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Dolomite powder from Ouled Mimoun, Tlemcen (western region of Algeria) was thermally treated within
the temperature range 450-1000 °C. The modifications undergone by dolomite, inherent to thermal
treatment, were investigated from X-ray diffraction patterns. The results were also discussed using scanning
electronic microscopy and nitrogen adsorption. The XRD data, analysed from X Pert Plus program, showed
that the dolomite phase ceases at 700 °C and is relayed by the formation of in situ calcite and periclase. The
crystallographic parameters of these two phases tend towards that of pure periclase and calcite at 1000 and
900 °C, respectively. SEM analysis indicated that the morphological properties were profoundly affected.
Thermal treatment SEM images of D-1000 (sample treated at 1000 °C) indicated that the original particle shape of dolomite
X-ray powder diffraction (presence of discrete grains having sharp edges with presence of cleavages) was totally destroyed, leading to
SEM small spherical particles with a diameter of 0.1 pm. The specific surface area value of D-1000 increased more
Adsorption than 6 times against that of the raw dolomite. Adsorption of azo-dye Orange I from aqueous solutions onto
untreated and treated dolomites was also reported. The isotherms were of L-type. The interaction was
explained by electrostatic considerations between sulfonate groups of the dye (D-SOsNa), which are
dissociated in the aqueous system, and positively charged adsorption sites. The affinity of orange I for the
dolomitic solids follows the sequence D-900 > D-1000 > D-800 > > D-600 > raw dolomite. The maximum
retention capacity shown by D-900 was explained and correlated with its crystallographic properties.

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction

Dolomite is an inexpensive material. Its structure contains alternat-
ing planes of Ca®>* and Mg?* cations with ideal formula CaMg(CO5),.
Occasionally one element may have a slightly greater presence than the
other [1]. Dolomite is an important industrial mineral. It is used as a
source of both magnesium metal and magnesia in different branches of
industry such as the food and pharmaceutical industries and the
production of fertilizers, glass, and building materials. One of the main
applications is in the field of refractory materials, in order to produce
fire-resistant products, used in metallurgy, chemical and ceramic
industries [2-4]. Dolomite was also used as transesterification catalyst
for palm kernel oil [5] and adsorbents for substances such as iodine [6],
dyes [7], copper(Il) [8], lead(I) and cadmium(II) [9], CO, [10] and so on.

The majority of these applications implies the decomposition of
dolomite, from where the necessity and interest of studying its
stability as a function of temperature. This thermal processing is

* Corresponding author.
E-mail address: aminekhelifadz@yahoo.fr (A. Khelifa).

0032-5910/% - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.powtec.2010.04.013

accompanied by structural changes within the solid product [11],
causing a significant change of the crystallographic, morphological
and textural properties. Obviously, the modification in the interfacial
properties of dolomitic solids improves their adsorption properties.

The objectives of this study were to investigate the modifications
undergone by Algerian dolomite owing to thermal treatment and
apply the decomposition products for removing azo-dye orange I from
aqueous solutions. The dolomite was treated over the range 450-
1000 °C. The thermally modified samples are called dolomitic solids.
The powder XRD data were measured by fitting with pseudo-Voigt
function through the X Pert Plus program. The results were also
discussed using scanning electronic microscopy and nitrogen adsorp-
tion. Despite evidence in the literature of increased interest in low-
cost adsorbents, no adsorption study of azo-dye on dolomitic solids
has yet been published, in which the treatment temperature is
considered as a pertinent parameter.

