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ABSTRACT  
 
This paper pretends to establish the relationship between the diameter of the particles mainly 
composed by zeolites and smectites minerals and their pozzuolanic behaviour. The study of three 
samples, after crushing in three different fractions (0,080 mm, 0,063 mm and 0,045 mm) has 
demonstrated that both, the specific surface and pozzuolanicity are on the increase as long as the 
diameters of the particles decrease. Other factors, as chemical composition, mineralogical phases, 
ionic exchange and high absorption capacity of these samples, have been considered to attain the 
objectives of this work. 
 
 
INTRODUCTION 
 
The pozzolanic character of some natural and artificial materials depends on several causes. Many 
authors have focused their investigations on the chemical composition, specifically on SiO2 and 
Al2O3 contents, but nowadays it is well known that there are other factors, just as level grinding and 
geometric regularity of the particles, which are determinants for development of superficial physical 
reactions and chemical reactions on the solid-liquid interface. 
 
Other criteria confirm that once ground and in the presence of water or not, these materials can 
react with calcium hydroxide at room temperature, forming reaction products in the form of 
compounds of silicates and calcium aluminates, many of which are characterized by its exceptional 
physical and chemical stability and mechanical strength as well proven. 
 
Puzzuolanas provide significant benefits to pozzuolanic cements, mortars and concretes. They are 
the main responsible for low heat of hydration in relation to the ordinary portland cement, the major 
normal strengths near to 28 days, the slower hydraulic reactions which  facilitate the complete 
hydration of dicalcium silicate, as well as more durable cured. Moreover, these benefits produce 
lower manufacturing costs, increased capacity of the cement factories, preventing excessive 
expansion and lower gases emissions (Costafreda, JL, 2008). 
 
The reactive character of the pozzuolanas is enhanced when its particles size is reduced (<63 μ), 
this factor has two effects: the increase on physical surface of particle and the speed of the 
hydraulic reaction. 
 
One of the most important aspects taken into account in this research study, for the evaluation of 
particle size of materials used as Puzzuolanas, is the monitoring of their susceptibility when the 
crushing takes a place, without altering of the fine particle diameter. 
 
In this way, it was imperative to find and establish a fairly close similarity between both, the 
pozzolanas particles diameter and the cement particles, which guaranteed the regularity of the 
active surfaces on the pozzolanic reactions, which often vary from one material to another. 
 
This paper aims to demonstrate the relationship between the diameter of sample particles, mainly 
composed of zeolites and smectites, and their pozzolanic behavior. 
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METHODS 
 
Three samples of zeolites were analyzed in this study and nominated as: SJ-LE-1, SA-HOLG and 
SLP-MEX. To perform the tests described below, samples were previously crushed and divided 
into three size fractions: 0.080 mm, 0.063 mm and 0.045 mm, with indications of the UNE-EN 933-
1:1998 and A1 2006 standards. 
 
To obtain the different fractions were used the particle size distribution by dry sieving method 
(UNE-EN 933-1:1998 and A1: 2006). 
 
True particle density was determined by the air pycnometer method (UNE 80104: 86), with a room 
temperature of 22.5 ºC and a relative humidity of 50%. 
 
The relationship between mass and volume of the sample, previously calculated, given the value of 
the density (g/cm3). 
 
In addition to the basic analysis, two tests were conducted through which were obtained the 
average density value of each tested samples (see tables I, II and III). 
 
The fineness was determined with the air permeability method (Blaine method) (UNE 80122: 91: 
EN 196 - 6: 89), under a temperature of 20.5 ºC and a relative humidity of 50%. The value of the 
density, mass and volume of the samples were taken into account, with the help of a correction 
factor. 
 
Other factors considered were temperature (ºC) and time (sec) (see tables I, II and III). 
 
DISCUSSION 
 
According to the table III the densities are very close for all samples, with a slight increase in SLP-
MEX sample, which is determined by its increased absorption capacity (33.22%) and saturation. 
 
Table I: Calculation of mass, volume, density and specific surface of the sample SJ-LE. 
 

