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Adsorption of petroleum hydrocarbons on organoclay
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Abstract: In this study, organically modified nanoclay (organoclay) prepared by exchanging of the hexadecy-
ltrimethylammonium bromide (HDTMA) with sodium ions in montmorillonite structure was tested for petro-
leum hydrocarbon adsorption. The effectiveness of the sorbent materials for sorption of a range of products that 
are likely to be involved in oily wastewaters and land-based oil spills was investigated using crude oil, kerosene,  
gasoline and toluene. The process parameters such as sorbent dosage and contact time were reported. Results showed 
that adsorption capacity of the organoclay was clearly higher than of the unmodified clay. The obtained results in a 
batch wise process also showed that depending on the hydrocarbons the adsorption capacity was in the range of 4 to 
10 gram per gram of adsorbent. Also adsorption equilibrium was attained within 1 h.
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Introduction
   Increasing concern about the pollution of environ-
ment by organic chemicals arising from naturally  
occurring ecological events and industrial processes 
has created a need for the search of new techniques in 
the removal of these contaminants [1]. One of the nat-
ural materials that can be used in such processes is clay.  
Clay minerals are the most important inorganic com-
ponents in soil and due to their excellent adsorption  
properties; they are widely used in environmental  
applications [2]. Because of the hydration of inorganic 
cations on the exchange sites, the clay mineral surface is  
hydrophilic in nature which makes natural clays 
ineffective sorbents for adsorbing organic com-
pounds [3]. The hydrophilicity of clays can be 
transformed into hydrophobicity when the ex-

change inorganic cations are replaced by surfactants 
like quaternary ammonium cations in the form of 
[(CH3)3NR]+ or [(CH3)2NRR’]+. This replacement 
results in organophilic clays [4-5]. During the inter-
calation of the surfactants, the interlayer of the clay  
minerals is expanded as shown by the XRD patterns. A 
number of previous studies have demonstrated that the  
d-spacings of the organoclays depend on the length 
of the alkyl chains and the packing density of the 
surfactants within the galleries of clay minerals.  
Accordingly, various models for the surfactant struc-
tural arrangements have been proposed chiefly based 
on XRD results [6]. At present, there are many ap-
plications of organoclays using as sorbents in pol-
lution prevention and environmental remediation 
such as treatment of spills, waste water, hazardous 
waste landfills, etc. Some studies have showed that  
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replacing the inorganic exchange cations of clay 
minerals with organic cations can result in greatly  
enhanced capacity of the materials to remove organic 
contaminants [3].
  In this study, HDTMA+/montmorillonite organoclay 
was prepared and investigated using XRD, FT-IR, 
and subjected to removal of hydrocarbons.

Experimental

Materials
  The clay fraction of bentonite which was com-
posed of about 92% montmorillonite (known as  
nanoclay) was used to prepare organo-modified min-
erals. The montmorillonite sample was prepared by  
subjecting the Na-montmorillonite (Na-MMT) (ob-
tained  from Ferdos Mine, Khorasan, Iran) dispersions 
to repeated sedimentation in manner of previously  
described by Bazgir [7] until the <2-µm clay fractions 
were obtained. After drying, the sample was pulver-
ized to pass through a 200 mesh sieve. The cation 
exchange capacity (CEC) of clay is 102 meq/100g. 
   The surfactant used in this study was hexadecyltri-
methylammonium bromide (HDTMA), C19H42NBr, 
MW: 364.46, with a purity of 99% and was pur-
chased from Merck (Germany). Crude oil, Kero-
sene, gasoline (supplied by Research Institute of 
Petroleum Industry (RIPI), Tehran, Iran) and tolu-
ene (purchased from Merck, Germany) were the  
hydrocarbons used in this study. 