2. Experimental

The dolomite used in this study was supplied from the Ouled
Mimoun deposit in Tlemcen (western Algeria). The composition of
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Table 1 Table 3
Chemical composition of raw dolomite. Crystallographic parameters of the thermally treated dolomite samples.
Oxide Ca0 MgO  Fe;03  Si0;  ALOs  MnO;  Crx0s Temperature (°C) a(A) c (A) Vv (A%)
Percentage (%) 31.18  21.05 0.2 0.01 0002 00015 0.01 450 48123 16.112 323.13
500 48138 16.142 323.93
550 4.8159 16.158 324.53
this dolomite is very close to the formula CaMg(COs),. Its typical 600 4.8180 16.169 325.04
hemical composition in mass% fmin m X- 650 4.8222 16.204 326.31
chemical compositio ass% dete ed by a Cameca SX-50 200 48971 16231 3775

electronic microprobe is given in Table 1. The grain size of the material
used was 0.125-0.25 mm. Samples of raw dolomite were heated in a
muffle furnace from 450 to 1000 °C at a constant heating rate of 10 °C/
min. Each sample was processed at the relevant temperature for 2 h
[12]. Mineralogical species of raw dolomite and dolomitic solids were
characterised by X-ray powder diffraction employing an INEL CPS 120
diffractometer using monochromated CuKc radiation. The XRD data
were collected over a 26 range of 10-70° with a step width of 0.02°.
Peak intensities and angle positions were measured by fitting with
pseudo-Voigt function through the X Pert Plus program. This program
also has a facility for profile fitting and decomposition of overlapping
diffractions.The molar concentration of CaCOs, Xc,, in dolomite was
calculated using its linear dependence on lattice parameters. The
formula [13]:

Xeg = 7(‘11040.0262840) + 50 1)
expresses the linear dependence of d;g4 of dolomite with respect to
the fix-point of ideal stoichiometric dolomite. The dqo4 value of the
Ouled Mimoun dolomite is 2.8847 A, corresponding to Xc,=50.23%.
This again confirms that the dolomite has a stoichiometry close to (Ca/
Mg) =1, with a formula CaMg(COs)5.

The crystallite size and morphology of the samples were
determined by scanning electronic microscopy (JEOL, JSM-6360,
Japan). The nitrogen adsorption isotherms were measured at 77 K
via an ASAP 2010 instrument (Micromeritics, Norcross, GA, USA)
using helium and nitrogen of 99.99% purity. The specific surface areas
were calculated using the standard BET method.

The adsorption experiments were performed via the batch method
at 2541 °C. 0.06 g of dolomitic adsorbents was mixed with 20 mL of
aqueous orange I solution in a concentration range of 20-200 mg/L.
pH of the dispersions was adjusted to 5 by adding 0.1 M HCI. After
equilibration, the solution was separated by filtration. Volumes of
10 mL aliquot of the supernatant were analysed by visible spectro-
photometry at 476 nm using a Hach DR 2800 visible spectrophotom-
eter. The adsorbed amount was determined from the difference
between the initial and final concentrations. Preliminary studies were
carried out to optimise the time of equilibrium, pH and the adsorbent
concentration. Orange I (C;gH;{1{N,0SO3Na, pKa=8.2, analytical
grade) was purchased from Fluka.

3. Results and discussion

The data of the untreated dolomite collected at room-temperature
led to the cell parameters a=b=4.8076 A, c=16.0103 A, a = =90°,
¥=120° and V=320.47 A3, for a rhombohedral cell in the R3 space
group. Examination of the untreated Eugui dolomite by XRD also

Table 2

Crystallographic parameters of various dolomites.
a (A) c (A) Vv (A% References
4.8076 16.010 320.47 This study
4.8072 16.005 320.31 [15]
4.8089 16.015 320.75 [16]
4.8033 15.984 319.30 [17]
4.8069 16.002 320.20 [18]

showed that the material crystallises in the R3 space group [14]. The
parameters relating to the dolomite from Ouled Mimoun agree closely

with those reported in the scientific literature for other stoichiometric
dolomites. The comparison is given in Table 2.

