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Abstract 

Lizardite rich peridotite has never been used to prepare ceramic specimens, especially in 

Morocco. For this raison, potential use of naturally abundant lazirditic material from the Rif 

domain (NW morocco), as a supply for ceramic industry, has been evaluated. The effects of 

lizardite addition to magnesite and dolomite mixtures on the thermomechanical properties of 

the calcined ceramics were also detailed. To achieve this target, natural lizardite, magnesite and 

dolomite samples were collected in ultrabasic Beni Bousra massif. Those raw samples were 

used for the synthesis of a forsterite-monticellite rich ceramics. Both raw and sintered samples 

were characterized by x-ray diffraction (XRD), scanning electron microscope (SEM) and 

fourier transform infrared (FTIR). Main physical and mechanical properties were assessed and 
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correlated to their respective microstructural changes. The obtained results showed that both 

magnesite and dolomite were mainly composed of MgCO3 and CaCO3. In contrast, lizardite 

sample showed high amounts of silica, magnesia and iron oxide. Technological tests indicated 

that the prepared mixtures had increased flexural strengths. An increased amount of lizardite in 

the initial mixtures enhanced mechanical properties of the prepared ceramic specimens. The 

same data showed that lizardite has led to a decrease in linear shrinkage during calcination and 

subsequently, the production of ceramics with the required technological properties. Thus, the 

preparation of lizardite-based ceramics from the raw material deposits of the Rif area, Morocco, 

is technically feasible, economically justifiable and socially desirable due to the contribution to 

the economic growth of the raw materials sector, especially ceramic industry. 

Keywords: Forsterite, Monticellite, Lizardite, Basic ceramics, Temperature.   

1. Introduction 

In the face of ever-increasing developments and numerous innovations in the ceramic industry, 

including refractories, the field of mass-market ceramics, in which the wide variety of 

pyroprotection applications in industry requires a wide diversity of ceramic material supplies. 

In fact, many of these materials have been developed specifically to meet the operating 

conditions of a particular process. The characteristic properties of each ceramic class depend 

on both the raw material used and the manufacturing methods of the ceramic products [1-8]. 

The type of ceramic to be used is often dictated by the conditions prevailing in the area of 

application. In the high temperature range, some refractory metal alloys can be used, but their 

use remains limited below 1000°C. Beyond that, only refractory materials are thermally and 

mechanically resistant [9]. 

Today, silica-alumina ceramics are widely used for lining furnaces (refractories), tiles, bricks, 

ladles, glass tank controllers and secondary refining vessels in ferrous and non-ferrous 

metallurgy, due to their high degree of refractoriness, high thermal shock resistance and 



 
 

excellent slag resistance [10-11]. At the same time, basic refractories can also be used in various 

fields as excellent robust material, resistant to heat and electricity, as well as good heat 

conductor [12]. To date, several research projects have been devoted to the recovery of 

materials in the field of ceramics, in particular the development and characterization of basic 

refractory ceramics due to their high refractory quality and their resistance to erosion and 

corrosion of metals and oxides [13-23].  

Due to the growing concern about the economy and the recovery of the basic ceramic industry 

in Morocco, it is becoming imperative and crucial to look for new raw materials containing 

magnesium. However, the main focus of discussion only to use three essential minerals forming 

the rocks: Magnesite, dolomite and lizardite situated in the Rif of Morocco, and which has other 

secondary materials: perlite, halloysite, diatomite, bentonite and red clays [24-25]. 

However, detailed studies on Moroccan lizardite-based ceramics are missing. Thus, the present 

study has been carried out to evaluate the potential use of abundant raw materials from Morocco 

(i.e., lizardite, magnesite and dolomite) for the preparation of a forsterite-monticellite rich 

ceramics with the required technical specifications (i.e., high mechanical performances).  