Preparation of Organoclay
   The synthesis of organoclays was performed by the 
following procedure: 6 g of the nanoclay was first  
dispersed in 300 ml of deionized water then left 
under mechanical stirring for 24 h. A predissolved 
amount of HDTMA solution was added to the clay  
suspension at 75°C. Concentra-tions of HDTMA+ 
used were 0.5, 1.0, 1.5 and 2.0 CEC of the Nanoclay, 
respectively. The reaction mixtures were stirred for 
3 hours at this temperature. The organoclay product 

was washed with deionized water repeatedly until free 
of bromide ions as indicated by AgNO3. After drying 
at room temperature, the organoclay was ground and 
sieved through a 200 mesh and then stored in vacuum  
desiccators for about 7 days.

Characterization  
   Basal spacing of the organoclay and raw clays were 
analyzed by X-ray diffraction (XRD). XRD patterns 
were recorded using a Bruker D8-ADVANCE X-ray 
powder diffractometer With Cu Kα radiation (30mA, 
40 kV) from 2° to 10° 2θ, in steps of 0.02°.
Fourier transformed infrared spectroscopy (FT-IR) 
was performed by the KBr method with a Thermo 
Nicolet, Nexus 870 FT-IR spectrophotometer. The 
spectra were collected for each measurement over the 
spectral range of 400-4000 cm-1.

Adsorption Tests
   For hydrocarbon sorption capacity measurements, 
a method based on ASTM F726-99 [8] and ASTM 
F716-82 [9] (Standard Test Method for Sorbent  
Performance of Adsorbents) was used. The focus 
of this method concerns the evaluation of sorbents  
performance for removing non-emulsified oils and 
other floating, immiscible liquids from the surface 
of water bodies and also gives idealized laboratory 
data which can be used to compare the oil adsorbing  
capacity of one adsorbent with another and relative 
cost effectiveness. 
400 ml of the chosen hydrocarbon was poured into 
a beaker. 0.5 g of sorbent was placed in a 200 mesh 
stainless steel basket, which is then lowered into 
the beaker with the hydrocarbon so that the sorbent 
was completely covered by the liquid. After 1h of  
immersion, the basket with the sorbent was re-
moved manually in a vertical direction and allowed 
to drain for 30min ± 3s into a suitable pre-weighed  
container. The saturated sorbent was then immedi-
ately transferred to another suitable pre-weighed dish 
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and weighed. All tests were carried out in triplicate 
with the mean of the three runs used for calcula-
tions. If the value of any run (g/g) deviated by more 
than 15% from the mean of the three runs, then the 
sample was rejected and the test repeated with three 
new specimens. The hydrocarbon pick-up ratio on a 
weight basis was calculated as follows:
Sorption capacity (g oil/g sorbent) = Ss/So or [(Sst-So) 
/ So]
Where:      So is the initial dry weight of sorbent,
                    Sst is the weight of sorbent at end of oil test
                  Ss is (Sst-So) net oil adsorbed.
Also, the effect of contact time on adsorption  
capacity of organoclay was investigated for different 
time intervals from 30 s to 48h on the equal weight 
of adsorbent.

Results and Discussion

X-ray diffraction analysis
  The XRD data were widely used to clarify the  
arrangement of sorbed surfactant in the clay  
interlayer [10]. Figure 1 shows the XRD patterns of  
Na-MMT and the four organoclays prepared at different  
surfactant concentrations. With the cation ex-
change of the sodium ion for the cationic surfactant,  
expansion of the montmorillonite layers occurs. 
This figure clearly shows the increase in the basal  
spacing from 12.56 Å for the untreated Na-MMT 
to 16.55, 21.41, 21.22 and 21.31 Å for 0.5HD-OC,  
1HD-OC, 1.5HD-OC and 2HD-OC samples,  
respectively. The increase in the basal spacing for 
the modified clay is attributed to the intercalation of  
cationic surfactant into the interlayer of Montmoril-
lonite [11].
   The orientation of alkyl ammonium ions between 
silicated layers is variable. The influence of the 
clay’s CEC on basal spacing and surfactant packing  
densities has been widely reported in literature [6, 
10 & 12]. When the amount of modifier is less than  
cation exchange capacity (CEC) of the clay,  