Sample SJ-LE-1 SJ-LE-2 SJ-LE-3 
Mass m(g) 21,504 17,6332 20,903 
Volume V (cm3) 8,655 7,0683 8,424 
Density m/V (g/cm3) 2,48 2,49 2,48 
Specific surface 
 (g/cm2) 8362 8369 8400 

Sieve fraction (mm) 0,080 0,063 0,045 
 
 
Table II: Calculation of mass, volume, density and specific surface of the sample SA-HOLG. 
 

Sample SA-HOLG-1 SA-HOLG -2 SA-HOLG -3 
Mass m(g) 16,1591 21,1242 18,0043 
Volume V (cm3) 6,4636 8,5178 7,2306 
Density m/V (g/cm3) 2,50 2,48 2,49 
Specific surface 
(g/cm2) 8335 8428 8565 

Sieve fraction (mm)  0,080 0,063 0,045 
 



Table III: Calculation of mass, volume, density and specific surface of the sample SLP-MEX. 
 
 

SAMPLE SLP-MEX-1 SLP-MEX-2 SLP-MEX-3 
Mass m(g) 18,1571 20,7425 14,9242 
Volume V (cm3) 7,1204 8,1588 5,8248 
Density m/V (g/cm3) 2,55 2,54 2,56 
Specific surface 
 (g/cm2) 8840 8865 8907 

Sieve fraction (mm)  0,080 0,063 0,045 
 
One outstanding feature is the dependence of the degree of grinding and the specific surface of 
the particles, an evident aspect in the samples analyzed by an increase in superficial value when 
the sample is thinner (0.045 mm). In general, the values of specific surface from zeolites, are 
considered high from the 1,000 g/cm2. The results obtained in this study exceed the reference 
value (see tables I, II and III). 
 
 
Table IV: Results of pozzolanic chemical analysis to 7 days (UNE-EN 196-5:2006). 
 
 

SAMPLE CONCENTRATION 
Hydroxyle ions mmol/l 

CONCENTRATION 
Calcium oxide 

mmol / l 
RESULT 

SJ-LE-1* 44,2 6,1 Positive 
SJ-LE-2** 45,0 6,0 Positive 
SJ-LE-3*** 46,9 5,2 Positive 
SA-HOLG-1* 36,4 8,6 Positive 
SA-HOLG-2** 36,6 8,5 Positive 
SA-HOLG-3*** 36,6 8,2 Positive 
SLP-MEX-1* 37,9 7,7 Positive 
SLP-MEX-2** 37,9 7,7 Positive 
SLP-MEX-3*** 38,5 7,4 Positive 

* fraction= 0,080 mm / ** fraction= 0,063 mm / *** fraction= 0,045 
 
 
Table V: Results of pozzolanic chemical analysis to 15 days (UNE-EN 196-5:2006). 
 
 

SAMPLE 
CONCENTRATION  

Hydroxyle ions 
mmol / l 

CONCENTRATION 
Calcium oxide 

mmol / l 
RESULT  

SJ-LE-1* 48,5 4,6 Positive 
SJ-LE-2** 48,7 4,6 Positive 
SJ-LE-3*** 52,0 4,2 Positive 
SA-HOLG-1* 39,7 7,7 Positive 
SA-HOLG-2** 39,7 7,4 Positive 
SA-HOLG-3*** 39,9 6,6 Positive 
SLP-MEX-1* 43,2 6,3 Positive 
SLP-MEX-2** 43,8 6,1 Positive 
SLP-MEX-3*** 44,8 5,7 Positive 

* fraction= 0,080 mm / ** fraction= 0,063 mm / *** fraction= 0,045 
 
Pozzolanity indexes are acceptable at 7 and 15 days, therefore these materials can be considered 
as active pozzolans. The results have established a correlation between both, size fraction and 



pozzolanity index, in other words, the reactivity increases in solution calcium hydroxide while the 
particle becomes finer (see tables IV and V, and figure 1 b). 
 
The examples described in this study emphasize that pozzolanic reaction is a multistage process 
in the solid-liquid interface (supersaturated solution by calcium hydroxide + cement + pozzolans), 
which starts with the Ca2+ diffusion through the solution, where the calcium ions are strongly 
attracted and fixed to surface of fine particles (particle grain size ranges between 0.080 mm, 0.063 
mm and 0.040 mm, see tables I, II and III) by means of Van der Waals bonds. The diffusion 
speeds of Ca2+ ions depends on various factors such as solution concentration, the character and 
stages of reactions, as well as the nature and condition of the pozzolans. 
 
