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Beneficiated Fly Ash Versus  
Normal Fly Ash or Silica Fume

by M. Collepardi, S. Collepardi, J.J. Ogoumah Olagot,  
and R. Troli

Synopsis:  The performance of a beneficiated fly ash (BFA), with very low carbon 
and very fine particle size (5 µm as mean size) was compared with silica fume in 
superplasticized high strength concretes. The silica fume content of concrete was 
40 kg/m3 and the amount of BFA was 80 kg/m3 to obtain approximately the same 
cost as that of silica fume (SF). When the two concrete mixtures are compared at the 
same water-binder ratio (0.39) and at a given slump (about 165 mm), the dosage 
of superplasticizer was much higher for the SF concrete (2.6 kg/m3) than for the 
concrete with BFA (1.2 Kg/m3). The compressive strength of the SF-concrete was 
higher than that of the BFA-concrete, particularly at early ages, and this effect could 
be related to the better space filling capability of SF, as compared to BFA. However, 
when the same dosage of superplasticizer was used, the water-binder ratio of the 
BFA-concrete turned out to be lower (0.31) than with SF concrete (0.39). The strength 
increase in the BFA-concrete with respect to the SF-concrete has been recorded in 
specimens cured at room temperature as well as with steam-cured.
 In a second set of tests, BFA was used to manufacture high strength self-
compacting concrete (SCC) in comparison with a corresponding SCC where untreated 
fly ash (FA) was used. In such a case the most important advantage in using BFA 
rather than FA was the self-leveling properties needed particularly in placing slabs or 
ground- floors. Due to the higher cost of BFA with respect to FA, there is no significant 
advantage in using the former in manufacturing SCC when the above mentioned self-
leveling properties are not needed. 

Keywords: beneficiated fly ash; fly ash; self-compacting concrete; self-
leveling concrete; silica fume; superplasticizer 
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INTRODUCTION

Coal fly ash is a supplementary cementitious material widely used to replace part of 
portland cement by improving some properties of concrete such as reduction in heat of 
hydration and related risk of thermal cracking , durability and  impermeability of the 
concrete in service. However, there is a strength loss at early ages with respect to the 
control concrete without fly ash.  

Silica fume performs much better than fly ash in manufacturing  high performance 
concrete without any strength loss at early ages. However, due to its low availability, 
silica fume is very expensive and used only for special concretes.  

In the present paper a beneficiated fly ash (BFA) has been studied in comparison with 
untreated fly ash (FA) and silica fume (SF). BFA can be based on the separation 
technology for reducing the carbon content in coal FA through tribo-electrostatic 
technique [1] and/or air classification of FA to extract the more reactive fine fraction [2] 
to improve its performance in terms of higher workability of the fresh concrete and lower 
porosity in the hardened concrete. 

 
EXPERIMENTAL: MATERIALS AND METHODS 

 
BFA , FA and SF have been used in two sets of concrete mixtures:  
 

• a first set of concretes has been devoted to the manufacturing of fluid ordinary 
mixtures at a slump level of about 170 mm, by using BAF (80 kg/m3) versus SF  
(40 kg/m3) in order to keep the same cost incidence of these cementitious materials;  

• a second set of concretes was based on the comparative use of BFA versus FA in 
manufacturing self-compacting concrete (SCC) with 50% of replacement of ordinary 
concrete by BFA or FA. 
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Chemical composition of BFA, FA, SF are shown in Table 1; in particular the loss on 
ignition (LOI) of the BFA is only 0.8% and than much lower than that of SF (2%) and 
FA (6.6 %). 

Figure 1 shows the micro-structural morphology  of BFA, by scanning electronic 
microscopy and indicates that BFA particles are perfectly round grains. Figure 2 shows 
the particle size distribution  results which indicate that BFA, with a mean particle of size 
of about 5 µm, is an intermediate material between SF (about 0.2 µm) and FA (about  
25 µm).   

Tables 2 and 3 show the composition of ordinary concrete (with SF or BFA) and SCC 
(with FA or BFA), respectively. High-strength portland cement (CEM I 52.5 R according 
to the European standard EN 197-1) has been adopted. The total amount of portland 
cement and SF or BFA or FA is indicated as “binder”, so that in Tables 2 and 3 are also 
shown the water-cement ratio (w/c) as well as the water-binder ratio (w/b).  

Natural aggregates have been used with maximum size of 30 mm for the ordinary 
concretes and 16 mm for SCC mixtures.  