These unit-cell parameters for the thermally treated dolomites are
reported in Table 3 and depicted in Figs. 1 and 2. The a and c cell
parameters uniformly increase with temperature up to 700 °C,
although not linearly. Similar evolution was observed by Reeder and
Markgraf [18] for dolomite from Eugui (Spain). Above 700 °C, a saw-
tooth evolution was obtained (data not shown), revealing a structural
discontinuity that would indicate a phase transition. The latter is the
consequence of beginning of the dolomite decarbonation. The
decomposition of dolomite has been extensively studied, mainly by
TGA or DTA, because of its mineralogical interest and industrial
importance. According to the literature data [19], the thermal
decomposition of dolomite occurs in air in two steps, as follows:

first reaction: CaMg(CO3),—CaC05;+MgO + CO, (2)
second reaction: CaCO;—Ca0 + CO,. (3)

The decomposition of dolomite above 700 °C, corresponding to the
first reaction, leads to changes in the chemical composition of the
surface and in the porosity of this mineral [20]. The second reaction
proceeds from 900 °C. Generally, the product of partial decomposition
of dolomite (reaction (2)) consists of a rigid porous calcite and the
fine powdered magnesium oxide [21]. Consequently, we followed
from 700 °C the crystallographic parameters of calcite and magnesium
oxide (Table 4).

Fig. 3 shows that the a cell parameter, for in situ formed calcite,
increases from 750 to 800 °C. This evolution could be explained by the
formation of an intermediate solid solution, Ca(;_,Mgy(CO3). The
increase in the cell parameters from 750 °C, would be explained by
the release of Mg?™ from the solid solution. The existence of a
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Fig. 1. Variation of a unit-cell parameter of dolomite versus temperature.
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Fig. 2. Variation of c unit-cell parameter of dolomite versus temperature.

magnesium-rich calcite has been reported by Goldsmith and Heard [22].
These authors found a calcite phase with 20 mol% of magnesium at
900 °C. Galai et al. [23] studied the mechanism of growth of MgO and
CaCO3 during a dolomite partial decomposition. They found that at
680 °C and under 0.025 atm, the reaction product is a solid solution
Ca(1-xMg,(CO3). The final content was estimated to be x =0.052. From
800 to 900 °C (Fig. 3), the reached value tends towards that of pure
calcite phase. As temperature increases, the x variable tends towards
zero, so that the solid solution approaches stoichiometry of a pure
calcite. The increase of the calcite cell parameters with temperature,
calcite crystallised over a host dolomite structure, was also reported by
De Aza et al. [16]. From 900 °C, the found reflections do not correspond
to that of calcite, probably because of its lime decomposition.

The a crystallographic parameter of in situ formed periclase phase,
resulting from the thermal decomposition of dolomite, drastically
decreases between 750 and 800 °C. The reached value tends towards
that of pure periclase, from 800 to 1000 °C (Fig. 4). The strong reduction
observed at the beginning is due to the fact that magnesium ions are
released from a solid solution as discussed above. As temperature
increases, the growth of the MgO phase induces a shrinkage of the a
parameter from 4.305 to 4.217 A (Table 4), the Mg?* cation (s =
0.65 A) being smaller than Ca®* (12" =0.99 A). The Mg-0 bond length
is therefore smaller than that the Ca-O bond.

In order to characterise the structural changes caused by thermal
modification within the bulk and surface, SEM micrographs of the
grain cross-sections were also reported. These are presented in Fig. 5
for the raw dolomite and for the samples treated at 800 (D-800) and
1000 °C (D-1000). The sample a (Fig. 5a) shows the presence of
discrete grains with some grains having sharp edges. An identical
morphology was also reported by Samtani et al. [24]. Fig. 5b indicates
that the dolomite presents cleavages and shows an apparent
preferential orientation of dolomite crystals, along c-axis. Dolomite

Table 4
Variation of unit cell with temperature for in situ formed calcite and periclase.

