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ABSTRACT  6 

 7 

Aims: Evaluate the potentially use as pozzolan in cement replacement of activated 
Lateritic and Illitic raw materials from Burkina Faso. 
Place and duration of study: Laboratory of Molecular and Materials Chemistry-
University of Ouagadougou, National Laboratory of Building and Publics Works-
Ouagadougou, Burkina Faso. Between March 2015 and June 2016.   
Methodology: The initial two raw materials were characterized to perform its 
chemical, mineralogical, geotechnical and microstructure properties. The two 
samples were activated at 680°C during 2 or 5hours to produce amorphous reactive 
materials. The activated samples were characterized using infrared spectroscopy 
and the selective dissolution by HF acid. Pozzolanic activity was assessed using 
saturated lime test, Frattini test, mineralogical analysis and compressive strength 
test. Mineralogical analyses were carried out with X-ray diffraction and DTA/TG. 
Results: The characterization of initial raw materials shown that lateritic material 
contain kaolinite (71%.wt) and Goethite (18%.wt) as the mains phases and the illitic 
material consisting by kaolinite (44%.wt) and illite (40%.wt). The activation of 
samples at 680°C, given amorphous phase (metakaolinite and silica) which amount 
around 74%.wt and 61%.wt respectively for lateric and illitic sample. The activated 
samples fixed at 7days more than 80%.wt of lime. The DTA/TG test shown that at 
8days, lateric sample fixed between 33-37% and the illitic sample around 23% of 
portlandite produced by ement hydratation. The strength activity index, 91% and 
97% respectively for lateritic and illitic samples exceeds require minimal value (75%) 
for pozzolan materials. Lateritic sample with finer particle and high amount of 
metakaolinite was presents a better pozzolan activity. However it strength is lower 
than those of Illitic sample. This inversion of previsible strength is due to the high 
contain of iron oxide in lateritic sample.  
Conclusion: The two samples, after heat treatment at 680°C during 2hours, can be 
used as pozzolan for cement partial replacement in the constructions. 
 
 8 
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1. INTRODUCTION  10 

 11 
High numbers of scientific works are focused on the search for environmentally low carbon 12 
cement which could replace the Portland cement [1].The current Portland cement present 13 
some defaults related to it environment and durability sustainability. The cement production 14 
generates a great quantity of carbon dioxide. The production of one (01) kg of cement, 15 
produce on average the same quantity of carbon dioxide caused by the calcite 16 
decarbonisation (0.53kg), the burning process (0.33kg) and the electrical requirement 17 
(0.12kg) [2-4]. During the portland cement hydratation, portlandite Ca(OH)2 is produce in 18 
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great quantity and around 25% remain on the concretes or mortar [4]. This portlandite is 19 
responsible for the low resistance of concrete against aggressive environment like acid and 20 
the sulfuric solutions. The portlandite can also react with the dioxide carbon to produce 21 
calcite in the concrete which caused the expansion and the possible erosion site.  22 
 23 
The new long sought cement must then permit not only to enhance environmental 24 
sustainability but also to ensure the durability of structures. In this intention, many materials 25 
have been proposed to replace partially or totally the Portland cement. The most used and 26 
study are the pozzolan. The pozzolan are natural or artificial materials which can react with 27 
the portlandite and enhance the mechanical and durability properties of concretes [5,6]. The 28 
portlandite is reduced by the pozzolan reaction which increases the resistance of concrete 29 
against aggressive environment and increase the mechanical strength by increasing the 30 
amount of gel CSH [7,8]. Fly ash, metakaolin, silica fume, zeolite are the main pozzolan 31 
materials commonly used in the cement substitution. However these pozzolan are not 32 
directly available. They are mostly obtained by thermal, chemical or physical treatment of 33 
raw materials. It is the case of the metakaolin, very reactive, but obtained by heat treatment 34 
between 500 - 800 ° C of kaolinite rich materials [9]. Many results are available on the 35 
production and use conditions of metakaolin as pozzolan[10,11], but it disponibility is not 36 
always the same case in many countries. We much work then to evaluate the potential use 37 
as pozzolan of other material such as lateritic and illitic materials. A few results are available 38 
on pozzolanic activity of lateritic and illitic materials [12, 13].The results on the use of iron-39 
rich materials as pozzolan are often conflicting. Some conclusive results are obtained on the 40 
laterite pozzolanic activity and others shows that beyond a certain percentage of iron, the 41 
mechanical strength his greatly reduced. The same discussion has been done on the use as 42 
pozzolan of illitic sample activated or not.  43 
       44 
The aim of this work is to evaluate the potential use of lateritic and illitic raw materials as 45 
pozzolan. The first part of the paper is devoted to geotechnical, chemical and mineralogical 46 
characterization of the raw materials. The second part related the activation of the different 47 
raw materials. The last part is focused on the evaluation of the pozzolanic activity of the 48 
activated materials. 49 

