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Abstract 

Cu2+-HNT nanocomposite was synthesized via impregnation of CuSO4.5H2O onto halloysite nanotube (HNT). A portion of 
the nanocomposite was calcined at 550 and 900 °C respectively, to obtain CuO-HNT catalysts. The FTIR, XRD and EDX 
results reveals the successful formation of nanocomposites. This is consistent with the decrease in the nanocomposite SBET 
and pore volume for Cu2+-HNT, and CuO-HNT calcined at 550 and 900 °C, respectively, when compared to HNT. Optical 
properties of both the HNT, and nanocomposites show a decrease in the bandgaps of the nanocomposites. The GPC results of 
pristine LENR (P-LENR) and photo-degraded LENR showed that LENR treated with calcined CuO-HNT at 550 °C gives 
lowest LENR molecular weight of 3,105 g/mol compared to 25,732 g/mol of P-LENR with 88 % degradation within 3 hours 
UV-irradiation. Changes in the functional group of degraded LENR was observed. 
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1. Introduction 

The current method in producing energy and fine 
chemicals using fossil fuels has led to global 
warming and climate change [1]. Over the last few 
decades, scientists have focused on renewable 
resources as an alternative method to produce energy 
and fine chemicals [2]. Biomass has now gained the 
attention of many researchers because of its 
availability. The utilization of forestry residues and 
products, are being developed to convert biomass to 
valuable products [3]. In previous studies, several 
attempts have been made to depolymerize biomass 
via liquefaction [4], hydrothermal carbonization [5], 
gasification [6], pyrolysis [7], hydrogenolysis [8] and 
catalytic oxidation [3].  The major limitations of 
these methods are side reactions, excess use of 
solvents, high pressure, and temperature[9,10]. 
Hardly any work has employed photocatalytic 

degradation, even though this method can be 
considered as a sustainable method. Mostly, 
photocatalytic degradation has been used to eliminate 
harmful organic substances discharged into the 
environment [4,11].  

Photocatalytic degradation is more effective when 
metal-based catalyst is used in the reaction [11]. 
Transition metals have been known to possess 
outstanding catalytic activity for degrading organic 
substances because of their high surface area (when 
in nanosize), and electron-holes formation [12,13]. 
The use of various supports for transition metal 
catalyst improve their catalytic efficiency compared 
to unsupported catalyst due to the increase in catalyst 
active phase dispersion [5]. When nanoparticles are 
distributed on large-surface-area supports, their 
interactions with the support can improve catalytic 
efficiency [14]. Numerous supports such as carbon 
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nanotubes, zeolite, dendrimers [15], titanium dioxide, 
alumina and silica have been used for metal 
nanoparticles [16]. It has been reported that 
degradation efficiency increases when transition 
metals  are supported on carbon nanotubes [9]. 
However, carbon nanotubes and zeolite have 
complex preparation methods and can be expensive 
to prepare. Furthermore, the structure of carbon 
nanotubes can disintegrate at higher temperature, and 
this can result in small surface area [17]. In contrast, 
clays such as montmorillonite (lamellar), sepiolite 
(fibrous), kaolinite (lamellar), and halloysite 
nanotubes (HNT) (tubular), occur naturally in a 
variety of shapes and sizes [18]. Clays have been 
used as metal catalyst supports because it is stable at 
high temperature, high surface area, less expensive, 
eco-friendly, resistance against organic solvent and 
availability [14]. HNT is a particularly interesting 
nanomaterial because of its diverse features, 
including hollow tube shape, high specific area, and 
changeable surface chemistry [19].  HNT can be 
utilised as a support for metal nanoparticles. Zhang et 
al., reported the incorporation of metals such as (Co 
and Pd) on HNT to yield nanocomposites which 
showed high catalytic activity in the hydrogenation of 
styrene to ethylbenzene within 30 minutes [20]. 
Moreover, incorporating metal oxides with clay to 
yield a clay-semiconductor nanocomposite has 
excellent catalytic efficiency compared to the 
unsupported catalyst [21]. Carrillo & Carriazo [22] 
conducted research on the preparation of CuO and 
CoO supported HNT and determined its catalytic 
activity. The results indicates that the catalysts have 
high catalytic performance for the degradation of 
several environmental pollutants like toluene and 
benzyl alcohol, respectively [23]. Cu-based catalysts 
are p-type semiconductors with an excellent UV- 
absorption ability [19].  

