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Abstract 

Bentonites from Ashaka and Tango of Gombe State, Nigeria were surface modified with two different 

surfactants viz; Benzyl dimethyl dodecyl and dimethyl dioctadecyl ammonium chlorides by cation 

exchange method. The surfaces of the modified products were characterized by means of Fourier-

transformed infrared spectroscopy (FTIR), X-ray diffraction (XRD) and scanning electron microscopy 

(SEM). The FTIR spectra of the modified bentonites showed the C-H asymmetric (υasCH2), symmetric 

(υsCH2) stretching and bending (δ) vibrations (2926, 2920, 2918; 2851 and 1469cm
-1

) in methylene 

groups of surfactant alkyl chains respectively. The basal spacing of the unmodified bentonite samples, 

determined by means of X-ray diffraction (XRD) was 15.23 Å and 12.99 Å and after modification with 

benzyl dimethyl dodecyl ammonium it increased to 20.07Å and 19.62Å while with dimethyl dioctadecyl 

ammonium it increased to 21.79Å and 26.75Å. Results of the SEM images revealed rougher surfaces with 

uniformly dispersed small particles of grain-like structures characteristic of the organomodified 

bentonites. 
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Introduction 

Bentonite is smectite swelling clay derived from 

weathered volcanic ash which is largely 

composed of the clay mineral montmorillonite 

[1-3] The peculiar characteristics of bentonite 

clays; thixotropic, swelling and 

absorption/adsorption properties, have 

accounted for their demand in various fields of 

technical applications such as in civil 

engineering, food, chemical and pharmaceutical 

industries [1,4].  

Bentonite being in the group of smectite consists 

of 2:1 layers, i.e. two tetrahedral silica sheets 

sandwiching a central octahedral alumina sheet 

(T-O-T). Due to an  isomorphic substitution 

within the layers (e.g., Al
3+

 for Si
4+

 in the 

tetrahedral sheet and Fe
2+

or Mg
2+

 for Al
3+

 in the 

octahedral sheet) the clay layers have negative 

crystal charge which is balanced by 

exchangeable cations such as Na
+
, K

+
, Ca

2+ 
in 

the interlayer together with water molecules 

bonded by ion-dipole forces. The hydration of 

these inorganic cations causes the bentonite 

surface to be hydrophilic [4-7]. 

Surface modification is necessary for making 

natural bentonite clays suitable in wide spectrum 

of applications, such as adsorption, catalysis 

development of polymer nanocomposites etc [8-

10]. 
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The first approaches to montmorillonite-based 

organoclays are the ammonium based 

surfactants which usually contain long aliphatic 

chains (C12–C18) causing expansion of the 

distance between the layers [9] as applied in this 

study. The introduction of long-chain organic 

surfactants by ion exchange reactions of the 

inorganic cations located in the interlayer of the 

natural bentonite clays under hydrothermal 

conditions can modify substantially the surface 

properties of natural bentonite clays by 

decreasing the surface energy and expanding the 

interlayer spacing. These modified bentonites 

are called organo-bentonites [4]. It has been 

recognized that the ion exchange reaction has 

two consequences; first, the gap between the 

single sheets is widened, enabling organic 

cations chain to move in between them and 

secondly, the surface properties of each single 

sheet are changed from being hydrophilic to 

hydrophobic or organophilic [11,12]. 

 This work was aimed at preparing and 

characterizing organo bentonite clays from 

Ashaka and Tango of Gombe State, Nigeria 

using two quaternary ammonium surfactants;  

benzyl dimethyl dodecyl ammonium chloride 

and dimethyl dioctadecyl ammonium bromide. 

Materials and methods 

The clay samples were obtained from the 

Ashaka and Tango deposits (Gombe State, 

Nigeria)  

The chemical and mineralogical compositions of 

these samples as determined by XRF and XRD, 

showed that Ashaka sample is (Na-B) while 

Tango sample is (Ca-B) which are mainly 

montmorillonite with opal, quartz, calcite and 

feldspars. The cationic exchange capacities of 

the clays as determined by ammonium acetate 

method are as 0.72Meq/g and 0.63Meq/g 

respectively. The surfactants; benzyl dimethyl 

dodecyl ammonium chloride (BDMDAC) and 

dimethyl dioctadecyl ammonium bromide 

(DMDOAB) were used as purchased from 

SIGMA ADRICH (purity of 98%)                         
 

Synthesis of organo modified bentonite clays. 

The sample [5g] was dispersed in 100mL of 

deionized water and subsequently heated to 

around 80 °C under continuous stirring. When 

the clay was completely dispersed, (1.22g, 1.07g 

and 2.27g, 1.99g) of surfactant equivalent to the 

CEC of the clays was slowly added, and stirring 

was maintained for 4h at 80
o
C. 

The resultant product was recovered by vacuum 

filtration and washed several times with 

deionized water until no halide anions were 

detected using the silver nitrate test. The product 

was then dried at 80 °C overnight and finally 

ground manually in an agate mortar and sieved 

into a plastic container [4, 7, 8, 12]. 
 