 50 

2. MATERIAL AND METHODS  51 

 52 

2.1. Materials   53 
 54 
Raw clay materials deposits in Burkina Faso (Laye and Rouko) were evaluated in this work 55 
to produce a reactive pozzolan. The location of the two sites on the map of Burkina Faso 56 
was given by the Fig. 1. The corresponding geographic coordinates are 12°31’ North and 57 
1°47’ West for Laye and 13°19’North and 1°62’West for Rouko. Laye is located at 35km of 58 
Ouagadougou and   Rouko at 25km of Kongoussi.  59 
The lime used for the pozzolan activity test was an analytical grade calcium hydroxide (95% 60 
minimum purity). 61 
The used cement for the pozzolanic activity and to made the pastes is a CEM I (CPA 45) 62 
from Diamond Cement society in Burkina Faso.  63 
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 64 
 65 

Fig. 1: Location of the sites on the map of Burkina Faso 66 
 67 

2.2. Methods 68 
2.2.1. Starting materials characterization      69 
   70 
The particle size was determined using a Malvern Mastersizer 2000 based on the 71 
measurement technique of laser diffraction. The fineness parameters were performed using 72 
the surface specific BET method. The density was determined by hydrostatic weighing of a 73 
powder sample in a non-reactive liquid. The blue methylene value (VBS) was determined on 74 
the total sample according to NF EN 933-9 [14]. Atterberg limits (liquid limit, plastic limit and 75 
plastic index) have been determined according to NF P 94-051 standard [15]. 76 
The image examinations of samples were performed with the Hitachi S2500 scanning 77 
electron microscopy. 78 
Mineralogical composition was performed using X-ray diffraction, infrared spectroscopy and 79 
thermal analysis. The diffractometer used is a Bruker AXS, operating at 40 kV - 40mA and 80 
employing a graphite monochromatic CuKα radiation. The infrared spectra were recorded in 81 
the range of 400 - 4000 cm

-1
 using a Perkin Elmer FT-IR Spectrometer. The thermal analysis 82 

(DTA/TG) was carried out using SETARAM instrument operating at 10 °C/min from ambient 83 
to 1200 °C. Calcined alumina was taken as a reference. 84 
The chemical composition of the raw clay materials was assessed by Inductively Coupled 85 
Plasma - Atomic Emission Spectrometry (ICP-AES). 86 
The crystalline mineral phases percentages contained in the sample were determined 87 
according to Yvon’s et al. methodology [16] and according to the results of the elementary 88 
chemical analysis and those of the mineralogical analysis. The method of calculation uses 89 
the ideal compositions of the mineral kaolinite (2SiO2.Al2O3.2H2O), illite 90 
(Al2O3.SiO2.K2O.H2O) quartz (SiO2) and goethite (Fe2O3. H2O). 91 
 92 
 93 
2.2.2. Activation process of the raw material 94 

 95 
The samples were activated by thermal treatment. According to DTA curves, the 96 
temperature 680 °C was found to be sufficient for kaolinite - metakaolin conversion in the 97 
two samples. To ensure that all the thermal changes were made, we used 5hours as 98 
bearing. However, for energy consumption and environmental issues, 2hours as bearing has 99 
also been explored. In fact, it is the two bearing which are greatly used in raw clays thermal 100 
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activation. All the activated materials will be called metakaolin (ML for Laye and MR for 101 
Rouko) in the rest of this work.  102 
 103 
2.2.3. Metakaolins characterization  104 

 105 
The density of metakaolins was determined by hydrostatic weighing of a powder sample in a 106 
non-reactive liquid. 107 
The mineralogical composition was assessed by Fourier Transformed Infra Red (FTIR) 108 
analysis. 109 
The quantification of the amorphous phase was performed by selective dissolution of 110 
aluminosilicate glass in dilute hydrofluoric acid (1%) [17].This method is based on the 111 
principle that the dissolution rate of amorphous aluminosilicate compounds is faster than that 112 
of crystallized phases. The tests were performed for 40 min with 200 ml of 1% HF (with 3 113 
drops of HNO3) per 1 g of the crushed metakaolin. 114 
 115 
2.2.4. Pozzolanic reactivity of metakaolin 116 