A polycarboxylate-based superplasticizer (SP) has been used at an adequate dosage to 
manufacture ordinary concretes at a given slump (165 mm in Table 2) or at a given SP 
dosage (2.6 kg/m3). Moreover, SCC mixtures with BFA or FA at a given slump-flow 
(about 740 mm in Table 3) were also studied through the rheological measurements [3] 
based on V-funnel, U-box and L-box (Table 4). 

All concrete specimens were cured at room temperature (20°C). Moreover, the 
ordinary concrete has been also steam-cured at 55°C after  a preliminary curing at room 
temperature of 3 hours and heated in 4 hours from 20°C  to 55°C. 

 
RESULTS

Ordinary concretes. Table 2 shows that the dosage of SP needed to produce fluid 
concretes at a given water-binder ratio of 0.39 with BFA is 1.2 kg/m3 , 50% less with 
respect to  the concrete with SF (2.6 kg/m3). Moreover, when the same dosage of SP  
(2.6 kg/m3) is used in the SF-mixture and in the BFA-concrete the water-binder ratio for 
the latter is much lower than in the former (0.31 vs. 0.39). These results are related to the 
larger size of BFA particles with respect to that of the SF particles (Fig.2), at the same 
spherical morphology as shown in Fig.1. 

Figure 3 shows the compressive strength development of concretes cured at 20°C. 
When concretes are compared at the same water-binder ratio of 0.39, the compressive 
strength of the SF-mixture is significantly higher than that of the BFA-mixture, 
particularly at early ages (about 50% more at 1 day), whereas the difference decreases at 
longer ages (about 20% at 90 days). On the other hand, when the concretes are compared 
at the given slump of 165 mm and at the same superplasticizer dosage of 2.6 kg/m3, then 
the compressive strength of the BFA-mixture is higher than that of the SF-mixture: about 
10% more at early and later ages. 

Figure 4 shows the compressive strength values in the steam-cured concretes as a 
function of the time and confirms those obtained at room temperature (Fig.3).  

All these results indicate that –at a given cost of the concrete mixtures-  BFA  
(80 kg/m3) performs better than SF (40 kg/m3) in terms of compressive strength only if 
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the concrete mixtures are compared at a given slump and at the same dosage of 
superplasticizer (Table 2): due to the much lower mean size of SF with respect of BFA 
(0.2 µm vs. 5µm), the water-cement ratio as well as the water-binder ratio is much higher 
in the SF-concrete than in the BFA-concrete.  

 
Self-compacted concretes. Table 3 shows the composition of two SCCs, both with a 

portland cement content of about 245 kg/m3, for which the same amount of FA or BFA 
(245 kg/m3) was adopted. At given w/c and slump-flow, the SCC mixture needs a 
significantly lower dosage of superplasticizer in the presence of  BFA with respect to the 
corresponding concrete with FA (3 vs. 9 kg/m3). This behavior is due to the most 
favorable spherical shape of BFA (Fig.1) with respect to that of the FA which includes 
some irregular particles specially in the range of the larger ones. Consequently, the BFA-
SCC appears to be much more mobile than the corresponding FA-SCC (Table 4) in terms 
of much lower times needed in the V-funnel test ( 7 vs. 50 sec.) or in the U-box test (2 vs. 
40 sec.) or in the L-box test (6 vs. 57 sec.). This property makes the BFA-SCC much 
more suitable, than the corresponding FA-SCC, to place self-leveling concretes for slabs 
and ground-floors or to fill more quickly the formworks specially if congested by steel 
reinforcements. 

There is no significant differences in the compressive strength (Fig.5) at  early ages, 
whereas at longer ages (≥ 14 days) the BFA-SCC performs slightly better than the 
corresponding FA-SCC probably for a more reactive behavior of the smaller particles of 
BFA. 

All these results indicate that, except for some special applications where  SCCs  with 
particular flow-properties are needed for placing  self-leveling mixtures, there is not a 
significant technical advantage in using BFA rather than FA. Moreover, the lower dosage 
of superplasticizer (3 vs. 9 kg/m3) does not compensate for the higher  cost of BFA with 
respect to FA. 

 
CONCLUSIONS

 
The results of the present paper indicate that a beneficiated fly ash (BFA) with a low 

carbon content, very fine particle size (mean size of 5 µm), and a more favorable shape of 
the small spherical particles, could be used instead of silica fume (SF) for high 
performance concretes. In particular, the BFA-concrete mixture derives more advantage 
from the use of polycarboxylate-based superplasticizer (SP), when compared to the SF-
concrete. Therefore, when the same SP dosage is adopted, the water-cement ratio as well 
the water-binder ratio were lower. The compressive strength tends to be higher when 
BFA (80 kg/m3)  is used instead of SF (40 kg/m3) for the same cost. 