 

Characterization of unmodified and modified 

bentonites 

FTIR technique was used to investigate the 

intercalation between the clays and surfactants 

used. The morphology and basal spacing of the 

unmodified and modified bentonites were 

investigated by XRD and SEM analyses, 

respectively. 
 

Fourier transform infrared spectroscopy 

analysis (FTIR) 

 FTIR analysis was carried out using FTIR Cary 

630 Agilent Technology USA equipment. All 

FT-IR spectra were recorded and analyzed in the 

range of 4000–400 cm
−1

 at a resolution of 4 cm
−1

 

to know the nature of the functional group 

attachment. 
 

X-ray diffraction analysis (XRD) 

  The Bragg angular zone was explored by X-ray 

diffraction (XRD) in GBC EMMA (Enhanced 

mini material) Analyzer, that generates a voltage 

of 40 kV and current 40 mA from 

monochromatic Cu Kα radiation source (λ = 

1.54 Å). The diffraction angle 2θ was scanned 

from 2º to 65º at scanning rate of 2º/min and 

step size of 0.05 º. In order to calculate the 

distance between the silicate layers, Bragg’s law 

was used. 
 

Scanning electron microscopy (SEM): Scanning 

electron microscope (SEM) (Phenom Proxy, PW 

100-002, magnification-255x, Accelerating 

Voltage- 10KV) was used to evaluate the surface 

morphology of the bentonite samples. 
 

Results and Discussion 
Fourier transform infrared spectroscopy 

analysis (FTIR): 
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Table 1 presents the bands obtained from the 

spectra of the samples. Bands at 3693cm
-1

 and 

3693cm
-1

; 3622cm
-1

 of the unmodified bentonite 

samples (GA and GT respectively) in this study 

are assigned to OH stretching vibrations in the 

Si-OH and Al-OH groups of the tetrahedral and 

octahedral sheets of the clay samples. A slight 

shift at band 3693cm
-1

 to 3695cm
-1 

was observed 

in GT and GA of BDMDA and DMDODA 

modified bentonites.  Vibrations due to C-H 

asymmetric and symmetric stretching of CH2 

groups for the GA and GT modified with 

BDMDA are 2926cm
-1

and 2851cm
-

1
respectively. For the DMDODA modified GA 

and GT the asymmetric stretching were at 

2918cm
-1

and 2920cm
-1

 and both have their 

symmetric stretching at 2851 cm
-1

. DMDODA 

modified samples show a band at 1469cm
-1

 

which has been assigned to the CH3 asymmetric 

bending vibrations.  
 

Table 1: Infrared band positions and  

assignments of the studied bentonite sample 
 

 
υ – Stretching vibration; δ – bending vibration 
 

The intensity of the bands associated with 

adsorbed water in the unmodified samples was 

reduced and as well shifted from 1639cm
-1

 to 

higher frequency of 1655 cm
-1

 and 1649 cm
-1

 for  
 

Table 2: Diffraction angles (degree 2Ɵ) and the 

basal spacing (d-Å) of unmodified and modified 

samples 

 

GA and GT- DMDODA modified respectively, 

while it remains unchanged (1639 cm
-1

) in the 

BDMDA modified samples. This could probably 

be due to the long carbon chains attached to the 

central atom which increases the surface area 

that leads to better intercalation of the surfactant 

between the layers of the clay. It is also worth to 

mention the suggestion of Hongping et al. [9], 

that H2O is less strongly hydrogen bonded at 

low-H2O content and that the H2O molecules 

clustered around exchangeable cations are 

polarized by close neighbourhood of the 

exchangeable cation. The intercalation of 

surfactant cations especially those with long 

alkyl chain length increases such polarization. 

Slight shifts were also observed after 

modification in the bands associated with the 

stretching mode of Si–O (out-of-plane from 

1115cm
-1

GA to 1113cm
-1

BDMDA-GA and 

1104cm
-1

DMDOA-GA then 1113cm
-1

GT to 

1104cm
-1

DMDOA-GT BDMDA-GT is still 

1113cm
-1

). The Si-O (in-plane) band has shifted 

from 996 cm
-1 

GA to 1000 cm
-1 

for the BDMDA 

and DMDOD-GA respectively, then for the GT 

the shift was from 1004 cm
-1

 to 1000 cm
-1

 and 

998 cm
-1 for the BDMDA and DMDOA-GT 

respectively). 

The Al-Al-OH bending vibration of the GA and 

GT samples shifted from 912 cm
-1 

to 914 cm
-1

for 

the DMDOA modified samples only, there was 

no change in the case of BDMDA-GA, GT 

samples. 

 

 X-ray diffraction analysis (XRD):  

The XRD diffraction patterns of the unmodified 

bentonites (GA and GT) and modified 
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bentonites (BDMDA-GA, GT and DMDODA-

GA, GT) are shown below. The basal spacing 

values of the unmodified and modified 

bentonites are shown in Table 2. 

