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Abstract. Currently, thermal energy generation through coal combustion produces ash particles 

which cause serious environmental problems and which are known as Fly Ash (FA). FA main 

components are oxides of silicon, aluminum, iron, calcium and magnesium in addition, toxic metals 

such as arsenic and cobalt. The use of fly ash as a cement replacement material increases long term 

strength and durability of concrete. In this work, samples were prepared by replacing cement by 

ground fly ash in 10, 20 and 30% by weight. The characterization of raw materials and 

microstructure was obtained by Scanning Electron Microscopy (SEM) and X-ray diffraction (XRD). 

The final results showed that the grinding process significantly improves the mechanical properties 

of all samples when compared replacing a mortar made with cement by ground fly ash and the 

reference samples without added fly ash. The beneficial effect of the ground fly ash can increase the 

use of this product in precast concrete industry.  

Introduction.  

Fly ash also known as geothermal waste results from the calcination of coal in geothermal power 

plants because of its high content of amorphous silica can be used as a byproduct and potentially 

embedded in a cementitious matrix in building materials. The performance of the resulting material 

is linked to the chemical composition of the fly ash. In the Cerro Prieto geothermal plant in Baja 

California, Mexico, are generated 5000 tons per month of fly ash [1, 2]. Fly ash is generated at a 

temperature between 1200 and 1700° C and according to the organic and inorganic materials 

contained from its geological origin around 180 individual mineral groups have been identified in 

its chemical composition [3]. Most of the reports in the current literature have estimated global 

production of ash by up to 500 million tons a year [4-6].  

This paper proposes FA process through severe mechanical milling for subsequent use in 

Portland cement mortars and verifying its influence on the development of mechanical strength at 

different ages.  

Use of the fly ash in the building materials.  
At present, the fly ash has been used as supplementary of Portland cement material and as raw 

material for the production of ceramic tiles. There have been studies which have concluded that 

adding up to 40% fly ash as a replacement material has resulted in good mechanical and durability 

properties [7].  

Among the techniques to increase the durability of concrete have been implemented 

consumption of fly ash in the cementitious matrix, resulting in a significant increase in the forecast 

of useful service life of the materials produced. N Bouzoubaâ et al. have found that the mechanical 
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properties and durability of concrete made from this cement and fly ash were superior to those 

obtained without fly ash [8]. The production of concrete with high fly ash consumption therefore 

offer an effective improvement to the increase in the durability of concrete exposed to saline 

environment [9, 10].  

However, studies where the use of fly ash subjected to severe grinding process as a replacement 

material are necessary due to the large use of these techniques as pozzolanic activation mechanism. 

Studies have focused on the effect of milling time on the average particle size wherein the average 

size of the fly ash significantly decreased from 36 to 5 µm after 0.5 h of milling and only slightly 

from 5 to 2 µm with an additional milling time of 0.5 to 96 hours because of fragmentation and 

agglomeration of the particles. It has also been studied, mechano-chemical activation of fly ash by 

adding a nitrogen source to the planetary mill obtaining good properties on surface area and 

porosity in comparison to conventional ash [11-13].  

Experimental methodology.  

Material was analyzed by testing different microstructural characterization techniques: XRD, BET, 

SEM-EDS, XRF and PSD. Subsequently, a grinding process by the planetary ball mill was 

performed for 5, 10 and 15h then, 5mm x 5mm mortar specimens were manufactured with different 

levels of FA replacement, 10%, 20% and 30%. %. Lastly were performed the trials of three samples 

for each test age. Reference specimens were prepared with Portland cement. As shown in Figures 1 

and 2.  

 

Figure 1, Reference specimens. 

 

Figure 2. Test specimens with FA replacement. 

Results.  

XRD – Fly ash  
Fly ash was analyzed using the technique of X-ray diffraction (XRD), for determination of 

mineralogical composition and the existence of amorphous phase. After the grinding process the 

raw material was again analyzed in a X-ray diffractometer model Bruker D8 Advance with Vantec 

detector, following the next conditions: excitation voltage of 40 kV, current 40 mA, scanning rate 

0.05 (2θ/seg), angle 2θ between 10° and 70°, respectively. The difractogram is shown in Figure 3.  
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Figure 3, X-ray difractogram of the FA after mechanical grinding.  

BET-Fly ash.  
Once the FA ground, proceeded to analyse its surface area through equipment BET NOVA 

Quantachrome Instruments 2000e. Prior to the testing start was done degassing at 100 °C for one 

hour to ensure that all moisture has been removed. Table 1 shows the results obtained by this test.  

Table.1. BET analysis of FA after milling.  

Sample FA  FA 5 h FA 10 h FA 15 h 

M
2
/gr  3.89 5.82  7.24  11.13  

 

Microstructural characterization by SEM.  
Samples were coated with a thin layer of gold to make the sample more conductive and to obtain 

better resolution in the scanning electron microscope (SEM). Microstructure analysis was 

performed in a JEOL JSM-6490LV microscope coupled with Energy Dispersive X-ray 

Spectrometer (EDS) INCA-Sight from OXFORD instruments. FA was analyzed during different 

times of milling. In Figure 4, each grinding time and their respective morphology obtained from 

SEM are specified. It was observed that the particle size changing from 10µm to 5µm does not 

change after 5 hours.  

 

 

Figure 4, Different morphologies in variation of the milling time.  

Compressive strength at different ages varying the substitution percentage of FA.  
Figure 5 shows an increase in mechanical properties by replacing the percentage of FA in mortars 

produced; correlating the XRD results, it is found that the mechanical grinding severe changes the 

reactivity of the FA encouraging a significant increase in mortars physical properties containing FA 

ground activated.  
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Figure 5. Improved compression resistance with variation in percentage replacement of Fly Ash.  

Conclusions  

Al2O3 and SiO2 phases were identified by XRD. These phases are the basis of the pozzolanic 

reaction with the portlandite (calcium hydroxide) which is formed in the initial hydration reaction of 

Portland cement, also XRD results shown that the material has amorphous phase.  

It can be observed by SEM that fly ash fineness increases with ball milling treatment. The 

analysis shows that the BET surface area is greater in samples with longer grinding time (15 hours).  

The rate of hydration of mixtures with ground fly ash content was higher in comparison with the 

untreated fly ash and this follows from the results of strength development.  
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