement 
series show an increase in the background contribution during water 
injection. This leads to an increase of the reflection intensities in the 
diffraction angle range where the ettringite (100)-reflection is observed. 
Finally, the increase of the background is more pronounced for the PCE 
containing specimens.  
The ettringite (100)-reflection of the pure OPC shows exponential 
association increase over the whole time span of hydration. The increase of 
the PCE containing OPC shows exponential association increase as well, 
but only during the first seconds of hydration. Afterwards, the increase 
changes to a linear rise of the reflection intensity (Figure 2).The higher the 
backbone charge density of the PCE, the later the onset of linearity was 
observed.[7]  



 
 
Fig. 2: Ettringite (100)-reflections in a side view collected during the hydration of 
pure OPC and OPC with different PCE modifications. The exponential association 
increase change to a linear rise of the reflection intensity (dashed line).[7]   
 
 



Discussion 
 
Analysing the initial formation of ettringite offers additional information about 
the early hydration processes which are influenced by different PCE 
modifications. The change of the hydration behaviour is driven by the 
residual charge densities of the PCE. During hydration of pure OPC, C3A 
reacts with SO4

2- to ettringite, which leads to a high initial formation rate. 
The ettringite formation in PCE containing OPC is additionally influenced by 
the backbone charge density of the respective polymer. PCE adsorbs at the 
C3A surface and only a small amount of ettringite crystallizes. During 
adsorption PCE is replaced by SO4

2- of the pore solution. An equilibrium 
results between PCE adsorption and its replacement by SO4

2- anions, 
which explains the linear increase of the ettringite amount. Consequently, a 
higher polymer backbone charge leads to retarded onset of the equilibration 
state and the formation of ettringite is decelerated. At the beginning of 
hydration the increasing background results from increasing amount of free 
water during injection, solution of crystalline phases and the formation of X-
ray amorphous phases. The retarded formation of hydration products due to 
PCE also effects the background contribution. The less the amounts of 
hydration products the higher the amount of free water in the specimen.  
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