From the diffraction patterns, the basal spacing 

of the unmodified GA and GT samples increased 

from 15.23Å (for GA) and 12.99Å (for GT) to 

20.07Å and 19.62Å; 21.79Å and 26.75Å after 

the organic modification with BDMDA and 

DMDODA respectively. This increase resulted 

in the shift of the diffraction peak toward lower 

angles (from 5.8º and 6.8º to 4.40º and 4.50º; 

4.05º and 3.30º) respectively. This implies that 

the interlayer distances were increased due to the 

intercalation of the surfactants between the 

silicate layers [10]. 

 

 

      
 

      
 

Fig 1: XRD patterns of unmodified bentonites (GA, GT) 

and modified organo-bentonites 
 

The basal spacing values obtained in this study 

for the two surfactant modified samples were 

within the range of values obtained from 

previous studies elsewhere. Basal spacing of 

26.11Å; 12.60Å; 37.10 Å; 36.00Å; 26.74Å; 

38.40Å were reported for DMDODA modified 

montmorillonite [5,14-18] and for BDMDA –

MMT, 23.9Å; 23.90 Å; 20.05 Å; 23.72Å; 17.9Å 

were reported [7,17,19-21]. It has been reported 

that the basal spacing of organoclays depends on 

the CEC of the clay mineral, the amount of 

organic cations, the chemical structure (alkyl 

chain length) of the surfactant, the arrangement 

and packing density of the organic cations 

within the clay interlayer [5,9,16,22-24]. The 

effect of the CEC and the alkyl chain has been 

seen from the results especially for the 

DMDODA modified samples. It is believed that 

the alkyl chains pack in a layered structure 

depending on the packing density and the chain 

length (monolayer 13-15Å, bilayer17-18 Å, 

pseudotrimolecular layer 19-21.7 Å and 

paraffin-type structure ˃ 22). The alkyl chain 

may lie flat on and parallel to the silicate surface 

as a monolayer or bilayer. In the 

pseudotrimolecular layers, some chain ends are 

shifted above one another, so that the spacing is 

determined by the thickness of three alkyl 

chains. For the paraffin-type the chains radiate 

away from the silicate surface, assuming a tilted 

up-right position [5,9,16,22,23,25]. The basal 

spacing obtained for the GA-DMDODA and 

GT- DMDODA modified samples indicated the 

pseudotrimolecular (21.79Å) and paraffin-type 

(26. 75Å) arrangements respectively, while for 

the GA-BDMDA and GT- BDMDA modified 

samples, the pseudotrimolecular layer 

arrangements (20.07Å and 19.62Å) were formed 

respectively. 

Scanning electron microscopy (SEM): 

The surface morphologies of unmodified and 

modified bentonite samples are as shown in 

Figure 2. In the SEM images of unmodified, 

massive plates with some phase separations are 

observed as a heterogeneous surface 

morphology. It showed a soft surface where 

large lamellas tend to form big agglomerates 

with a layer disposition as shown  in the images 

of GA and GT. After the modification with the 

organic surfactants significant changes were 

seen, whereby the surfaces turned rougher than 

in the unmodified samples with more 

fractionated lamellas and uniformly dispersed 

small particles with the form of flakes or grain-

like structures. The aggregates of the unmodified 

bentonite appeared significantly larger than 

BDMDA-GA BDMDA-GT 

GA 
GT 

DMDODA-GA DMDODA-GT 
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those for the organically modified, i.e to say 

modification reduces the clay particle size and 

aggregation as shown in the images of BDMDA-

GA, GT and DMDOA-GT, GT.  

                                                                                                                                                                      

                             
     GT                            GA              BDMDA-GA                                                                       

                                                                   
BDMDA-GT             DMDODA-GA    DMDODA-GT 
 

Fig. 2: SEM images of unmodified (GA, GT) and 

organically modified bentonites 

Conclusion 

The surfaces of bentonites with different cation 

exchange capacities (CEC) were organically 

modified with surfactants of different 

hydrophobic groups and alkyl chain lengths. The 

results obtained from XRD analyses, FTIR 

spectroscopy and SEM study showed that the 

bentonite surfaces were significantly modified 

through the cation exchange of the surfactants. 

The basal spacing increased with increase in the 

alkyl chain length and the configurations of the 

surfactants. The arrangement of the surfactants 

within the clay structures were found to be  

pseudotrimolecular and paraffin type in nature. 

The appearance of peaks in the IR spectra of the 

modified clay due to the C-H asymmetric, 

symmetric stretching and bending vibrations in 

methylene groups of surfactant alkyl chains 

which were not present in the unmodified 

samples; the formation of rough surfaces with 

uniformly dispersed small particles of grain-like 

structures in the morphology of the 

organomodified samples confirmed the 

modification. These prepared surfaces have the 

potential for adsorption of various toxic 

compounds and other industrial applications. 
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