Temperature Unit cell for in situ formed calcite Unit cell for in situ
(°C) formed periclase
a(d) cd) v (A% a(A) v (A7)
750 4.8131 16.956 340.17 4.305 79.78
780 4.8360 16.974 343.78 4283 78.57
790 4.8522 17.145 349.57 4.272 77.96
800 4.9003 17.275 359.24 4.261 77.36
850 49574 17.311 368.42 4.244 76.44
900 49732 17.385 372.36 4.232 75.79
1000 - - - 4.217 74.99
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Fig. 3. Variation of a cell parameter versus temperature for in situ formed calcite.

belongs to the rhombohedral crystalline system which has a threefold
inversion axis and therefore is anisotropic. It should be noted that the
bright area in Fig. 5c is an inclusion of calcite and quartz. It was
mentioned in a previous paper that the Ouled Mimoun dolomite
contained traces of quartz [25]. After thermal modification, the
morphological properties were profoundly affected, causing a
significant change of the surface topography of the samples.
Micrographs of sample D-800 (Fig. 5d and e) clearly show the
newly created pores and slots. The structure appears to be less
compact than that of the starting material. These features could be
explained by the decarbonation of MgCOs associated with dolomite as
shown in reaction (2). The CO, release led to a more porous structure.
Scanning electron micrographs of D-1000 (Fig. 5f and g) showed that
the original particle shape of dolomite is totally destroyed by the
thermal treatment at 1000 °C, forming small spherical particles with a
diameter of 0.1 um. D-1000 thus has a porous structure which
resembles a sponge. The fragmentation of the particles and the
formation of spherical shape were also evidenced by SEM images for a
mechanically activated dolomite [26].

Results relating to the specific surface area of the natural dolomite
and the modified thermally dolomites are summarised in Table 5.
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o
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Fig. 4. Variation of a cell parameter versus temperature for in situ formed periclase.
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Fig. 5. SEM images of : (a: magnif. x 30), (b: magnif. x650) and (c: magnif. x3700) untreated dolomite; (d: magnif. x 10,000) and (e: magnif. x 27,000) dolomite treated at 800 °C;

(f: magnif. x4000) and (g: magnif. x30,000) dolomite treated at 1000 °C.

Specific surface area increases with treatment temperature reaching a
maximum of 11.36 m?/g at 1000 °C. A value of 11 m?/g was also
attained for a dolomite milled during 21 hr [27]. The lowest value was
found for the untreated dolomite. The value of the D-1000 sample was

more than six times higher than that of the raw dolomite, for a particle
size of 125-250 um. Dolomite with a mean particle size of 100 pm
produced a surface area of 19.5 m?/g, once treated at 800 °C [8]. A
value of 7.1 m?/g was found at 850 °C, for a particle size distribution
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Table 5
Specific surface area of the thermally treated dolomite samples.

Sample Heating temperature (°C) Specific surface area (m?/g)
Raw dolomite - 1.82
D-600 600 245
D-800 800 9.34
D-900 900 9.77
D-1000 1000 11.36

ranging between 1000 and 1200 pm [28]. This indicates that the
particle size of the dolomite has a significant effect on the activation
process. The mechanism proposed for the particles large size is that
there exists an un-reacted core made up of dolomite surrounded by a
surface layer constituted by the products of the reaction (1) or (2),
according to the treatment temperature. From mechanistic studies, it
was proved that the thermal dissociation of dolomite begins at the
solid surface and extends over time until the interior of the particle is
reached [29].

Thermal modification leads thus to a considerable change in the
interfacial properties of dolomitic adsorbents. From these considera-
tions, it is clear that a thermally dolomite treated has a greater
potential to act as an adsorbent, in spite of a relatively low surface
area, compared to commercial adsorbents.

For illustrating the improvement of the adsorptive properties of
thermally modified dolomites, we reported the results of the orange I
adsorption. The experiments have been repeated three times. For each
experiment, the mean value was considered. The results were
determined with a variation coefficient lower than 5%. Adsorption
isotherms are depicted in Fig. 6 and were of L-type according to Giles
et al. [30]. This isotherm shape indicates that there is no strong
competition between the solvent and the adsorptive for surface sites.
As more surface sites are occupied, it becomes increasingly difficult
for the adsorptive to find a vacant site, at least for raw dolomite and
D-600. The isotherms for the D-800, D-900 and D-1000 samples do
not reach a limiting value. This could be explained by increasing of
number of positively charged sites available inside these solids. In the
aqueous system, sulfonate groups of the dye (D-SOsNa) are dissociated
and the dye becomes anionic. The surface charge of materials changes
according to the condition of the aqueous dispersion and is usually
explained in terms of a point of zero charge (pH,p). In a previous study
[25], we found that isoelectric point of the Ouled Mimoun dolomite was
approximately 6.8. At pH 5, high electrostatic attractions exists between
negative charges of orange I and positively charged adsorption sites.

