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ABSTRACT 
 
This work reports the structural characterization of illite from northern 
West Region of Algeria, with the first attempt to refine the structure model and 
locate the interlayer water molecule. Structural characterization was 
accomplished using state-of-the-art analytical methods available for clays. The 
results illustrate the status of techniques for clay structure determination, as well 
as, providing a structural model for illite. The chemical formula for the illite under 
investigation can be written as: K 0.086 Ca0.04 Na 0.061 (Mg0.17 Al 0.61 FeIII

0.27) [Si 3,08 Al 

0.92] O10(OH)2nH2O. Smectites are dominant clay in bentonites. Each of 
montmorillonite, beidelite, illite, hectorite and saponite minerals is a member of 
the smectite group. Chemical formula of smectite which is important to choose its 
industrial uses can be calculated from chemical analysis. The converting of a 
chemical analysis of a smectite and illite minerals into a chemical formula was 
discussed in this study depending on various parameters. 
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INTRODUCTION 
 
Clay minerals are ubiquitous on the Earth’s surface and 
form a major constituent of soils. They belong to the 
families of candites (mostly kaolinite), illite, chlorite and 
smectite. Structurally, to a first approximation, they can be 
described as hydrous sheet silicates with a layered 
structure composed of different ensembles of connected 
tetrahedral and octahedral layers. In the simplest case of 
kaolinite [Al2(OH)4Si2O5], one Si-centered tetrahedral (T) 
sheet is connected to an Alcentered octahedral (O) layer in 
an assemblage known as the 1:1 unit. 

In this work the results of the structural characterization 
of illite from northern West Region of Algeria illite 
representing one of the rare nearly pure illite samples 
found in nature is presented. As well as improving our 
understanding of illite, this work is useful to demonstrate 
the state-of-the-art of the structural characterization and 
refinement of clay minerals. Although there are many 
definitions of the term illite (Grim et al., 1937; Eberl et al., 
1987; Yates and Rosenberg, 1996, 1997), a restrictive 
definition was given by Srodon and Eberl (1984): an Al–K 
mica-like, non-expanding, di-octahedral mineral occurring 

in the clay fraction (< 5 µm). Like other micas, illite 
crystallizes in the monoclinic system. Its structure is very 
similar to that of 2:1 mica, where two tetrahedral sheets 
sandwich an octahedral one to build up the T–O–T unit 
(Brigatti and Guggenheim, 2002; Wenk and Bulakh, 2004). 

The leading cationic atom in the tetrahedral sheets is Si4+ 
which can be partially substituted by Al3+ or very rarely and 
in minute amount by other elements. In the octahedral 
sheet, octahedra are linked by sharing an edge. An 
approximate formula for illite can be written as K 0.34 Ca0.2 
Na 0.06 (Mg0.13 Al 0.76 FeIII

0.25) [Si 3.53 Al 0.46] O10(OH)2nH2O. It 
is assumed that illite may also contain a small amount of 
water in the interlayer space. 

Cationic atoms in the octahedral sheets are mostlyAl3+, 
Mg2+and Fe3+. The number of shielding oxygen of one 
tetrahedron remains four and the number of shielding 
oxygen and hydroxyls of one octahedron is six. The total 
negative charge of fundamental structural layers caused by 
the cationic substitutions in tetrahedrons and octahedrons 
of some phyllosilicates is balanced by cations trapped in the 
interlayer space  K+, Na+, Ca2+, Mg2+ and OH3+. The d001  
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spacing of all phyllosilicates is of primary importance for 
their identification because the basal planes (001) are 
occupied by the densest alignment of atoms. A distinction 
between dioctahedral and trioctahedral phyllosilicates can 
be made on the basis of the 060 reflection. All octahedral 
sites in trioctahedral structure are filled with bivalent 
cations such as Mg2+ for Fe2+. 

Smectite are major clay minerals in bentonites. Pure 
smectite which is seldom found in nature can be obtained 
by purification of bentonites (Grim, 1968). Smectite are 
important in environmental application and industries 
pharmaceutics and geology (Murray, 2000). 
 