 117 
Pozzolanic reactivity indicates how quickly after mixing the pozzolanic material reacts with 118 
calcium hydroxide and the rate at which the reaction takes place. The pozzolanic reactivity is 119 
complex and its study requires the association of many methods. This reactivity was then 120 
assessed using chemical, mineralogical and mechanical activities tests. 121 
 122 
2.2.4.1.  Chemical activity 123 

 124 
Saturated lime test and Frattini test are the two chemical methods which were used for 125 
chemical activity evaluation.  126 
Saturated lime test is a simpler approach [18], in which a fixed quantity of Ca(OH)2 is 127 
available in solution. Samples were prepared with 1 g of metakaolin added to a plastic bottle 128 
containing 75 mL of saturated lime solution. The lime solution was prepared by dissolving 2 129 
g of hydrated lime in 1L of distilled water. The bottles were then sealed and placed in an 130 
oven at 40 °C for 1, 3, 7 and 28 days. Samples were vacuum filtered through a pore size 131 
filter paper and allowed to cool to ambient temperature in sealed Buchner funnels. The 132 
filtrate was analysed for [OH

-
] by titration against dilute HCl with methyl orange indicator and 133 

for [Ca
2+

] by pH adjustment to 12.5, followed by titration with 0.03 mol.L
-1

 EDTA solution 134 
using Patton and Reeders indicator. As the quantity of Ca

2+
 ions is accurately known at the 135 

beginning of the test and because Ca
2+

 ions only interact with the test material or water, the 136 
quantity of lime fixed by the test materials can be quantified. Results are reported as % total 137 
CaO fixed per gram of test pozzolan. 138 
Frattini test procedure is specified by the standard EN 196-5 [19]. Twenty grams of test 139 
samples were prepared consisting of 80% CEM-I and 20% of the test pozzolan and mixed 140 
with 100 ml of distilled water. After preparation, samples were left for 8 days in a sealed 141 
plastic bottle in an oven at 40 °C. After 8 days, samples were filtered and titrated for [OH

-
] 142 

and [Ca
2+

] using the same procedure as in the saturated lime test. 143 
 144 
2.2.4.2. Mineralogical reactivity  145 

 146 
The filtrate sample obtained during Frattini test was finely grounded and tested for 147 
mineralogical exploration.  The powders were then subjected to X-ray diffraction and 148 
DTA/TG, and the pozzolanic reactivity was defined as the portlandite consumption. X-ray 149 
diffraction and DTA permit to follows the formation or disappearing of the phases. The 150 
consumed portlandite by metakaolins quantity was evaluated with TG analyses. 151 
2.2.4.3.  Mechanical activity index 152 

 153 
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The pozzolanic activity of the metakaolins was also measured by mechanical test 154 
(pozzolanic activity index). Mortars (4x4x16cm

3
) were prepared according to the French 155 

standard NF EN 196-1 [20]. The different mortars were composed of three parts in mass of 156 
sand, one part of cement and a half part of water. The cement replacement by metakaolin 157 
was expressed as the fraction of cement mass in the control mix. Replacement rate was 158 
25wt. %. The mortars bars were removed from their moulds 24 hours after casting. The 159 
mortars were cured at 20°C in water. The compressive strength was tested for three mortars 160 
for different rate replacement at 28days. The mechanical activity index is determined as the 161 
ratio between the compressive strength of blend and compressive strength of reference. 162 
 163 
 164 

3. RESULTS AND DISCUSSION 165 
 166 

3.1. Starting raw materials 167 
 168 
The chemical composition of the raw materials is shown by the Table 1. The main oxides 169 
present on the raw materials are SiO2 and Al2O3. Laye and Rouko samples contain 170 
respectively particular amount of Fe2O3 and K2O. The sum of reactive oxides SiO2 + Al2O3+ 171 
Fe2O3 exceed the minimum 50% requirement for pozzolan materials according to the 172 
standard ASTM C-618[21]. However the Fe2O3 amount in Laye exceeds the maximum 3% 173 
value as indicated by some authors.   174 
The X-ray diffraction patterns of raw materials (Fig. 2) showed the presence of kaolinite 175 
(Al2Si2O5(OH)4), and illite ((K,H3O)Al2Si3AlO10(OH)2) as clay phases in Rouko and only 176 
kaolinite in Laye. At these clay phases are added non – clay such as quartz (SiO2), and 177 
exclusively goethite (FeOOH) in Laye sample.   178 
The FTIR analysis presented by the Fig. 3 corroborated the X-ray diffraction results. The 179 

characteristic bands of kaolinite are shown by the bands νOH
-
 (at 3695, 3668, 3652, 3620cm