30 g
25 4 o =
o
X Dolomite
o o - AD-600
s o OD-800
o
k=) o ©D-900
£ 151 o =D-1000
% _ o
[« ] o o
104 -
o
BL A .
A
54 i X
" X
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ke D¢
o] T . . : .
0 40 80 120 160 200
Ce (mg/L)

Fig. 6. Adsorption isotherms of orange I onto dolomitic solids at 25 °C.

Such interactions were also considered between pentachlorophenol
and dolomitic adsorbents [31]. According to Chen and Tao [32], below
pH 6.8 dolomite is positively charged due to prevalence of the species
[MgOH™] and [CaOH"].

The affinity follows the sequence D-900 > D-1000 > D-800 > >
D-600 > raw dolomite. The uptake capacity of D-900 is 6 times
higher than that of the untreated dolomite. As shown from Fig. 3,
the a cell parameter for in situ formed calcite tends towards that of
pure calcite phase. This means that the dolomitic adsorbent, treated at
900 °C, consists of pure calcite phase and magnesium oxide. Nystrom et
al. [33] showed that no isoelectric point (IEP) was observed for calcite in
water and that ¢-potential at a pH slightly below 8 was around 25 mV.
Electrophoretic measurements of synthetic calcite dispersions revealed
that the positive ¢-potential, at pH<9.5, was the result of the prevailing
positive ionic species (Ca>*, CaHCO3, CaOH™) at the calcite- aqueous
solution interface [34]. Cicerone et al. [35] showed that in the case of
Mg?*/CaC0O5 system, magnesium ions alter the surface charge of
CaCO5 by incorporation into the calcite lattice, yielding a more
positively charged surface. From these considerations, the highest
capacity of orange I retention by D-900 could be explained by the great
number of charged positively active sites, due to in situ formed calcite,
associated to those generated at magnesium oxide-aqueous solution
interface.

4. Conclusion

X-ray diffraction patterns for the thermally treated dolomite
samples were investigated over the range 450-1000 °C. The data of
the untreated dolomite collected at room-temperature led to the cell
parameters a=b=4.8076 A, c=16.0103 A, a=p=90°, y=120°
and V=320.47 A, for arhombohedral cell in the R3 space group. The
follow-up of cell parameters of the thermally treated samples,
identified as dolomitic solids, showed that the dolomite phase ceases
at 700 °C and is relayed by the formation of in situ calcite and
periclase. The crystallographic parameters of these two phases tend
towards that of pure periclase and calcite at 1000 and 900 °C,
respectively. From 900 °C, the found reflections do not correspond to
that of calcite, probably because of its lime decomposition.

SEM analysis for the untreated dolomite revealed the presence of
discrete grains having sharp edges with presence of cleavages and a
preferential orientation along c-axis. Micrographs of the sample D-800
clearly showed the newly created pores and slots. SEM images of
D-1000 indicated that the original particle shape of dolomite was
totally destroyed by the thermal treatment at 1000 °C, forming
small spherical particles with a diameter of 0.1 um. Specific surface area
increased with treatment temperature reaching a maximum of
11.36 m?/g at 1000 °C. The thermally modified dolomites showed a
high affinity for orange I adsorption. The process was explained by
electrostatic considerations between the negatively charged orange I
dye and the positively charged adsorption sites. The uptake capacity of
D-900 was 6 times higher than that of the untreated dolomite, namely
29.5 against 4.8 mg/L. These results indicate that dolomitic solids are
potentially cost effective materials for azo-dyes adsorption.
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