2. Materials and methods 

2.1. Collection and preparation of the raw samples  

The ultrabasic Beni Bousra massif in the Inner Rif (Morocco) is one of the most important 

peridotite massifs in the western Mediterranean area. It contains useful geomaterials that can 

be valorized for ceramic industry. For the purpose of the current study, a lizarditeic clay rich 

peridotite, dolomite and magnesite samples were collected in the Beni Bousra massif (internal 

Rif, Morocco) belonging to the Tafidest area to the south-western edge of the Tetouan city 

(about 103 km SW) (Figure 1). Peridotite from Beni Bousra is an ultrabasic rock which 

outcrops on the surface in the internal domain of the Rif Alpine range. Peridotite is a plutonic 

rock of very deep origin (upper mantle) and whose rise and establishment in the crust occur in 



 
 

the context of the retreat of the Alpine subduction towards the South and West during the Oligo-

Miocene. The peridotite shows towards the center of the massif a fresh aspect where the rock 

is bottle-green in color and composed of rounded grains of green olivine distributed over a black 

background composed of ferro-magnesian minerals (pyroxene, ampbhibole and biotite) 

(Figure 2.A). Towards the edge of the massif and along the fractures, the rock becomes 

weathered and friable (Figure 2.B). Microscopic observation of peridotite shows that olivines 

and pyroxenes are often cut into fragments (brecciated) and altered into serpentine (antigorite 

and lizardite). In friable peridotite, there are no longer any primary minerals (olivine and 

pyroxene); most of the rock is serpentinized. 

Magnesite and dolomite were collected from the coordinates N35°13'11.5'' W004° 43'49.1'' 

while lizardite clay deposits come from N35° 16'42,9'' W004° 51'41.82''). Prior to the different 

analyses, the collected natural raw materials were hand crushed using a stainless steel mortar 

and pestle, sieved and a grain size of less than 500 µm was reclaimed and stored in plastic 

bottles. Further grinding was undertaken when necessary to prepare subsamples for subsequent 

physico-chemical characterization and ceramic specimen preparation. 

 

Figure 1. A: Situation of Morocco on the scale of Africa - B: Geological map of the Rif - 

C: Structural diagram of the environment of the ultrabasic peridotite massif of Beni 

Bousra with sampling location [26] 

 

Figure 2. Macroscopic appearance of Beni Bousra's peridotite 

 

2.2. Chemical and mineralogical analyses 

Chemical compositions of the powdered and pressed samples from the ultrabasic Beni Bousera 

massif (Morocco) was determined by using a fluorescence spectrometer type ‘SPECTRO’ 



 
 

(AMETEC company, MOROCCO). XRD analysis was performed on using PANalytical XPert 

Pro diffractometer equipped with Cu kα radiation (Kα1 = 1.5406 Å, 45 kV and 40 mA). 

Randomly oriented powder was prepared by sieving 1g of the desired sample (i.e., lizardite, 

dolomite and magnesite) to 250µm, placed on a sample holder and then step scanned between 

2 and 70 (2θ) with 0.02 increments. The diffractogram of each sample was recorded and then 

computer-processed to get the peak position and its intensity. Abundance of each mineral 

species present in the studied samples was estimated by the application of the external standard 

method [27]. FT-IR spectra were obtained with a Bruker Tensor 27 FTIR spectrometer operating 

in the range 4000–400 cm−1. 

Petrographic observation has been performed on thin sections from rock fragments with an 

optical microscope (Olympus BX 51TF: University Mohammed V, Rabat, Morocco). The 

texture (shape, size and arrangement of its mineral constituents) and the optical criteria of the 

minerals (habitus, color, cleavage, pleochroism, relief, polarization tint) allowed a more 

credible identification of the ubiquitous mineral species. Thin sections of 30 μm thick slide 

were cut from the desired sample, polished and stick on a glass plate before observation.  

2.3. Thermo-dilatometric analysis 

The thermodilatometric test were performed by using a LINSEIS Dilatometer, type: L75 

(Linseis Messgeraete GmbH, Selb, Germany) by heating the green ceramic specimen from 25 

to 1600 °C at the regular increment of 5 °C/min under air atmosphere. The cycle includes two 

plateau of 2 h (i.e., 600 and 1200 °C).  

