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Applications of Nanoclays for Environmental Remediation in
Water: Environmental Factors, Kinetics, and Thermodynamics
Study

Ahlam Abdraboh Mohsen AL-Beladi

ABSTRACT

The target of this thesis is remediation of polluted water from organic
pollutants; such as Orange G dye, using two different methods, adsorption using
nanoclays, and photocatalytic degradation using ZnO nanoparticles/nanoclay
nanocomposite. They have been predicted and experimentally proven to possess
exceptional high chemical and thermal stability and a large specific surface area,
and thus have attracted great attention in many applications.

Different nanoclays were used to study the adsorptive removal of Orange G
dye (OG dye) from the model and real water samples, and the results showed that
Montmorillonite nanoclay surface modified with octadecylamine (ODA nanoclay)
had the highest adsorptive removal efficiency. ODA nanoclay was characterized
using different techniques and the results showed that ODA nanoclay has plate-like
layered transparent structure, and the calculated BET specific surface area was
found to be 16.38 m’g . Adsorption study showed that ODA nanoclay could
remove most of the OG dye within few minutes, with adsorption capacity of 39.4
mg/g at ambient conditions. The results showed also that the interaction of the OG
dye with the ODA nanoclay was electrostatic in nature and greatly depends on the
pH of the solution. The adsorptive removal of OG dye on ODA nanoclay was
explored kinetically and thermodynamically, and the results revealed the suitability
of the pseudo-second-order kinetic model for describing the adsorption process
compared with other kinetic models. Also, the adsorption process was spontaneous,
endothermic in nature, and positive entropy change indicated the increase in the
degree of freedom at the solid—liquid interface. The applicability of the ODA



nanoclay for the adsorption of OG dye was explored using six different
environmental water samples collected from different origin, and the results

revealed the high efficiency of the proposed nanoclay.

The photocatalytic degradation of the OG dye was investigated using zinc
oxide nanoparticles (ZnO NPs) and its nanocomposite with nanoclay. XRD, EDX
showed the presence of hexagonal wuartzite ZnO NPs, which according to the
TEM images were agglomerated, rod in shape with different lengths and an average
diameter of 25 nm. The ZnO NPs were mixed with different nanoclays, and used
for the photocatalytic degradation of the OG dye in solution, and the results
revealed that ZnO NPs/halloysite nanoclay (ZnO/HS) nanocomposite had the
highest removal efficiency. The effect of environmental conditions such as ZnO
NPs to halloysite nanoclay mass ratio, ZnO/HS nanocomposite mass, contact time,
solution pH and temperature were investigated. The results showed that the mass
ratio of 3:47 had the optimum photodegradation efficiency, with a mass more than
100 mg, at any pH value lower than 12, within 2 hrs, and the photodegradation
enhanced by increasing the solution temperature. The Kinetics of the
photodegradation of the OG dye under UV irradiation and direct sunlight was
investigated was found to follow the first order rate kinetic model, and the
irradiation of the OG dye under direct sunlight showed a higher rate constant
compared to UV irradiation, which indicated the suitability of the ZnO/HS
nanocomposite as a photocatalyst for the photocatalytic degradation of OG dye
under direct sunlight. The thermodynamics study showed that the negative value of
AG, and positive values of AH, and AS suggested that the photocatalytic
degradation of OG dye by ZnO/HS nanocomposite photocatalyst from aqueous
solution is an entropy-driven process. Finally, ZnO/HS nanocomposite
photocatalyst was used for the photocatalytic degradation of OG dye was explored
using different environmental water samples and the results showed the high
efficiency of the ZnO/HS nanocomposite for the removal of OG dye, for all

samples.