alkylammonium ions form a monolayer (13.7Å), a 
double layer (17.7Å), and when the amount of modi-
fier is higher than CEC of the clay (1.5 to 2 CEC), a  
pseudotrimolecular layer (21.7Å) or a paraf-
finic complex (>22Å). At this range of modifier  
concentration a pseudotrimolecular layer is formed 
with excess surfactant adsorbed on the clay  
surface. Based on this model, at low surfactant  
loadings (0.5CEC), the 16.55A interlayer implied 
that the HDTMA+ chains lay parallel to the bentonite 
planes forming flat monolayers or lateral-monolay-
ers. Also, for all other samples, pseudotrimoleculaire  
layer structure was suggested. 
   It was considerable that surfactant loading above 
CEC of the clay didn’t result in higher interlayer basal 
spacing and in these samples surfactants intercalated 
into the clay interlayers as well as surfactants physi-
cally adsorbed on the external surface of the clays.

Infrared Curves
   Figure 2 shows infrared spectra of Na-MMT and 
1HD-OC sample in the range of 400-4000 cm-1 for 
comparison. According to previous studies [13], peaks 
observed at 1000-1100 cm-1 and 3400-3650 cm-1,  
correspond to Si-O-Si and Si-O-Al stretching  
absorption bands and Si-OH bands, respective-
ly. Hence, infrared spectrum of Na-MMT sam-
ple showed characteristic clay mineral peaks at 
627, 794, 914, 1042, 3421, 3627 cm-1. Infrared 
spectra of clay sample showed no intense peaks  
corresponding to organic matter [4]. Infrared  
spectrum of the organoclay samples showed the  
characteristic peaks of untreated clay sample, albeit  
of low intensity that indicated the organophilic  
nature of the treated clay. It also showed  
intense peaks at 2922, 2850 and 1470 cm-1. 
The 1464, 2827 and 2909 cm-1 peaks were as-
signed to the CH2 scissor vibration band, the  
symmetrical CH3 stretching absorption band and 
the CH stretching band, respectively. These bands  
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confirmed the intercalation of alkylammonium in the 
interlayer galleries of the clay mineral [4, 14]. 

Adsorption Tests
  Figure 3 shows the adsorption results of organic  
compounds on montmorillonite and organoclay. The 
data showed that organoclay adsorbed more crude oil, 
kerosene, gasoline and toluene than untreated clay. It 
shows that the adsorption capacity of the organoclay 

is higher than that of the clay. Also, the organoclay  
adsorbed more gasoline and toluene thanm kero-
sene and crude oil. The data indicated that the  
organoclay adsorbed hydrocarbons more than 5 times 
of its weight. These results exceeded the literature 
values obtained for organo-clays used to remove  
petroleum hydrocarbons [3, 4].

Figure 1 X-ray diffraction patters of Na-MMT and organoclay samples

Figure 2 Infrared spectra of Na-MMT 
and 1HD-OC sample

Figure 3 Adsorption results of hydrocarbons on nano  
and organoclay sample (g/g)
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Figure 4 shows the effect of contact time on the 
amount of kerosene adsorbed on the modified clay. 
The results show that removal of hydrocarbons         
by adsorption process on organoclay reached  
equilibrium in the first period of the process and  
after 10 min removal efficiency about of 4.25 g/g 
was achieved. With increasing contact time (up to 10 
h) no dramatically enhancement was observed and  
finally 6.4 g/g kerosene was removed after 48 h. it is  
obvious that in the field of economical consideration 
this prolonged time is not practical or suitable.

Figure 4 Variation of hydrocarbon adsorption with 
time

Conclusions
  The following conclusions are based on the  
results obtained in the present study. Synthesis of the  
organoclay which has high adsorption capacity 
for hydrocarbons successfully achieved. This new  
adsorbent adsorbed hydrocarbons more than 10 
times of its own weight depend on hydrocarbon 
type. The rapid rate of adsorption process makes this  
organo-hybrid material as a suitable candidate for  
absorption of organic materials from waste waters.
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