2.4. Ceramic preparation  

Technological tests concerned the less than 63 µm sized subsamples that were dried to 105 °C 

for 24 hours. The dry materials are introduced into jars together with a known weight of 

stainless-steel balls of various diameters and distilled water (i.e., 4 and 6%). Four mixtures 

(M1–M4) were prepared by varying lizardite percentages from 10 to 40% (Table 1). About 100 



 
 

g of the desired mixture was molded in 10 x 5 x 1 cm3 rectangular shaped mold that was, later, 

compressed to prepare a green ceramic specimen; cylindrical mini-brick samples were prepared 

using a hydraulic press (200 bars). The prepared mini-bricks were oven dried for 24 hours and 

heated to the desired temperatures using an electric furnace (Nabertherm GmbH, Germany) in 

an oxidizing atmosphere. Heating program was set to a constant heating rate of 3 C/min with 

two main plateau of 30 minutes (i.e., 600 and 1100 C). After firing, the furnace was cooled 

down to room temperature with a cooling rate of 5 C/min.  

 

Table 1. Composition of prepared mixtures (wt. %). 

 

2.5. Technological tests 

To find out the main physico-chemical properties of the prepared ceramic specimens, a set of 

technological tests (i.e., flexural strength, tensile strength, shrinkage) were performed 

accordingly. Flexural strength measurements were conducted using a 3R type: RP25 ATF. The 

well-known three-point flexure test was used for testing the prepared ceramic samples 

according to the ASTM C674-88 normative guideline [28].  

Indirect tensile strength (i.e., Brazilian test) was also used to measure the tensile strength of the 

prepared ceramic specimen using a press apparatus type 3R (SODAP company, Morocco) [29]. 

Shrinkage test was done by the measurement of the average lengths recorded on mini-brick 

specimen dried at 110 °C and then fired to 1100 and 1400 C. The following formula allows 

the calculation of the firing shrinkage: 

Shrinkage (%) =
𝐋𝟏𝟏𝟎 − 𝐋𝐭

𝐋𝟏𝟏𝟎
  × 𝟏𝟎𝟎       (1) 

Where Lt is the length after firing and L110 the length after drying at 110 °C.  

Linear thermal expansion (αL in °C-1) was determined by the following relationship: 



 
 

αL=
𝚫𝐋

𝐋𝟎×𝚫𝐓
                 (2) 

ΔL: length variation (mm) 

L0: Initial length, expressed (mm). 

ΔT: Temperature difference, expressed in K. 

A thermal expansion by volume (αV) can be deduced for an isotropic material from the 

following relationship [30]: 

αV= 𝟑αL           (3) 

The bulk density and apparent porosity were measured according to ASTM C373-88 [31]. In a 

brief description, a dried test specimen (weight= D; total volume=V) was introduced in a boiling 

water vessel  for 5 h and left to cool down for 24h to determine the saturated mass (M). Finally, 

the Apparent porosity, P (%), was calculated as follows: 

𝑷 =
𝐌−𝐃

𝐕
× 𝟏𝟎𝟎          (4) 

Bulk density, B (g/cm3), included pores as follows:  

𝑩 =
𝐃

𝐕
               (5) 

Microstructural analysis of the prepared ceramics specimens was conducted by scanning 

electron microscope coupled with the EDS analysis, type: Hitachi TM3000. 

3. Results and discussion 

3.1. Characterization of the raw samples 

Chemical composition, by XRF (Table 2), showed that magnesite was mainly composed of 

MgO (42.63%). Such a carbonaceous natural sample exhibited a high loss on ignition (LOI = 

52.35%) due to its MgCO3 content. Dolomite showed a similar high LOI value (51.02%), but 

lower MgO content (20.63%) compared to magnesite. In addition, it was expected to find higher 

percentage of CaCO3 (40.57%), as a further proof about the dolomitic nature of the collected 

carbonate sample (i.e., dolomite sample). SiO2 contents in both materials were ascertained to 



 
 

1.78% and 3.06% for magnesite and dolomite, respectively. Low amounts of alumina (Al2O3) 

were found in both samples. In contrast, lizardite sample showed a predominant silica content, 

reaching 53.48%; followed by a relatively high magnesia content (35.39%), iron oxide (6.68%) 

and alumina (3.15%) together with faint amounts of Na2O (0.9%) and CaO (0.33%). Such a 

chemical composition perfectly corroborated with the mineralogical composition of lizardite 

(predominant mineral phase).  

 

Table 2. Chemical analysis by X-ray fluorescence of raw materials (wt. %). 

