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Four different natural Jordanian Montmorillonites: diatomite, zeolite, bentonite, and kaolinite (white 
and red kaolinite) without any further purification or treatments were characterized by FTIR and SEM/EDS 
techniques. FTIR validated the existence of silanol and hydroxyl group bridges on the clay surface, while 
SEM verified the chemical composition SEM/EDS and the morphological structure of the Jordanian clays. 
The results confirmed the presence of silanol and hydroxyl links on the samples surface and the existence of 
some ions on the natural Montmorillonites.  
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Методами ИК-Фурье-спектроскопии и сканирующей электронной микроскопии исследованы 
образцы четырех различных природных монтмориллонитов (Иордания): диатомит, цеолит, бентонит 
и каолинит (белый и красный каолинит) без какой-либо очистки или обработки. С помощью ИК-
Фурье-спектроскопии подтверждено наличие силанольных и гидроксильных групп, образующих мос-
тики на поверхности глинистого материала, методом СЭМ установлен химический состав и морфоло-
гическая структура   иорданских глин. Результаты подтвердили наличие силанольных и гидроксиль-
ных связей на поверхности образцов, а также наличие некоторых ионов в природных монтморилло-
нитах. 

Ключевые слова: природные монтмориллониты, СЭМ/ЭДС, химический состав, глины  

Introduction 

Clay is a naturally occurring, inorganic component of most soils. It is made up of 
tiny particles less than 0.002 mm in diameter. Chemically, clays are aluminosilicates 
[Al4Si4 O10 (OH)8] and carry negative charges. Some of the most important traditional ap-
plications of aluminosilicates are in ceramics, paper, pigment, plastics, drilling fluids, 
foundry pendants, chemical carriers, liquid barriers, decolorization, and catalysis. Clays 
and clay minerals have been mined since the Stone Age; today they are among the most 
important minerals used also by manufacturing and environmental industries 
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In many industrial applications, the surface properties and reactivity of clays are of 
bigger importance than their bulk composition. Changes in the spectra of molecules ad-
sorbed on the clay surface provide direct information on the mechanism and sites of ad-
sorption. Hence, each material will bear a different spectrum and, therefore, FTIR analysis 
can be used in identifying its sites. In addition, the size of the spectral peaks provides in-
formation on the composition of the material[1]. 

SEM, on the other hand, uses beam of high-energy electrons that produces different 
signals at the surface of a solid material. These signals provide information on the mor-
phology, crystalline structure of the material and the chemical composition of the sample. 

Natural clays, such as kaolinite, bentonite, palygoskite, volkonskoite and elite and 
black mold are widely distributed in Jordan [2]. An understanding of the properties of Jor-
danian clays will help in describing its behavior when subjected to certain catalytic reac-
tions and adsorption activities[3, 4].  

It is the aim of this study to study the composition and properties of the natural Jor-
danian clays using Fourier transform infrared (FTIR) and scanning electron microscopy 
(SEM). Some FTIR studies can be found in the literature but only limited SEM analyses 
were done on natural Jordanian clays. 

Experimental  

Materials and Procedures. For this study different natural Jordanian samples were 
considered: diatomite, zeolite, bentonite and kaolinite (white and red kaolinite). Bentonite 
samples were collected from Al Azraq region, which is located approximately 120 km 
northeast of Amman; kaolin samples were taken from south Jordan, Batn el-Ghoul, Al-
Mudawwara; diatomite samples were gathered in separate horizon of Azraq Mud flat area 
approximately 110km northeast of Amman: and zeolite samples were collected from at-
Jabal Aritayn (30km NE of Azraq town). The chemical compositions of these clays are 
provided in Table 1. 
 
Table 1. Chemical composition of Jordanian samples containing zeolite, bentonite, white 
kaolinite, red kaolinite and diatomite [1] 

Oxides 
(%wt.) Zeolite Bentonite White Kaoli-

nite Red Kaolinite Diatomite 

SiO2 42.0 55.7 48.0 47.6 72.0 
Al2O3 12.8 20.1 36.3 24.9 11.4 
Fe2O3 12.1 1.5 1.0 6.1 5.8 
MgO 10.1 3.5 0.3 1.0 - 
CaO 8.5 2.1 0.1 0.5 1.5 
Na2O 4.0 0.1 0.1 0.8 7.2 
K2O 0.8 2.4 1.8 2.3 - 
TiO2 - 2.5 0.1 0.7 - 