-
180 

1
), νAl-OH  (at 938, 913 cm

-1
) and νSi-O-Al (at 537 cm

-1
). Illite is shown by the bands νOH

-
 (at 181 

3620 cm
-1

), νSi-O-Si (at 1031cm
-1

) andνAl-OH(at 834, 664, 644 cm
-1

) [22]. The quartz 182 

characteristic bands are νSi-O-Si  ( at 1164,  797, 778 cm
-1

) [23]. 183 
Differential thermal analysis (Fig. 4-a) shows principally two similar peaks for the two 184 
samples. The first around 400-600°C correspond to the decomposition of kaolinite into 185 
metakaolinite, and the second between 900 and 1050 °C is attributable to the formation of 186 
Al-spinal or mullite phase. Illite phase in Rouko is identified by the shoulder between 680 187 
and 880 °C. Goethite in Laye is shown by the endothermic peak between 200 and 400°C. 188 
Thermogravimetric analysis (Fig. 4-b) shows clearly the illite and goethite transformation 189 
respectively in Rouko and Laye.  190 
The semi-quantitative composition of the raw materials is shown by the Table 2. Laye 191 
consist of Kaolinite (71wt.%), goethite (18wt.%) and quartz (8wt.%). It composition is very 192 
interesting for pozzolan use. The activation of kaolinite will give a metakaolinite which 193 
presents good pozzolanic activity. The quartz also improves the cement hydratation and 194 
participates then on the pozzolan reaction [24]. The goethite can also improve the pozzolan 195 
reactivity as show by some authors but at relatively feeble quantity. In our case, the goethite 196 
percentage is very high. Should be a handicap for the use of Laye as pozzolan? Concerning 197 
Rouko, it contain approximately the same amount of kaolinite (44.wt. %) and illite (40.wt.%). 198 
Illite present a lower pozzolan reactivity than kaolinite and it activation temperature is higher 199 
than those of kaolinite. Rouko is then particular by it composition. 200 
 201 
 202 
 203 
 204 
 205 
 206 
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Table 1: Chemical composition (%, by mass) of raw materials 207 
Oxides(%) SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 LOI Total 

Rouko 50.00 32.47 1.61 0.01 0.80 0.07 0.13 4.62 1.37 < L.D. 8.70 99.78 

Laye 41.50 28.61 16.32 0.01 0.08 < L.D. < L.D. 0.10 1.10 0.05 12.14 99.91 

 208 

 209 
 210 

Fig. 2: X-ray diffraction of raw materials. K= kaolinite ; I= illite ; G= goéthite et Q= 211 
quartz 212 

 213 
 214 

 215 
   216 
                                              Fig. 3: Infrared spectra of raw materials 217 
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Table 2 presents the geotechnical results of the two samples. According to Casagrande [25], 218 
the Atterberg limits show that the samples are plastic clay materials. This result is 219 
corroborated by the methylene blue values. The particle size curves are presented by the 220 
Fig. 5. Laye particle size is very varied with finer particles than Rouko which seems to be 221 
composed by one granular family.        222 
The BET specific surface value of Laye (29m

2
/g) is conforming to the other value and show 223 

that the principle phase in Laye is the kaolinite. However, this surface for Rouko is low and 224 
did not correspond to the mineralogical composition.  225 

226 

 227 
The SEM images are given by Fig. 6. The characteristic forms of kaolinite are observable.  228 
 229 

Fig. 4: Thermograms of the samples: a- DTA; b-TGA 230 
 231 

Table 2: Mineralogical composition and geotechnical parameters of raw materials 232 
 Laye Rouko 

Mineralogy ,wt. % 

Kaolinite 71 44 
Illite 1 40 
Quartz 8 12 
Goethite 18 2 
Total 98 98 

Geotechnical parameters 
Density (g/cm

3
) 2.71 2.72 

BET surface area (m
2
/g) 29 6.74 

Liquid limit WL(%) 43 41 
Plastic limit de WP(%) 21 20 
Plasticity index IP(%) 22 21 
Methylene blue value VBS 1.33 1.5 