 

Figure 3 represents the positions of the used raw materials on the CaO-SiO2-MgO ternary 

diagram. A number of investigations dealing with one or more of the three oxides: lime, 

magnesia and silica, have in recent years been carried out, as a preliminary step in the study of 

the rocks and minerals of the earth's crust. These studies include all of the possible binary and 

ternary of the CaO-SiO2-MgO systems. The phases which occur in the ternary system are: (1) 

Cristobalite, SiO2, (2) Tridymite, SiO2, (3) Pseudowollastonite, α CaO.SiO2, (4) Tricalcium 

di-silicate, 3CaO. 2SiO2, (5) α Calcium orthosilicate, α 2CaO.SiO2, (6) Lime, CaO, (7) 

Periclase, MgO, (8) Forsterite, 2MgO.SiO2, (9) monticellite, (CaO.MgO.SiO2), (10) Diopside, 

(CaO.MgO.2SiO2) and (11) pyroxene solid solution [32].  

Nevertheless, it can be noted that if the MgO and SiO2 amount increases, new phases such as 

forsterite and monticellite will appear. The used carbonate raw materials (magnesite, dolomite 

and lizardite) decomposed into monoxide, in combination with SiO2, form new phases such as 

forsterite (2MgO.SiO2), monticellite (CaO.MgO.SiO2) and diopside (CaO.MgO.2SiO2) [33]. 

Olivine could also be observed as an intermediate phase before forsterite formation occurs, 

depending on the relative proportions of the three components (SiO2, MgO, CaO) and the firing 

temperature. 



 
 

 

Figure 3. Classification of the studied raw materials based on CaO-SiO2-MgO ternary 

diagram (Li: Lizardite, Do: Dolomite and Mg: Magnesite).  

 

As shown in Figure 4, lizardite sample contains lizardite and antigorite phases. Dolomite 

sample is composed mainly of dolomite mineral as major element as well as periclase, quartz, 

chlorite and goethite as minor components. The magnesite sample is composed essentially of 

magnesite minerals. Reflections of periclase, chlorite were also observed with low intensity 

peaks [34]. Those observations were confirmed by the semi-quantified estimations (Table 3). 

 

Figure 4. X-ray diffractograms of the studied Lizardite (a), Dolomite (b) and Magnesite 

(c). L: Lizardite, A: Antigorite, Qz: Quartz, Do: Dolomite, M: Magnesite, Pr: Periclase, 

G: Goethite, Ch: Chlorite).  

 

Table 3. Semi-quantitative analysis of the studied raw materials based on XRD 

diffractograms (%). 

 

IR spectra given in Figure 3Figure 5, showed the main characteristic bands of lizardite, 

dolomite and magnesite samples. Lizardite IR spectra showed the presence of a small amount 

of organic matter due their characteristic bands at 2846 and 2921 cm-1 [35]. A broad band at 

about 3422 cm-1 showed the presence of sepiolite (Si-O-Mg vibration) [36]. Iron hydroxide 

vibrated between 571 and 633 cm-1; Si-O band near 1038 cm-1. The bands attributed to 

deformation of C-O groups (i.e., carbonates) can be observed at 850 and 1458 cm-1 [33]. 

Concerning dolomite sample, wide bands observed near 1695, 3611, 3642 and 3672 cm-1 were 

attributed to the vibration mode of O-H groups. Moreover, the presence of dolomite has been 

confirmed by three characteristic bands near 725, 1743 and 2536 cm-1 in dolomite and 



 
 

magnesite materials. Another band at 1506 cm-1 in the magnesite spectrum suggested C-O 

bending [37]. At a lower frequency range, bands detected at 538, 598, 640 and 990 cm-1 are 

assigned to the Si-O-Mg vibrations. Two bands at 883 and 1450 cm-1 are also observed, as they 

correspond to the bands of the Mg-O bonds [38-39].  

 

Figure 5. FTIR spectra of the studied lizardite (a), dolomite (b) and magnesite samples 

(c) 

 

Dilatometric analysis of magnesite and dolomite, after heat treatment up to 1200°C, showed a 

clear difference in their shrinkage behaviors (Figure 6). Dilatometric curves of magnesite and 

dolomite showed similar trends with a first shrinkage, occurred between 600°C and 825°C, due 

to the decomposition of carbonates. Then, the transformation to periclase started from 850°C 

upwards. A total drop around 1200°C indicated a structural rearrangement of periclase. It can 

be seen that the shrinkage was far larger than the expansion rate (ΔL/L0 was -14% and -15% 

for dolomite and magnesite, respectively). Similar behavior was observed for lizardite sample, 

but to a somewhat lower extent (-13%). 