 
Methodology.  Characterization of natural Jordanian clays by FTIR measurement 

and the analysis of spectra were done by using a Shimadzu IR Prestige-21/FTIR-8400S 
spectrophotometer through the wave number range from 400 to 3900 cm-1 using, the KBr 
pellet technique. The spectra were summarized by using the FTIR software. The data in-
terval provided by the instrument for a resolution of 4 cm−1 is 1 cm−1. The chemical com-
position and morphology were investigated by scanning electron microscope (SEM/EDS) 
at different KV magnifications, using a JEOL JSM-6390A model.  
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Results and discussion 

FTIR Results. Based on the FTIR spectra, the following were observed. 
Diatomite. The sample surface contains silanol groups that are spanned over the 

structure of the silica.  Zhuravlev [5] reported that the diatomite surface is covered by OH 
groups and oxygen bridges, which act as adsorption sites that may be characterized by tak-
ing into account: i. the chemical activity of the surface (i.e. this activity depends on the 
concentration and the distribution of different types of OH groups and on the existence of 
siloxane bridges), and the porous structure of the diatomite. Moreover, it was proved that 
the silanol groups are more effective than the siloxane groups in forming hydrogen bonds, 
which can only act as proton acceptors. The silanol groups on the diatomite surface are hy-
drophilic in nature. This is due to the electron density, which becomes delocalized from the 
O–H bond to the neighboring Si–O bond. Zhuravlev [5] showed that there are possibilities 
that the silanol groups has the ability to form strong hydrogen bonds with water molecules 
or other molecules.  

The main absorption bands for the sample reached at 3740 cm-1 correlated to the 
free group of silanol (Si–OH) while the bands at 1088 and 1026 cm-1 related to the siloxane 
(Si–O–Si). Furthermore, the peaks at 920, 680 and 610 cm-1 were due to Si–OH stretching 
of silanol group and SiO–H vibration, respectively. The peak of stretching Si–OH bond 
resulted in a band at 3750 cm-1.  
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Fig. 1. The infrared spectra of the studied 

Jordanian Diatomite sample 
Fig. 2. The infrared spectra of the studied 

Jordanian Zeolite sample 
 

Zeolite. Zeolites are three-dimensional framework alumosilicates with cavities and 
channels hosting various cations, molecules and water molecules. Using FTIR spectrosco-
py Korkuna [6] observed bands at 3620 cm-1 assigned to acidic hydroxyls Si–O (H)–Al, a 
band at 3400 cm-1 due to the vibration of the bonds O–H----O, a band at 1620 cm-1 linked 
to deformation vibration of absorbed water and a band at 1020 cm-1 due to the asymmetric 
valence vibrations in tetrahedra SiO4.  

Investigated sample showed that the peaks in region of 3460–3620 cm-1 can be 
caused by the O–H vibrations in various environments. Therefore, the band at 3720 cm-1 is 
brought about by the terminal silanol–OH, the band at 3540 cm-1 by the Si–OH–Si(Al) 
bridge, and the bands at 3565 and 3475 cm-1 by the hydrogen bonded as Si(Al)–OH. Dif-
ferent water absorption broad bands appeared at 3400 and 3200 cm-1 indicating the differ-
ent types of bonding and locations for the water molecules. Hence, the high frequency 
band at 3450 cm-1 could be attributed to some parts of water within the sample. It has been 
reported also that the bending vibration of H2O is found at 1650 cm-1, which shifted to 
higher frequency as compared to molecular water [7]. 

Bentonite. To investigate the structural properties of bentonite, FTIR analyses were 
carried out in the range of 400–3900 cm−1. The infrared spectra shown in Fig. 3 indicated 
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the existence of absorption bands corresponding to Si–O, Al–O and Ca–O vibrations 
(3600, 1600, 1383, 1052, 890, and 525 cm−1). It was found [8], that these bands corres-
ponds to Al– OH -Al, bending vibrations as observed at 918 cm−1. The (Si–O) bands are 
strongly evident in the silicate structure and can be readily recognized in the infrared spec-
trum by the very strong absorption bands in the 1100–1000 cm−1 regions, while the bands 
at 525 and 468 cm−1 are due to Al–O–Si and Si–O–Si bending vibrations, respectively. The 
band at 620 cm−1 is due to coupled Al–O and Si–O out-of-plane vibrations. The IR band at 
3437 cm−1 correspond to OH frequencies (silanol group (Si–O–H) while the IR band at 
1638 cm−1 represents H–O–H bending vibration of water [8, 9]. 
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Fig. 3. the infrared spectra of the studied 

Jordanian Bentonite sample 
Fig. 4. The infrared spectra of the studied 

Jordanian Kaolin sample 
 
Kaolin.  Kaolinite is a common clay mineral with general formula: Al2(OH)4Si2O5. 

