
17th EMABM, University of Toronto, Toronto, Canada, May 20-23, 2019 
 

70 
 

Measuring the adsorption of superplasticizers on clinker phases in a combined 
SEM-CLMS study  

 

Alexander Wetzel, Department of Structural Materials and Construction Chemistry, 
University of Kassel, Moenchebergstr. 7, 34125 Kassel, Germany, 
alexander.wetzel@uni-kassel.de 

Johannes Arend, Department of Structural Materials and Construction Chemistry, 
University of Kassel, Moenchebergstr. 7, 34125 Kassel, Germany, j.arend@uni-
kassel.de 

Bernhard Middendorf, Department of Structural Materials and Construction 
Chemistry, University of Kassel, Moenchebergstr. 7, 34125 Kassel, Germany, 
bernhard.middendorf@uni-kassel.de 

INTRODUCTION 

Superplasticizers are used in a broad variety of application of inorganic bound systems 
mainly for concrete applications. In Europe mainly MPEG-type Polycarboxylate 
ethers (PCE) are used for this application nowadays. The effectivity of these 
superplasticizers depends on the electrostatically and sterically repulsion property but 
also on the ability to adsorb on the surface of reactive and nonreactive fines used in 
concrete. Although more and more alternative binder systems and supplementary 
cementitious materials are used, the main binder in concrete still is based on ordinary 
Portland cement (OPC). In order to gain more insight into these adsorption processes 
a microscopic method using a fluorescence microscope or confocal laser scanning 
microscope was developed [1]. Certain PCEs were coupled with a fluorescent dye to 
make them visible in these microscopes. Polished sections of clinker were measured 
by EDX-mapping in order to localize and differentiate the clinker phases. In this first 
attempt, only the phases containing Silicium (C3S and C2S) and the phases containing 
Aluminium (C3A, C4AF) were differentiated. 

MATERIALS AND METHODS 

The fluorescence microscopy was conducted with a Nikon Optiphot to investigate 
polished sections of Portland cement clinker. As dyes for the PCE labelling 
Fluorescein (purchased from Merck, Germany) were used. The superplasticizers PC2 
and Phos3 were provided by the Department of Chemistry at TU Munich (Prof. Plank). 
For detailed chemical staining procedure see Arend et al [1]. 

The raw clinker (not ground) was embedded in epoxy resin and polished with hexane 
instead of water to prevent any hydration. After polishing the thin polished sections 
were stored under dry conditions using silica gel capsules during transport and 
afterwards the samples were stored in a drying cabinet.  
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The area of interest was analysed in the scanning electron microscope (SEM) to 
generate secondary electron (SE) images, backscattered electron (BSE) images and 
energy dispersant X-ray (EDX) mappings. These analyses have been carried out on a 
Quanta FEG 250 (FEI) in low vacuum, thus no coating was necessary (50 mbar, 20 
kV, intermediate spotsize: 3.5).  

For the measurements of the adsorption of the PCE, on the top of the polished section 
a drop of a solution with stained superplasticizer (PC2 or Phos3) was placed, 
subsequently a cover slip was applied followed by the microscopic measurement 
(Figure 1). Afterwards, the distribution of the superplasticizer was compared to the 
SEM-images. In the same setup some measurement has been carried out by using a 
confocal laser scanning microscope (CLSM) instead of a fluorescence microscope.  

 
  Figure 1: Setup of adsorption measurements. 

RESULTS AND DISCUSSION 

In a first approach, a polished section of a hardened porous concrete was used as the 
substrate instead of the aforementioned clinker. An image in SEM (BSE) was acquired 
first and by CLSM the adsorption-distribution of the superplasticizer was measured 
afterwards (Figure 2). In this test it could be shown that in general a different 
adsorption occurs comparing x - epoxy-filled pore, y - cementitious matrix and z - 
quartz grain. While no superplasticizer adsorbs on the quartz (Figure 2, z) strong 
adsorption on the cementitious matrix (Figure 2, y) can be observed. 

In the next step, polished clinker (not ground) was analyzed in SEM. The clinker can 
be differentiated into brighter and darker areas in BSE mode (Figure 3). By correlation 
with EDX measurements it was found that the darker regions are richer in Silicium, 
while the brighter regions are richer in Calcium and Aluminium (separation marked 
by blue line in Figure 2). 
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Figure 2: Polished porous concrete in a) SEM (BSE-mode) b) fluorescence mode with stained 
PCE polymers.  

In a higher magnification, however, the brighter area can be differentiated further into 
nearby white parts (Figure 3c, y), which correlate with Aluminium and Iron 
enrichments (C3A, C4AF), while the darker parts (Figure 3c, x) correlate with the 
Silicium (C2S, C3S) enrichments.  

  
Figure 3: Polished Portland cement clinker in SEM (BSE-mode). 

On another polished section, a clinker particle with darker and brighter regions have 
been chosen for comparing the SEM results with the adsorption distribution of the 
superplasticizer, which was measured using a fluorescence microscope (Figure 4). The 
brighter areas (richer in Calcium and Aluminium) correlate with stronger adsorption 
of superplasticizer. But it has to be mentioned that the C3A-rich area also shows a 
certain topography, which is probably due to insufficient polishing of the 
heterogeneous material. The different topography gets obvious in the secondary 
electron mode of the SEM (Figure 3 b). Anyhow, by comparing the SE-mode picture 
with the fluorescence image mainly a correlation between topography and adsorption 
of the superplasticizer can be found (Figure 3, see marks 1 and 2). But there are also 
some enrichments of superplasticizer were no strong topography is present (Figure 3, 
see mark 3). Thus, another effect than only topography must occur. 
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Figure 4: Polished Portland cement clinker in a) SEM (BSE-mode) b) light microscope and in 
c) fluorescence mode with stained phos 3 – PCE polymers.  

  
Figure 5: Polished Portland cement clinker in a) SEM (BSE-mode) b) SEM (SE-mode) c) light 
microscope and in d) fluorescence mode with stained P2 – PCE polymers.  
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CONCLUSION AND OUTLOOK 

The adsorption of superplasticizers on polished surfaces of clinker has been analysed 
by using an UV-microscope and a confocal laser scanning microscope after the 
superplasticizer were stained with fluorescing dye. In general, on mineralic surfaces 
the superplasticizers adsorbed stronger compared to epoxy resin which fill the pores 
inside the clinker, for instance.  

If the different adsorption of superplasticizers is due to different mineralogy or 
topography, cannot be answered yet clearly. Therefore, further investigations have to 
be done focusing on the preparation of the surfaces in order to minimize the 
topographical differences. Less adsorption is assumed for surfaces with less 
topography. Thus, the CLSM will be used because a stronger differentiation compared 
to fluorescence microscopy is possible.  

In case, a clear correlation between mineralogy of clinker and adsorption of 
superplasticizer can be shown, with this method new insights into the clinker-
superplasticizer interaction during the hydration process can be studied.  
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