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Resume - Les analyses mineralogiques quantitatives compl6tes sur 45 matieres 
premieres c&amiques ont 6te conduites suivant une methode qui utilise le 
calcul indirect sur ordinateur 2 partir de la composition chimique. En com- 
parant ces resultats avec les resuitats obtenus avec diffCrentes methodes 
analytiques, on discute la validit6 de 1 'analyse rationelle par ordinateur 
en ce qui concerne la f iabilite et les applications dans le contr6le de rou- 
tine des matieres premieres pour l'industrie ceramique. 

Abstract - Complete quantitative mineralogical analyses of 45 ceramic raw 
materials were carried out following a computerized procedure based on re- 
calculation from the chemical composition. Comparing the results with others 
from different analytical methods, this computerized rational analysis was 
discussed regard to its reliability and application to routine control of 
raw materials in ceramic processes. 

I - INTRODUCTION 

In a previous work /I/, a computerized procedure of rational analysis has been pro- 
posed to obtain the coinplete mineralogical composition of ceramic raw materials, 
particularly the clayish ones. In the present paper data obtained by this method 
are compared with those resulting for the same samples analysed by other methods 
in different laboratories. The samples are subdivided into three principal groups 
according both to their composition and to the source of data. A first group con- 
sists of ten granite samples; a second group consists of ten calcareous illitic- 
chloritic clays for heavy-clay production; the third group consists of twenty-five 
smectitic or kaolinitic clays used in the ceramic industry. The chemical and mine- 
ralogical compositions both of the granite samples and of the calcareous clays have 
been found in the scientific literature /2,3/, while the reference data for the 
materials of the third group have been determined by us on purpose. 

I1 - ANALYTICAL METHODS 

A summarized description of the analytical methods used to obtain the rational data 
and the reference ones is reported. A more exhaustive dxplanation of these methods 
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can be found in the specific papers /1,2,3/. 
Computerized -- rational data 
The complete mineralogical compositions are calculated from the chemical data by 
a computerized procedure; the minerals to be calculated are selected on the basis 
of a qualitative analysis by x-ray diffraction. A machernatical system is set up 
by combining the equations which describe, for each chemical element, the total 
contribution fro111 the r~iinerals to be calculated; the system is always conlpleted 
by an equation which establishes that the sum of the amounts of each of the miner- 
als is equal to one hundred: 

where: 

X .  = mole quantity of the mineral phase j to be calculated; 
J - 

a .= stoichiometric coefficient correspondent to the mole quantity of each element i ~ .  
i in one mole of,the mineral phase j, the composition of which is chosen as 
resulting from its theoretical formula; 

A. = mole quantity of each element i calculated from the quantitative chen~ical com- 
1 - 

position of the raw material; 

M .  = molecular weight of the mineral phase j; 
J - 

Z = percent amount by weight assumed for accessory minerals. 

The system is solved by the least squares method, but the solution is accepted only 
if the discrepancies between the oxide concentrations, recalculated and chemically 
determined respectively, are not higher than a predetermined value. To increase 
the probability of obtaining a reliable solution, for each sample a lot of systems 
are defined varying both the composition assigned to chlorite and illite, if they 
are present, and the amount of accessory minerals. For smectite, calculation is 
normally carried out with the chemical composition of rnontmorillonite, but one may 
select beidellite, nontronite or saponite if there are evidences from chemical and 
x-ray data. In this way, a lot of reliable solutions are often obtained; then the 
average solution is finally retained as the composition of the sample. 
Reference data 
The complete mineralogical compositions of the granite samples were determined by 
a point-counting method on thin sections at the mineralogical microscope /2/. For 
the calcareous clays of the second group of samples considered, quantitative miner- 
alogical data are available only for quartz and calcite, being dolomite always less 
than 5%. These values were determined by x-ray diffraction techniques /3/. The 
twenty-five samples constituting the third group have been analysed by us in order 
to determine the quantitative composition of the clayish fraction (less than 2 pm) 
adopting the following x-ray procedure. After separation of a fraction less than 
2 pm, on an oriented sample three x-ray analyses are performed: on natural, on gly- 
colated (at 45°C per 24 hours) and on heated (at 550°C per 2 hours) sample. From 
the area of the peaks on the diffractogram of the glycolated sample, the relative 
amounts of the clay minerals are then calculated /4/. To allow a comparison, for 



each sample the total amount of clayish minerals determined by the so-called refer- 
ence procedure has been imposed to be equal to that resulting from the computerized 
rational analysis, which gives a complete mineralogical composition of the untreat- 
ed sample. Other than in the original papers, the chemical and mineralogical data 
of the granites and of the calcareous clays are reported in an internal report of 

Microscopic quartz ( % )  Microscopic total feldspars ( % I  

Fig. 1 - Comparison between microscopic and rational amounts of quartz (a) and 
total feldspars (b) in granite samples. Reference data from Paganelli, Tiburtini 
/2/  - 
IRTEC; in that report all the data relative to the other twenty-five clay raw mate- 
rials are also listed / /. 