 233 
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 234 
 235 
 236 
 237 
 238 
 239 
 240 
 241 
 242 
 243 
 244 
 245 
 246 

Fig. 5: Particle size distribution of the samples:  a- Cumulative; b- Volume 247 

 248 
 249 
 250 

Fig. 6: SEM micrographs of clays: a- Rouko, b- Laye 251 
 252 

3.2. Metakaolin characterization  253 

 254 
The dehydroxylation of kaolinite into metakaolinite is confirmed by the infrared spectra (Fig. 255 

7) by the loss of the bands of kaolinite νOH- at 3620 – 3700cm
-1

. The kaolinite transformation 256 

into metakaolinite is corroborated by the disappearance of the kaolinite doublet νAl-OH  at 913 257 
– 938cm

-1
. The large band around 1070cm

-1
 is assigned to amorphous silica in the 258 

metakaolins.  259 
For all the sample the amorphous quantity (Table 3) is high and predict a very reactive 260 
materials.  ML are more amorphousness than MR. 261 
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 262 
 263 
 264 

Fig. 7: Infrared spectra of metakaolins 265 
 266 

Table 3:  Physical characteristics of the metakaolins 267 
 268 

Parameters ML1 MR1 ML2 MR2 
Density (g/cm

3
) 2.73 2.54 2.51 2.35 

% Amorphous 73 63.5 76 60 
ML1 :Laye at 680°C for 2hours, ML2 : Laye at 680°C for 5hours;  269 

MR1 :Rouko at 680°C for 2hours, MR2 : Rouko at 680°C for 5hours 270 

3.3. Pozzolan activity of metakaolin 271 

 272 
3.3.1. Chemical activity 273 
 274 
The saturated lime test results are shown by Fig. 8. The bearing time did not significantly 275 
effect the percentage of fixed lime.  At the first 24hours, more than 50% of lime are fixed by 276 
the two metakaolins (MR and ML). The fixed lime at this age is highest than the lime 277 
fixed(~35%) by the commercial  metakaolin at the same period. Between 1day and 7days, 278 
the pozzolan reactivity increase strongly and more than 80% lime are fixed. After 7days, the 279 
pozzolan reactivity is not also faster but, at 28 days more than 90% lime are fixed and is 280 
similar to some other metakolin. During all the reaction period, ML fixed lime more than MR. 281 
This better behavior of ML is a consequence of it finer particles, it chemical and 282 
mineralogical composition. The fineness of particle increases the pozzolan reactivity. For 283 
finer particles, the specific surface is high and the surface contact between the reactive 284 
compounds increase and give a better reaction. The reactive oxides SiO2, Al2O3 and Fe2O3, 285 
quantity in Laye (86.43wt. %) is highest than Rouko (84.08wt. %) and can explain one hand 286 
the difference on the percentage of fixed lime. ML contains another hand, a highest 287 
percentage of amorphous phase which explain it better reactivity than MR.  288 
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289 

 290 
The saturated lime test is corroborated by the Frattini test (Fig. 9).The entire metakaolins is 291 
located below the portlandite solubility curve [26]. 292 

 293 
Fig. 8: Saturated test lime results a- for MR1 and ML1, b- for MR2 and ML2 294 

 295 
 296 

 297 
 298 

Fig. 9: Frattini test results 299 
3.3.2. Mineralogical activity 300 
 301 
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The x-ray diffraction patterns of the product after Frattini test are shown by the Fig. 10.  The 302 
portlandite peak intensity decreases greatly on the samples containing the metakaolins. This 303 
decrease of portlandite peaks indicates the pozzolan reactivity of metakaolins. New phases 304 
characteristics to reaction between metakaolin and portlandite are detected. The main 305 
crystallized are ettringite and calcium aluminate hydrates such as C4AH13 and C3ASH6 [27]. 306 
The DTA (Fig. 11-a) analysis is used to detect the non crystallized phase which X-ray cannot 307 
shown and the TG analysis (Fig. 11-b) to evaluate the amount of consumed portlandite. DTA 308 
shows around 100°C the peak of dehydratation of the gel CSH. Between 400 and 480°C the 309 
peak of portlandite is shown and the pozzolan reactivity of the metakaolin is clearly identified 310 
by the decreasing of this peak for the sample containing metakaolin. ML seems to be more 311 
reactive than MR as shown by the chemical tests. TG curves permitted to evaluate the 312 
percentage of the portlandite consumption (Table 4) at 8days by the metakaolins. ML fixed 313 
more portlandite than MR as shown the previous results. The bearing 5hours did not shown 314 
a significant different with 2hours bearing. For energy issues, the 2hours are then the better 315 
bearing. 316 
 317 