 
MATERIALS AND METHODS 
 
The raw clay used in this work is clay collected from a 
natural pond area Algeria. The natural clays were washed 
several times with distilled and deionized water and 
completely dispersed in water. After 7 h at rest, the 
dispersion was centrifuged for 1 h at 2,400 rpm. The size of 
the clay particles obtained was 2 µm and dried at 105°C for 
24 h. To obtain the purified clay, crude clay prior crushed 
and sieved to a size less than 80 µm was suspended with a 
ratio of 70 g of impure clay in 3 L of water maintained 
deionized. In the mixture under stirring with a stirring bar 
for 3 h and room temperature (20 to 25°C) after a lead 
rested 17 h. After the recovery of the clay is dispersed in an 
amount of hydrogen peroxide H2O2 (30%) and then heated 
at 70°C overnight, the oxygenated water was used to 
remove the organic matter. 

During particle size fractionation, smectites are 
concentrated almost quantitatively in the finest (<0.2 µm) 
clay fraction, whereas all other mineral components and 
accessories of the clay samples will be concentrated in the 
coarser fractions.  
 
 
RESULTS AND DISCUSSION 
 
The structural formula method 
 
Unit formula and structural formula method 
 
The structural formula method is a well-known procedure 
for calculation of the structural formulae of minerals (Deer 
et al., 1992) and is a standard method for determination of 
the layer charge of phyllosilicates. There are several ways 
of calculating the structural formula of phyllosilicates (Grim 
and Güven, 1978). In the case of smectites structural 
formula calculations are usually carried out on the basis of 
44 anionic charges per unit cell or 22 anionic charges per 
half unit cell. Alternatively, it is expressed in the form of 22 
or 11 oxygen atoms puc or phuc respectively. Because of 
the fine-grained size of smectites, the 2 μm clay fraction (or 
finer clay fractions) is separated and chemically analyzed.  

 
 
 
This will be denoted in the traditional method. Chemical 
analysis of clay minerals is given in terms of elemental 
oxides and allocation of the various cations in tetrahedral, 
octahedral and interlayer sites following Pauling's rules 
(Pauling, 1960). 

Once the net layer charge is sufficiently large, K + is 
selectively incorporated into the interlayer space, 
collapsing the smectite layer to form an illite layer. The 
reaction by this mechanism is: 
 
Smectite + Al+3 + K+ = Illite + Quartz 
 
A refinement of this model was proposed by Srodon et al. 
(1986). 
 
 
Calculation basis for 1:1, 2:1 and 2:1:1 layer types 
 
The quantity of OH groups is measured by the weight loss 
at 900°C (H2O+ %) of samples previously dehydrated at 
110°C (H2O- %). Thus, the number of oxygen anions 
includes the tetrahedral ones and those associated to H+ 

cations in the OH groups of the octahedral. This number is 
different for the three layer types: (Meunier et al., 1991). 

Most of the chemical analyses of clay minerals ordinarily 
performed do not consider the quantity of H+ cations 
associated to the crystal structure. Consequently, the 
number of oxygen anions involved in a unit cell must be 
determined on a dehydrated basis. Let us consider a 1:1 
mineral: kaolinite. After dehydration, the unit formula loses 
2 water molecules: (Meunier et al., 1991). 

Half the unit formulae of 1:1; 2:1 and 2:1:1 layer is 
calculated using first the amount of H2O and then ignoring 
it. The site occupation and the electrical neutrality have to 
be checked for the three formulas. The determination of 
tetrahedral (Al and Si) and octahedral (Al, Mg and Fe) 
composition shows the variable chemistry of these 
materials. Structural formulae of the illitic clays show that 
they have tetrahedral charges between 0.4 and 0.8 per half 
unit cell. Table 1 shows the calculation basis for a half unit 
formula is 12 if H2O of clay is treated illite. Structural 
formula of clay treated/illite is given as: 
 
K 0.086 Ca0.04 Na 0.061 (Mg0.17Al 0.61 FeIII

0.27) [Si 3,08 Al 0.92] 
O10(OH)2nH2O. 
 