It is composed of a two-layer arrangement, where the geometries around aluminum and 
silicon central atoms are octahedral and tetrahedral, respectively [10, 11].  From FTIR re-
sults, four different vibrational regions can be used to describe the properties of kaolinite 
sample. These are: the O–H stretching (3800-3600 cm−1), the Si-O between (1120- 
1000 cm−1), the O-H bending (930-900 cm−1) and the SiO2 bending (430-520 cm−1) re-
gions. A shoulder at 1160 cm-1 indicates on the presence of quartz [12]. 

SEM Results 
The electron diffraction spectra (EDS) confirms the presence of the following ions 

on the clay: 
1) Zeolite – silicon, aluminum, magnesium, calcium, iron, and titanium; 
2) Bentonite – silicon, aluminum, calcium, iron, and potassium; 
3) White kaolinite – silicon, aluminum, iron, titanium and potassium; and 
4) Red kaolinite – silicon, aluminum, iron and potassium. 
These results are consistent with the chemical composition data in Table 1. Based 

on the x-ray spectra of the four clays from Fig. 5, bentonite has the highest silicon signal 
followed by red kaolinite, zeolite and white kaolinite; red kaolinite has the highest alumi-
nium signal followed by white kaolinite, bentonite and zeolite; zeolite has the highest iron 
signal followed by bentonite, red kaolinite and white kaolinite; and red kaolinite has the 
highest potassium signal followed by bentonite, white kaoinite and zeolite. 

Figures 5b and 5d are consistent with the electron diffraction results for kaolinites 
by Rajkumar [13]. The x-ray spectra showed the presence of dominant elements such as 
aluminum, titanium, iron, magnesium, potassium and silicon. 

Figure 5c is consistent with the x-ray spectra results of Naswir [14]. It was found 
out, that the biggest constituent composition of bentonites are SiO2 with a percentage com-
positon range from 44.11 to 64.16%, and Al2O3 with a percentage composition range from 
18.75 to 39.26% as shown in Table 2.  
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Figures 6 to 9 illustrate the morphology of Jordanian clays. Based on the SEM mi-
crographs of the four Jordanian clays, zeolite showed typical irregular shapes which are 
randomly arranged tubular and cubic particles; white kaolinite revealed irregular platelets 
which have ragged edges and form sub-rounded flakes with less of the tubular particles and 
more of the cubic particles and with rough and angular edges; bentonite showed randomly 
arranged particles with more of the tubular ones in the form of elongated flakes; and red 
kaolinite showed almost the same morphology as the white kaolinite. 

                 
(a) Zeolite                                                     (b)White Kaolinite 

          
(b) Bentonite                            (c) Red Kaolinite 

Fig. 5. SEM-EDS of: a) Zeolite, b) White Kaolinite, c) Bentonite and 
d) Red Kaolinite 

  
Table 2. The Composition of the Building Blocks of Bentonite [6]  

Compound Sample of Bentonite 
B.BT B.P B.T.R B.P.P B.P.R 

SiO2 44.11 50.92 46.32 64.16 52.63 
Al2O3 33.61 31.09 39.26 20.22 18.75 
TiO2 0.66 0.70 0.08 0.20 0.17 
CaO 0.01 - 0.08 0.10 0.01 
MgO 0.19 0.31 0.06 1.30 1.45 
K2O 0.04 0.75 0.11 0.18 0.13 
Na2O - 0.06 0.11 0.03 0.11 
FeO 2.22 4.35 1.88 3.53 3.13 
CuO 3.85 1.49 3.03 2.07 2.82 

C 14.24 8.11 8.31 7.26 19.26 
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Fig. 6. Zeolite at 50k and 80k magnification 

 
Fig. 7. White kaolinite at 30k and 40k magnification 

 
Fig. 8. Bentonite at 20k and 50k magnification 

 
Fig. 9. Red Kaolinite at 80k and 100k magnification 

Conclusion 

FTIR Results.  The FTIR results confirm the sites where silanol- and hydroxyl-
groups can be found as reported in the literature while SEMD results verify the existence 
of different ions as reported in the analysis. SEM results also show the morphological 
structure of the four clays. The results indicate a good correlation on the clay properties 
found in the literature.  

Other recommendations.  To have a better understanding of the behavior of the 
Jordanian natural Montmorillonites, the samples will be subjected to other characterization 
techniques such as XRD, swelling index and catalysis adsorption. The Jordanian clays will 
also be compared with the local Saudi clays to see the possibility of utilizing the local 
Saudi clays as alternative clays where the Jordanian clays are being used. However, 
because of the limited SEM studies made on natural Jordanian clays, additional 
characterization techniques such as XRD can be conducted. 
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