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Introduction

Environmental pollution caused by oily wastewater is
most dangerous to animals and plants, and it can cause
cancer in humans as well [1]. The adsorption process is
a common method for removing oil from wastewater
[2]. In comparison to other kinds of adsorbents, clay is
an inexpensive and readily available adsorbent. Clay is
composed of two opposing tetrahedral sheets sandwiched
between one octahedral sheet [3]. Acid or alkali treatment
usually improves the properties of clay by altering its
layer structure and surface charge [4]. Alkaline activation
of clay significantly increases the adsorption capacity [5].
The combination of alkaline and acid activation results
in an increase in H* concentration as well as leakage
of structural ions (Al, Fe, Mg, etc.) [6]. Clay minerals,
on the other hand, have a high adsorption capacity and
are easily functionalized with cationic surfactants. They
also change from hydrophilic to hydrophobic surfaces as
a result [7]. CTAB is a cationic surfactant with a long
chain of positively-charged hydrophilic heads and neutral
hydrophobic tails [8]. In this study, vermiculite was
activated with potassium hydroxide and sulfuric acid and
then modified with CTAB. The effects of base and acid
activation on oil adsorption are discussed.

Materials and Methods

In this study, vermiculite’s adsorption capacity was
compared under several conditions: 1) Raw vermiculite
with a grain size of 0.297-0.595mm was used as a
control sample. 2) The second sample was CTAB-
modified raw vermiculite. 3) The CTAB-modified
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alkaline-activated (1.5 M potassium hydroxide)
vermiculite is the third type. 4) The fourth type consists
of vermiculite that has been alkaline activated with 1.5
M potassium hydroxide, activated with sulfuric acid
(0.5 M), and then modified with CTAB.

Adsorption Experiments

To determine their adsorption capacities, 0.2 g of
prepared samples were submerged in n-hexane,
edible oil, dichloromethane and water for 1 hour
at ambient temperature. The adsorbents were then
weighed. Adsorption capacity was calculated using the
following equation:

q (%)= (m,—my)/ m,x100 1)
where, g (g/g) is the adsorption capability, m, (g) is
the weight of adsorbate before adsorption, m, (g) is the
weight of adsorbate after adsorption [9].

Results and Discussion
Characterization Analysis

Table 1 shows the specific surface area, average
pore diameter, and pore volume of raw and prepared
samples measured using nitrogen adsorption/desorption
isotherms. During alkaline activation, vermiculite’s
surface area increases due to an increase in interlayer
space. Acid activation results in amorphous silica [9].
However, CTAB modification of vermiculite has reduced
its specific surface area. This may be due to CTAB
molecules covering the surface. The mean pore diameter
is another parameter evaluated, as shown in Table 1.



Table 1 Textural properties of optimal samples in different

steps of activation and modification.

Sample name Sper Mg | Vb (cm®.g™") PD¢ (nm)
Raw vermicu-
X 2.3669 0.022665 38.304
lite
Base verm. 3.2771 0.038108 46.514
Base-acid
29.605 0.05388 7.2799
verm.
Base-acid
15.765 0.062189 15.779
verm. + CTAB
b: Total pore volume (p/p, =0.99);
¢: Mean pore diameter
After alkaline activation and further CTAB

modification, this parameter has increased. Acid
activation reduced it significantly, which it can be
attributed to pores shrinking.

Adsorption Capacity

To study modified samples' adsorption properties,
n-hexane, dichloromethane, and edible oil were used
as oil contaminants. N-hexane and dichloromethane
were dyed with oil red to facilitate observation. The
adsorption capacity of prepared adsorbents is shown
in Fig. 1. The water adsorption capacity of vermiculite
modified with CTAB decreased seven times as a
result of interlayer expansion. The comparison of
edible oil adsorption capacity of prepared sample
with raw vermiculite reveals that it increased by 32%,
dichloromethane adsorption capacity by 40.9%, and
n-hexane adsorption capacity by 6% [3]. All three
adsorbates exhibited increased adsorption capacity
when alkaline-activated samples were modified with
CTAB, as confirmed by contact angle analysis. In
addition, CTAB-modified alkaline-acidic activated
vermiculite showed 76.6% more adsorption capacity
for edible oils. There was a 46.5% increase in
n-hexane compared to the CTAB-modified sample.
In addition, the modified sample has a 21.9% lower
water adsorption capacity than the sample modified
with CTAB, indicating more hydrophobicity and less
selectivity for water adsorption. CTAB creates positive
cetyl trimethyl ammonium cations (CTAB) and
negative Br anion in the aqueous solution. Adsorption
of CTAB on vermiculite occurs in two steps. First, it
connects to the surface as a monolayer, and then it
forms the bilayer. When adsorbed as a monolayer, the
hydrophobic group (hydrocarbon chain) is toward the
water phase, making the solid surface less hydrophilic.
In contrast, surfactants in bilayer adsorption have
hydrophobic groups opposite those in the first layer,
with their polar groups facing the water phase. In this
way, the surface becomes hydrophilic. The formation
of a double layer is achieved by increasing the
concentration of surfactant below the critical micelle
concentration (CMC). Furthermore, clay's CMC can
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be affected by its chemical composition as well as its
surface charge.
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Fig. 1 Water and oil adsorption capacity values (edible oil,
n-hexane, and dichloromethane) for different vermiculite
samples.

Conclusions

In summary, the effect of acid and base activation
of vermiculite before modification with CTAB was
investigated in terms of oil adsorption capacity and
wettability. The specific surface area of vermiculite
increases with alkaline and acid activation, which
affects its adsorption capacity directly. Additionally,
CTAB modification reduces its selectivity for water
by increasing its hydrophobicity. Ultimately, based
on adsorption capacity measurements, the alkaline-
acidic-activated sample modified by CTAB proved to
be the most effective adsorbent for oil contamination
treatment.
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