Table 2 shows the calculation basis for a half unit formula is 
12 if H2O of clay is natural. Structural formula of clay 
natural is: 
 
K0.34Ca0.2 Na 0.06 (Mg0.13 Al 0.76 FeIII

0.25) [Si 3.53 Al 0.46] 
O10(OH)2nH2O. 
 
Table 3 shows the calculation basis for a half unit formula is 
12 for H2O of clay/ smectite. Structural formula of clay/ 
smectite is given as: 
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Table 1: 2:1 Phyllosilicate: calculation basis for a half unit formula is 12 H2O of clay treated/Illite. 
 

Oxide 
Weight % 

clay treated 
Molecular weight 

Number of cation × 

1 000 
Number of oxygen 

Number of cation 
12 équivalent 

SiO2 58.17 60.08 968.2 1936.41 3.08 

Al2O3 24.48 50.98 480.18 720.28 1.53 

Fe2O3 6.82 79.84 85.41 128.12 0.27 

MgO 2.2 40.30 54.58 60.53 0.17 

Na2O 0.6 30.98 19.36 9.68 0.061 

K2O 1.28 47.1 27.17 13.58 0.086 

CaO 0.72 56.07 12.83 119.47 0.04 

H2O 5.73 9 636.66 318.33 2.029 

    ∑ 3306.44  

 
 

Table 2: 2:1 Phyllosilicate: calculation basis for a half unit formula is 12 H2O of clay natural. 
 

Oxide 
Weight % 

clay treated 
Molecular weight 

Number of cation × 

1 000 
Number of oxygen 

Number of cation 12 
équivalent 

SiO2 59.23 60.08 985.85 1971.7 3.53 

Al2O3 19.15 50.98 375.63 563.45 1.22 

Fe2O3 6.82 79.84 85.41 128.12 0.25 

MgO 2.19 40.30 54.33 39.44 0.13 

Na2O 0.88 30.98 28.39 14.2 0.06 

K2O 3.13 47.1 66.45 33.22 0.20 

CaO 3.81 56.07 67.94 116.44 0.34 

H2O 4.79 9 532.22 266.11 2.08 

    ∑3132.71  

 
 

Table 3: Calculating mineral formula from weight percent oxide data of clay/ Smectite. 
 

Oxide 
Weight % 

Smectite 
Molecular weight 

Number of cation × 

1 000 
Number of oxygen 

Number of cation 12 
équivalent 

SiO2 64.08 60.08 1070.24 2140.47 3.62 

Al2O3 20.6 50.98 404.08 606.12 1.36 

Fe2O3 5.12 79.84 64.12 96.18 0.21 

MgO 4.72 40.30 117.10 44.66 0.39 

Na2O 0.17 30.98 5.48 2.74 0.018 

K2O 0.13 47.1 2.76 1.38 0.009 

CaO 0.26 56.07 4.63 111.63 0.015 

H2O 4.92 9 546.66 273.33 1.85 

    ∑546.66  

 
 
K 0.009 Ca0.015 Na 0.018 (Mg0.39 Al 0.98 FeIII

0.21) [Si 3.62 Al 0.38] 
O10(OH)2nH2O. 
 
 
Specimen characterization  
 
The chemical formula for the illite specimen calculated on 
the basis of the XRF data can be written as K0.34Ca0.2 Na 0.06 
(Mg0.13 Al 0.76 FeIII

0.25) [Si 3.53 Al 0.46] O10(OH)2nH2O. The main 

interlayer cation is K with minor amounts of Na and Ca. The 
octahedral site is mainly occupied by Al. In the tetrahedral 
site, Si is partly replaced by Al as shown by Rosenberg 
(2002). 