 318 
Fig. 10: X-ray diffraction of residues after Frattini test 319 

P : portlandite (CH), Q : Quartz, E: ettringite (C6A �̅3H32); A :Albite; V: C4AH13; W: C3ASH6; B: Belite 320 
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323 
Fig.11- a: Differential thermograms (DTA) of residues after Frattini test 324 

 325 
 326 
 327 

Fig.11-b: Thermograms TGA of residues after Frattini test 328 
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Table 4: Percentage of fixed portlandite (CH) by the metakaolins at 8days 335 
 336 

Samples Loss on mass % of fixed CH  

CPA 2.03 - 

ML1 1.29 36.45 

ML2 1.34 33.99 

MR1 1.56 23.15 

MR2 1.55 23.64 
 337 
 338 
3.3.3. Mechanical activity         339 
 340 
Compressive strength values for 28days with 25wt. % replacement of cement are given by 341 
Fig. 12. Performance for all the concrete is lower than that of the reference. This decrease 342 
can be explained by the significant quartz content of the MK studied. High quartz content 343 
can be linked to a relatively small strength activity index. However, the different results are 344 
not alarming because the strength is higher than the minimum strength required at 28days. 345 
Nevertheless, the mechanical index of concrete containing MR is high than those which 346 
containing ML. This result was not predicable according to chemical and mineralogical test. 347 
Some hypothesis can be drawn to explain this situation. Firstly we can suppose that, the 348 
mechanichal strength is a sum of pozzolan reactivity and the filler effect of the additives. This 349 
assumption cannot be acceptable because Laye has presented the best pozzolan reactivity 350 
and contain the finer particle, then the best filler effect than Rouko. 351 
Secondly, we can think that the strength is strongly depending on the quartz amount and 352 
thirdly the iron oxide influence the mechanical strength.  According to quartz amount in the 353 
two samples, Rouko must have a feeble strength than Laye or is not the case. The third 354 
assumption seems to be true. The mechanical behavior is influenced by the quantity of iron 355 
oxides. This result is in agreement with previous studies which shown effectively that with 356 
iron oxides more than 2.7wt.% the strength decrease. The high iron quantity in Laye reduced 357 
it pozzolan and filler effect on the mechanical performance of specimen. 358 

 359 
 360 

Fig. 12 : Pozzolanic activity index of the metakaolins after 28 days for 25%.wt cement 361 
replacement 362 

 363 

100 97

91

0

20

40

60

80

100

120

CPA MR1 ML1

P
o

z
z
o

la
n

ic
 a

c
ti

v
it

y
 i

n
d

e
x

 (
%

)

Metakaolins and reference

UNDER PEER REVIEW



14 
 

4. CONCLUSION 364 

 365 
The study raw clays materials (Laye and Rouko) are composed by kaolinite, goethite and 366 
quartz for Laye and kaolinite, illite and quartz for Rouko. These different mineralogical 367 
compositions are suitable for pozzolan uses. 368 
The activated sample at 680°C fixed lime or portlandite with very interesting rate. The 369 
sample activated at 680°C during 2hours has shown a similar lime fixation with the sample 370 
activated at the same temperature but with 5hours. The bearing period did not affect 371 
significantly the materials reactivity with lime or portlandite. ML pozzolanic reactivity has 372 
better than MR.  373 
The mechanical behaviour is the sum of pozzolan reactivity and filler effect but is strongly 374 
affected by the associates’ minerals. Quartz in some percentage decreases the mechanical 375 
strength. It is the same case of iron mineral such as goethite which for some percentage 376 
decreases also the mechanical strength of the concretes. Nevertheless, the pozzolan index 377 
at 28days for the concrete with replacement of 25wt.% by the sample activated at 680 °C 378 
during 2hours is conform to requirement value (75% at 28days). 379 
The two samples can be used before activation at 680°C as pozzolan in cement 380 
replacement. 381 
 382 
 383 
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