On the other hand, when BFA is used instead of ordinary fly ash in the manufacture 
of self-compacting concrete (SCC), there is a significant technical advantage only where 
a self-leveling concrete is needed. 
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Fig. 1—SEM microscopy of BFA.

Fig. 2—Particle size distribution of SF, FA, and BFA.
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Fig. 3—Compressive strength versus time at 20 °C for concretes with silica fume 
(SF) and beneficiated fly ash at the same w/c (BFA) or at the same dosage of 

superplasticizer (BFA*).

Fig. 4—Compressive strength versus time for steam-cured concretes with silica 
fume (SF) and beneficiated fly ash at the same w/c (BFA) or at the same dosage of 

superplasticizer (BFA*).
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Fig. 5—Compressive strength versus time for SCC with fly ash (FA) or  
beneficiated fly ash (BFA).
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Alkaline Activation of Synthetic 
Gehlenite Glasses

by J. Deja

Synopsis:  Alkaline activation of granulated blast furnace slags by highly 
concentrated solutions of sodium or potassium ions has been a subject of numerous 
investigations for many decades. Irrespectively of the type of activator used, the 
so-called C-S-H phase formed is very compact, of low C/S ratio, rich in sodium, 
aluminium and magnesium and is predominant hydration product. Properties of 
AAS pastes, mortars and concretes strongly depend on the chemical and phase 
composition of the slag.
 This paper presents the properties of the alkali activated pastes and mortars 
produced on the base of synthetic alumino-silicate glasses of gehlenite type. 
Setting time, mechanical properties and heat of hydration of the gehlenite-glass 
pastes are presented. Detailed studies of phase composition, microstructure and 
structure of alkali-activated gehlenite glasses are presented in the paper. Alkaline 
activation of gehlenite slag glasses is influenced by molar ratio Al

2
O

3
/SiO

2
 of the 

slag and concentration of NaOH. The hydration process is much quicker in the case 
of gehlenite type glasses than for typical industrial melilite granulated blast furnace 
slags. The results of XRD and SEM/EDS examinations show that in gehlenite type 
pastes amorphous C-A-S-H phase containing high amount of sodium, silicon and 
aluminium are the dominating hydration product.

Keywords: alkaline activation; gehlenite glass; microstructure; paste; 
phase composition
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INTRODUCTION

 
The use of by-product and waste materials plays also a very important role in solving 
present ecological problems (for example: reduction of CO2 emission) and could enlarge 
the range of  building materials and partly replace high energy–consuming portland cement 
[1-7]. 
Alkaline activation of aluminosilicate glasses is one of the new methods of special low-energy 
binders production. Ground granulated blast furnace slag is the main material which is used in 
this technology, but other glassy materials can be also activated (for example: fly ash, 
incineration slags). Sodium carbonate, water glass or sodium hydroxide are typical alkaline 
activators. Depending on the initial raw materials used, the type of activator and the conditions 
of curing, the products of hydration in such binding systems can be minerals, such as C-S-H 
and C-A-S-H in very dense and amorphous form. Changes of A/S and C/S ratios in these 
systems make it possible to form calcium-alumino-silica gel (the main product of so-called 
geopolymers), which can be good precursor for zeolite formation. High strength, very high 
durability in aggressive solutions and very dense microstructure are the most interesting 
properties of these materials. It gives many opportunities for their application (immobilization 
of heavy metals and toxic substances, anti-filtration screens etc.) [8-17]. 
The objective of the study consisted in investigating the properties of alkali-activated 
pastes based on synthetic gehlenite glasses. Influence of activator content and curing 
conditions on the hydration process was determined. Mechanical properties as well as 
heat of hydration of the pastes were measured. The phase composition and microstructure 
observations of the hydrated pastes were  done. 
 

EXPERIMENTAL

Characteristics of starting materials

Ground granulated synthetic slags and alkaline activators were used for paste preparation. 
Ground granulated synthetic glasses (slags)

Proper mixtures of chemically pure oxides, hydroxides and carbonates were melted in 
induction furnace. Melted slag was cooled in water and later on ground in a ball mill to the 
specific surface of 400±10 m2/kg. The chemical compositions of the synthetic slags are 
provided in Table 1 and their XRD patterns in Figure 1. The increased level of background  
(shoulder) at 25 - 35° 2Θ, visible in the XRD patterns, points to their high degree of 
vitrification. Content of crystalline phases (gehlenite and grossite) in the slags was very 
limited (1.5 - 2%).  
Preparation of pastes

The amount of alkaline activator in the activated slag mixes differs according to the 
alkalinity and fineness of the slag and according to the required strengths of hardened 
concretes. Usually, 2% to 7% of Na2O (calculated) of the slag content is necessary. 
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