In order to calculate the formula for this clay we perform 
the following simple steps: 
  
- Obtain the analysis (silicates are reported in terms of 
oxide weight percentages, which may or may not be 
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Figure 1: TGA and DTA curve of natural clay and treated clay. 

 
 
normalized to 100% for each oxide and the appropriate 
molecular weight of the oxide. 
- Then, calculate the number of cations associated with each 
oxygen obtained by dividing the oxide weight percentages 
by molecular weight of the oxide and multiplying by 1000; 
this gives the formula-normalized number of oxygen 
anions.  
- Thereafter, the number of cations associated with each of 
the oxygen is calculated. The number of oxygen is 
calculated by multiplying the number of cations by the ratio 
of the cation to oxygen in the initial oxide. For example, in 
SiO2, there is one Si for every 2 oxygens. For trivalent 
cations such as Al2O3, there are 2 Al atoms for every 3 
oxygens. The number of cations in final column 
corresponds to the cations per unit formula per fixed 
number of oxygen atoms; the formula can be written by 
assigning cations to the ideal formula because Al3+ can 
substitute for Si4+. In the tetrahedral sites, Al atoms (if 
present) are commonly added to Si in order to achieve ideal 
tetrahedral site occupancy. The remaining Al atoms are 
placed in the octahedral sites. 

The constituents of the octahedral layer of the illite 
structures vary with aluminum present as a major 
constituent in each of the illite samples. The amount of 
ferrous and ferric iron and magnesium varies from sample 
to sample and substitution of these atoms in the octahedral 
layer causes an increase from the ideal dioctahedral 
condition; the more highly aluminous illites thus approach 

the true dioctahedral character. As the amount of iron and 
magnesium in the octahedral portion of the structure 
increases, the illite correspondingly tends toward a mixed 
or transitional dioctahedral-trioctahedral character. 
 
 
Thermo-gravimetric analysis 
 
Monoclinic clay-like minerals 
 
Positive identification of minerals in the smectite group 
may need data from dehydration experiments 
(thermogravimetric analysis, TGA, or differential thermo-
analysis, DTA) and X-ray powder patterns before and after 
treatment by heating and with organic liquids (Figure 1). 

The thermal analysis diagrams for natural and treated 
clays are shown in Figures 2 and 3. The thermogravimetric 
results for activated clay revealed a weight loss 
corresponding to free and absorbed water on the outer 
surface of montmorillonite and organic materials (Heller-
Kallai et al., 2006) due to acid treatment in the range of 34 
to 133°C. The second peak occurring between 397 and 
536°C refers to the loss of hydroxyl in the structure (Heller-
Kallai et al., 2006). The corresponding weight loss for 
natural and treated clays was 8.69 and 2.04%, respectively 
as confirmed by the calculation basis for a half unit formula 
is 12 H2O of natural and treated clay. 

The differential thermal curve of treated clay shows three 
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Figure 2: DTA curve of natural clay and treated clay 

 
 

 
 

Figure 3: TGA curve of natural clay and treated clay. 
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peaks , namely (a) the free water region in the temperature 
below 200°C; (b) the region where organic substances 
evolve in the temperature range of 200 to 500°C and the 
structural water in the temperature range of 500 to 800°C. 
 
 
Conclusion 
 
In this work, the structural characterization of disordered 
illite from northern west of Algeria using the analytical 
methods currently used for the structural characterization 
of clays was attempted. The outcome of this work is a 
validation of the state-of-the-art of the structural 
characterization and refinement of clay minerals and 
permitted us to obtain a structural model of illite including 
the disordered illite. Smectite, mixed-layer illite/smectite 
and illites form a continuous mineralogical sequence in 
which the composition and structure are quite nicely 
related. The illite end of the sequence appears to be distinct 
from true dioctahedral micas. The main interlayer cation is 
K with minor amounts of Na and Ca. The octahedral site is 
mainly occupied by Al. The corresponding weight loss for 
natural and treated clays was 8.69 and 2.04%, respectively 
as confirmed by calculation basis for a unit formula. 
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