The absorbed ions are accumulated to form an interface between the supersaturated solution and 
the surface of the pozzolans. In a second stage Ca2+ ions diffuse starting a new phase of direct 
reaction inside the pozzolan particle by means of chemisorptions process. The thickness of the 
interfacial crust will grow until it experiments a dynamic equilibrium caused by saturation of the 
internal spaces of the pozzolan particle. 
 
In this case, where the pozzolans used are zeolites and zeolite-smectite, the chemisorptions 
process is doubly enhanced by the following factors: the large external active surface (facilitated by 
the crushing degree and its surface typically porous and grooved), the remarkable internal surface 
produced by the nature of the crystalline framework (pores and channels), its character as a 
natural ion-exchanger and its sharp absorption capacity. Rabilero, A. (1988) defines the pozzolanic 
reactivity as a succession of stages of kinetic-diffusive type. 
 
It noted that those zeolites (SJ-LE-1, SJ-LE-2 and SJ-LE-3, see table I) which have isomorphic 
assemblages with absorbent clays species (smectite) are significantly reactive on supersaturated 
solutions of calcium-hydroxide, given that their ion-exchanger capacity is enhanced. 
 
An insignificant difference is observed in the pozzolanity rates of those samples with fractions of 
0.080 mm and 0.063 mm, however, this difference increases substantially in the fraction of 0.045 
mm (figure 1-a and 1-b), 
 

       

 
Figure 1 (a and b): Variation rates at different times. 
 
Despite the marked absorption capacity, mineralogical purity and high specific surface inherent in 
SLP-MEX (33.22%) and SA-HOLG (12.61%) samples (Costafreda, J.L. et al., 2011), showed a 
lesser reactivity than sample SJ-LE both to seven and fifteen days (see figure 1-b). However, SLP-
MEX sample has a specific surface average value bigger than SA-HOLG and SJ-LE samples. 
 
It is inferred that this behavior has its origin in the complex composition of the sample SJ-LE, in 
which coexist mordenite-smectite assemblages (majority phase), smectite-illite and smectite-
kaolinite (Costafreda, J.L., 2008). 



 
The role of both, the mordenite and smectite is determinant for the pozzolanic reactions, as both 
manifest the absorption, and absorption as combined processes. Besides this, the smectites have 
a sodic composition, indicating a hydrothermal origin, which make them reactive and absorbent 
minerals par excellence. 
 
An invaluable tool to predict the setting behavior, consistencies and mortars and concretes 
strengths can be the appropriate and careful interpretation about pozzolanity index results from 
studied samples. 
 
 
CONCLUSIONS 
 
Clearly, the milling degree influences the intensity of pozzolanic reactivity. However, processes 
taking place in this reaction seems to be very complex and misunderstood and require to deep on 
the knowledge about nature of the materials used as pozzolans, specifically in terms of chemical, 
mineralogical and physical properties. 
 
A proper application in the manufacture of cement, mortar and concrete can find the minerals used 
in this study given their behavior as typical pozzolans. Also, due to their high specific surface can 
be useful in industrial processes, such as materials with high absorption and absorption capacity, 
in catalytic processes, and as liquor collectors from decomposition of organic compost in the field 
of agriculture (Sevilla, A., 2010). 
 
Reactive character of these samples increases while particles size decreases (40 μ > 63 μ > 80 μ), 
because of particles radius, as a rule, influences the reaction rate. This factor must be taken into 
account in the industrial production of certain pozzolanic cements, where appropriate selection of 
the optimum size fraction ensures good setting and high mechanical strength in relatively short 
time. 
 
According to the results, samples used are capable of fixing large amount of free calcium-oxide, 
and also to neutralize and transform a substantial amount of calcium-hydroxide on solution. This 
conclusion reflects some importance from chemical point of view, because once neutralized the 
calcium-oxide remnant further reactions with chlorides, sulfates and other harmful agents can be 
avoided. 
 . 
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