I11 - RESULTS AND DISCUSSION 

For each sample only data which can be useful for discussion are shown in this 
paper; all the others can be found in the above-mentioned internal report / /. 
Granites 
The granites are made up of quartz, perthite, plagioclase and other minor minerals, 
mainly mafic. Perthite is a potassic feldspar with intergrovn albite (i.e. sodium 
feldspar), which formed during cooling from primary solid solution between the 
feldspars of potassium and sodium. Plagioclase is a solid solution of the feldspars 
of sodium and calcium. By a point-counting method, quartz, perthite and plagioclase 
can be determined, while through the rational analysis, in addition to quartz, one 
can calculate the amount of the single terms of the feldspar group; i.e. K-, Na- 
and Ca-feldspar respectively. Therefore the comparison between the data obtained 
by the two methods can be made considering the amount of quartz and the total 
amount of feldspars (Fig. la and lb respectively). In both cases the correlation 
between microscopic and rational computerized data is quite evident, since any 
point in the diagram is not too far from the line 1 : l .  
Calcareous clays 
The ten calcareous clay samples are very simi lar among themselves and they are made 
of quartz, Na-feldspar, carbonates (mainly calcite), illite, chlorite and iron 
oxides. The comparison between rational and reference data for quartz, calcite and 
dolomite is reported in Table 1. Our computed dolomite amounts range from 4 to 8%, 



JOURNAL DE PHYSIQUE 

only slighly above the indicative ones of literature. The calculated calcite con- 
centration very well agree with those determined by an x-ray method; in fact the 
differences are never higher than 3%. The discrepancies for quartz are bigger; 
however the results are very good for technological and applicative purposes. 

Table 1 - Quantitative mineralogical data for calcareous clays whose total compo- 
sition includes quartz, Na-feldspar, carbonates, illite, chlorite and iron oxides. 

1 = rational data ; 2 = reference da ha /3/ 

mineral phase 

1 1 
quar tz  

2 

I 1 
calci te 

2 

do lomi te  { 
2 

Kaolinitic and smectitic clays 
All the data obtained by both the rational method and the so-called reference pro- 
cedure are listed in Table 2. If we consider chlorite, we can note that its amounts 
are always low; notwithstanding this, it is evident that rational values result 
systematically higher than those determined in the fractions less than 2 urn. In 
our opinion, this depends mainly on a relative reduction of the chlorite content 
due to the granulometrical selection. Also the rational data for illite are gener- 
ally higher than the reference ones, but there is a good correlation between the 
two sets of data, as it may be seen in Fig. 2a. Furthermore, it is evident that 
the points representing the samples without illite/smectite interlayered phases 
(open circles) on an average fit the line 1:l. So, the systematic differences for 
illite concentrations are due to the presence o f  an interlayered mineral, which 
cannot be considered as a computable phase in the rational analysis. This is evi- 
dent from the diagram of the difference between rational and x-ray iilite versus 
the interlayer amount (Fig. 2b), with the only exception of some samples, particu- 
larly those lacking of kaolinite (open circles). For these last samples, the ra- 
tional smectite values result higher than the reference ones (see samples n. 1 ,  
2 and 7 in Table 2 ) ;  in all the other cases, the rational data for smectite are 
casually higher or lower than the others: this means that there are no systematic 
discrepancies. No systematic differences seen1 to exist between the two sets of data 
obtained for kaolinite, also if in the most cases the rational data are the highest 
ones. 

sample n 

26 27 28 29 30 32 33 34 35 36 

35 34 36 35 27 25 24 22 27 26 
28.0 295 300 420 335 21 0 160 200 305 260 

16 18 17 17 17 16 16 19 15 16 

18 16 15 15 16 17 18 16 17 17 

1 6 - 5 4 6 7 8 - 7 7  
45 - 45 45 45 45 -5 - <5 45 

IV - CONCLUSIONS 

The computerized method for the rational analysis of the mineralogical composition 
of ceramic raw materials, besides to guarantee reproducible and comparable results, 
gives data that are in good agreement with those comirg from other analytical pro- 
cedures, and does not need of any weighting scheme to give better solutions / 6 / .  
It obviously shows some limits mainly due to the impossibility of defining the com- 



position of amorphous phases and/or of specific mineral combinations (mixed-layer 
n~inerals). However, this method speedly gives a picture of the quantitative minera- 
logical parameters of each sampling. This is useful to investigate possible corre- 
lations between mineralogical compositions and technological properties, at a sta- 

Table 2 - Quantitative mineralogical data for kaolinitic or smectitic clays. 

I  = rational data ; l l =  X-ray data for the fraction less than 2 pm; + = Na-feldspar 
16% and other 3% ; $ = Na-feldspar 9% and K-feldspar 3% ; * = dolomite; $= calcite 
6% and dolomite 10%. 

tistical level, of both green and fired clay-based products. The procedure is sim- 
ple and rapid, so it may be conveniently adopted by ceramic industries and more 
generally by factories involved in clay minerals mining and refining. Furthermore, 
the accuracy is high enough to ensure successful applications for applied studies 
and researches in fields also other than ceramic technology. 
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Fig. 2 - a) Comparison between x-ray and rational illite data determined in kao- 
linitic and smectitic clays; b) Difference between rational and x-ray data for i l -  
lite concentrations vs. mixed-layers content in kaolinitic and smectitic clays. 
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