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In recent years, due to global warming concerns, the scientific community and industry have become 

increasingly interested in developing cements with low carbon dioxide (CO2) emissions. In particular, 

alkali-activated hybrid cement, also known as blend cement, has attracted considerable attention [1]. In 

hybrid cementitious systems, blends of ordinary Portland cement (OPC), fly ash and ground granulated 

blast-furnace slag (GGBFS) are the most frequently studied [2-4]. The use of fly ash significantly reduces 

CO2 emissions associated with cement production, while the presence of GGBFS eliminates the need for 

external heat. The presence of OPC reduces the amount of alkaline activator, allowing it to be made 

available on an industrial scale [5, 6]. 

These cement types can be prone to discolouration issues however, found mostly at the cement surface. 

In order to discover the reason for discolouration issues, X-ray mapping (XRM) has been used on a sample 

of alkali-activated hybrid cement, along with X-ray diffraction (XRD) and Fourier-transform infrared 

spectroscopy (FTIR). In the example given here, discolouration was found on the surface of the sample, 

with the colour gradually changing from a darker grey, to a lighter grey/yellow over time (Figure 1a-c). 

This interesting phenomenon suggests that there may be a change in composition and microstructure. 

XRD analysis of the surface compared to the internal regions of the sample did not show obvious signs of 

phase change, except for intensity changes of silicon oxide and calcite. FTIR analysis showed possible 

CH3/CH2 stretching (2901, 2988 cm
-1

) in the internal region of the cement sample, and also revealed 

differences in the Si-O stretching (960, 1046 cm
-1

) between the internal and surface regions of the sample, 

agreeing with XRD data. 

To obtain a better understanding of how the elemental composition of the sample was changing, XRM 

was then utilized (Figure 1d-k). XRM is an excellent tool for characterising the distribution of elements 

and phases in a cement sample [7]. Further to this, the use of colour can increase the visibility of intensity 

levels in the map [8] and reveal variations more easily. Pseudo colouring was used here to distinguish 

between different elements in the cement sample. The colours red, green and blue were assigned to silicon 

(Si), sulphur (S) and potassium (K) respectively (Figure 2b). The resulting map indicated the presence of 

a highly concentrated sulphur and potassium phase (light blue in the map) at the interface of the internal 

and surface regions. A subsequent potassium/sulphur ratio map was created (Figure 2c) showing how the 

ratio of these two elements changes with sample depth. In this map darker areas represent higher 

concentrations of sulphur, which can be seen at the interface of the surface and interior region. This 

suggests these two elements have migrated during the drying of the cement sample, which may be the 

cause of the discolouration. The surface shows there is less sulphur compared to potassium. 
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Figure 1. Alkali-activated fly ash hybrid cement, showing a) an image of crushed cement sample shows 

discoloration between the surface and internal area, b) an image of cement pieces mounted in epoxy resin 

and polished, and c) an optical microscope image of the area for x-ray mapping. Images of the interface 

between surface and internal with varying concentration range. d) SEI Image, e) carbon, f) aluminium, g) 

silicon, h) calcium, i) potassium, j) sulphur and k) iron. Maps collected at 15keV, 1024x1024 pixel, 50 

mesc/pixel. Horizontal width of field (HWOF) = 1.12 mm. 
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Figure 2. XRM of the discoloured area showing a) BSE image, b) pseudo colour image of the interface 

(red=silicon, green=sulphur, blue=potassium), c) a magnified view of the interface showing a high 

concentration of potassium and sulphur present in the interface, and d) a potassium/sulphur ratio map, 

where dark areas represent a higher sulphur concentration. 
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