 

Figure 6. Thermodilatometric curves of the studied natural samples  

 

Microscopic observations of the prepared thin sections indicated dominant dolomite minerals 

(Figure 7.a); a heterogeneous texture composed of finely graded masses of dolomite cut by 

veins of secondary alteration products. Micrographs A and B taken respectively in natural light 

(LN) and polarized light (LP) show the finely graded mass of dolomite recognizable by its high 

polarization (of the 3rd and 4th order on the Newton chromatic scale). High magnification 

revealed that the late veinlets crossing the dolomite mass were mainly composed of chlorite, 



 
 

periclase, quartz and some opaque grains (i.e., iron oxides: goethite). Magnesite sample showed 

a granoblastic texture with millimeter-sized joined grains of magnesite minerals (Figure 7.b). 

Magnesite is recognizable on both micrographs A and B by its almost orthogonal double 

cleavage and its high polarization shades with pink and green iridescence. At high 

magnifications, the magnesite grains showed small muscovite/chlorite flakes, calcite, periclase 

and rare opaque grains of hematite or goethite as accessory minerals. It should be noted that the 

mineralogical compositions of the both samples (Dolomite and Magnesite), revealed by optical 

microscope observations, corroborate XRD data. 

 

Figure 7. Microscopic observation of thin section from the dolomite (a) and magnesite 

samples (b) (LN: natural light, LP: Polarized light - Do: dolomite; Mg: Magnesite; Ch: 

Chlorite; Go: Goethite; Pr: Periclase; Qz: Quartz) 

 

3.2. Characterization of ceramics 

Mineralogical analysis, by XRD, of the prepared ceramic samples is shown Figure 8. It is 

obvious that the dolomite and magnesite decomposed to free magnesia, and transformed to 

forsterite in the range of 780–1400 °C [40]. XRD pattern of M1 sample (10% of lizardite) 

showed a predominant periclase with traces of montecellite and calcium-alumino-ferrite phase. 

Porous oxides are formed during the decomposition of dolomite with a variation in molar 

volumes ranging from 62.94 cm3 mol-1 for CaMg(CO3)2 to 16.92 cm3 mol-1 for CaO and 11.26 

cm3 mol-1 for MgO. After calcination, the resulting oxides have lower molar volumes, larger 

surfaces and greater porosity than carbonates. The thermal decomposition of dolomite and 

magnesite are similar [41-43]: 

CaMg (CO3)2 <===> CaCO3 + MgO + CO2  (6) 

CaCO3 <===> CaO + CO2        (6) 



 
 

An endothermic reaction corresponded to magnesite decomposition occurs from 800 C. Its 

calcination reaction can written as follow:  

MgCO3 <===> MgO + CO2  (7) 

XRD diffractograms of the prepared samples (i.e., M2, M3 and M4) are mainly composed of 

forsterite and monticellite, with a minor periclase, cristobalite and olivine. The intensity peak 

of forsterite slightly increases with lizardite addition. The presence of those new phases gave 

the sintered mixtures enhanced physico-chemical properties with respect to the original raw 

materials.  

Figure 9 showed the relative content of forsterite formation of M1-M4 series samples after 

firing at temperatures in the range of 1100–1400 °C for 2 h. The forsterite content exceeded 

13.8 wt% in sample M4 after firing at 1100 °C, whereas the forsterite was absent in sample M1. 

After firing at 1400 °C, the relative content of the forsterite in sample M4 reached 42.7 wt% 

but remained at only 25.9 wt% in the sample M1. The relative content of forsterite in the sample 

M4 was greater than that in sample M1, M2 and M3 under the same firing temperature. This 

result indicates that finer lizardite powders contributed to a higher rate of forsterite formation. 

We conclude that the smaller lizardite particles enhanced the kinetics of the solid-state reactions 

and accelerated the rate of forsterite formation. 

 

Figure 8. XRD patterns of the prepared mixtures at 1400 °C  

 

Figure 9. Relative content of forsterite and monticellite in M1-M4 mixtures after firing 

to the temperatures range of 1100–1400 °C for 2 h. 

 

Technological properties of fired mixtures were reported in Figure 10. An increased amount of 

lizardite in the initial mixtures stimulated the formation of more liquid phase upon calcination. 



 
 

The obtained results indicated that the prepared mixtures had increasing flexural strengths with 

augmented lizardite content. M4 sample recorded the highest flexural strength of 40.17 MPa. 

Data showed that firing shrinkage reached 8.52% for M1, but the addition of lizardite has led 

to a decrease in linear shrinkage during calcination up to 1400 C. Low firing shrinkage values 

were observed for M2 (5.84%), M3 (3.7%), and M4 (2.9%).  

The results of the Brazilian test varied between 19.34 MPa for M1 and 29.09 MPa for M4. 

Those value clearly satisfy the required technical specifications for ceramic industry. Such an 

increased consolidation may confirm the positive effects of lizardite addition via the activation 

of densification process which enhanced mechanical strength of the prepared ceramic mixtures. 

Figure 10.b shows the variation in bulk density and porosity as a versus lizardite contents of 

the prepared mixtures. It can be easily observed that M1 has the lowest bulk density (1.63 

g/cm3); that of M4 reached 3.25 g/cm3. Similar results were obtained in previous studies [44-

46]. In contrast, porosity decreased with bulk density. M1 yielded a porosity of 4.43% that 

decreased for M2, M3, M4, reaching 3.35, 1.9, and 0.89%, respectively. This can be attributed 

to the increase of the liquid phase with lizardite addition that directly affect the existing pore. 

Linear thermal expansion coefficients of all samples (i.e., M1, M2, M3 and M4) were 

ascertained of αM1=1.7x10-5/°C, αM2=1.5x10-5/°C, αM3=1.25x10-5/°C and αM4=1.07x10-5/°C). 

These results are in favor of good quality ceramics (Table 4). 

 

 

Figure 10. Technological properties of fired specimens at 1400 °C. a) Mechanical 

properties and b) Porosity and bulk density 

 

Table 4. Thermal expansion coefficients of the fired specimens at 1400 °C/30 min.  

 

 



 
 

On the other hand, the tested samples have maintained their shape without undergoing any 

deformation up to 1400 °C (Figure. 11). They retain their original characteristics: no cracks, 

no deformation and low shrinkage at the end of the thermal cycle. The coloration is increasingly 

dark towards M4, which is due to the increase of iron oxides present in the started lizardite 

sample (6.68 %).  

 

Figure 11. Aspect of samples fired at 1400 °C 

 

The microstructure of the fired samples, having different content of lizardite were analysed 

using SEM. The micrographs shown in Figure 12 demonstrate significant effect of lizardite on 

the size and distribution of the particles on the surface. The surface morphologies of the samples 

are marked by the existence of particles with different grain sizes (1-10 µm) and distributions. 

The observation show that the formation of forsterite phase is highest in M4, supported by XRD 

analysis (Figure 9). Increase in grain size of forsterite, that is proportional to the amount of 

lizardite added, causes decrease in porosity (Figure 13), and subsequently, improving the 

mechanical properties ceramics (i.e., the flexural strength and Brazilian test).  

 

Figure 12. SEM micrographs of the mixtures fired at 1400 °C 

 

Figure 13. Microstructural analysis showing the porosity evolution by the SEM-EDS 

 

Conclusions 

This study has been carried out to evaluate the potential use of natural deposits from morocco 

for ceramic industry; the application concerned the Beni Bousra Massif (Rif domain, 

Southwestern Morocco) that showed important deposits of lizardite, magnesite and dolomite.  



 
 

Mineralogical analysis by X-ray diffraction on ceramic specimen from different mixtures 

confirmed the formation and coexistence of forsterite (Mg2SiO4) and monticellite (CaMgSiO4). 

SEM observations showed increased densifications with temperature up to 1400 °C, proving 

that the addition of lizardite activated densification that contribute to the enhanced technological 

properties. An increased lizardite addition has led to a decrease in the linear shrinkage during 

calcination to 1400 C. 

Finally, the economic and social interest through the valorization of the numerous deposits will 

undoubtedly contribute to the sustainable development of this area. The preparation of lizardite-

based ceramics was feasible with required technological properties, making from the Rif area a 

potential supplier of natural materials for ceramic industry. 
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