Epoxidized natural rubber (ENR) is a derivative of 
natural rubber (NR). It is formed via the introduction 
of epoxy linkage on NR. ENR comprises of shorter 
polymeric chains compared to the conventional NR, 
with part of the C=C being changed into the epoxy 
group [24]. Liquid epoxidized natural rubber (LENR) 
is the derivative of ENR which is obtained from the 
degradation of ENR, typically, through mechanical 
grinding, chemical degradation in the presence of 
potassium peroxydisulfate, and photooxidation 
initiated by ultraviolet irradiation [25]. UV 
degradation method resulted in a higher LENR yield 
within shorter reaction time when compared with 
mechanical grinding and chemical degradation 
methods. The amount of ENR molecular weight 
degradation recorded within 4 hours reaction time 

using UV-photodegradation method was found to be 
more than the one obtained using both mechanical 
grinding (after 8 hours) and chemical degradation 
methods (after 15 hours) [25]. The preparation of 
LENR via UV irradiation is less costly and can 
produce chemical intermediates such as hydro furan 
in addition to ketones, aldehydes, carboxylic acid, 
ester and lactone which are used in industry [25]. In a 
separate study, Rooshenass et al. [26], reported the 
preparation of LENR by oxidative degradations using 
periodic acid, potassium permanganate and UV-
irradiation. They were able to study ENR oxidative 
degradation by using both periodic acid, potassium 
permanganate and UV irradiation. All three methods 
show certain degree of degradation, but periodic acid 
was found to have the lowest Mn and fastest 
degradation rate.  

To date, very few works has used a catalyst in the 
presence of UV irradiation to degrade natural 
polymers. No work has reported on the use of metal-
based catalysts in the presence of UV light to degrade 
LENR. It has been reported that catalysts such as 
zirconia and titania-based metal oxides can be used 
for the catalytic pyrolysis of pine wood. They were 
found to demonstrate high bio-oil yield [27]. Ibrahim 
et al. [28], studied the functionalization of liquid 
natural rubber (LNR) via oxidative degradation of 
NR with the aid of hydrogen peroxide and sodium 
nitrite as reagents leading to the formation of LNR by 
chemical degradation technique. On the other hand, 
Bahruddin et al. [29], studied the molecular weight of 
LNR product from the chemical depolymerization 
process of high molecular weight NR latex. The 
depolymerization was carried out in the presence of 
NaNO2, H2O2 as degrading agents and CoCl2 as 
catalyst at 80 °C temperature. The result showed a 
decrease in molecular weight from 1,384,638 g/mol 
to 108,335 g/mol. Ibrahim et al. [30], conducted 
research on the preparation and characterization of 
low-molecular-weight NR latex via photodegradation 
catalyzed by nano TiO2. The use of TiO2 as a catalyst 
enhanced the photodegradation efficiency of NR 
leading to drastic decrease of the molecular weight 
from 549.3×103 g/mol to 7.3×103 g/mol. 

Research on the depolymerization of biopolymers 
using metal-based nanoparticles as active phase on 
HNT is limited in literature. Although the synthesis 
on CuO on HNT has been studied before, the 
synthesis procedures differed based on the different 
potential applications [31]. As an example, Cavallaro 
and coworkers [19].  prepared CuO-HNT by 
modifying the HNT so that it exhibits both 
hydrophilic and hydrophobic properties. This enabled 
its use for antibacterial purposes. To date, no research 
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has been conducted on the degradation of LENR 
using Cu-based photocatalyst supported HNT via UV 
exposure technique. The Cu-based catalyst was 
chosen in this study due to its readily availability and 
low cost. Therefore, this work, aims to prepare and 
characterize several Cu+-HNT and CuO-HNT 
photocatalysts for the degradation of LENR with the 
aid of the UV exposure method. As per literature 
survey, this is the first report on a greener method for 
the degradation of LENR.  

 
2. Experimental 

2.1 Materials 

LENR with 50% of epoxidation was obtained as a 
gift from the Malaysian Rubber Board, Halloysite 
nanotube (HNT) was purchased from Sigma Aldrich, 
USA, and was used as received. Copper sulfate 
(CuSO4.5H2O) with a purity of 99% was purchased 
from Fluka, Switzerland, All the reagents used are of 
analytical grade.  

 
2.2 Catalyst Preparation 

The Cu2+-HNT catalyst was prepared similarly to 
the procedure reported by [32], however with some 
modifications. In a typical synthesis, 0.5 M of 
CuSO4.5H2O was prepared by dissolving 1.2484 g of 
CuSO4.5H2O in 10 ml distilled water. As much as 
7.18 mL of 0.5 M CuSO4.5H2O solution was added to 
5 g of HNT for the preparation of 4.6 wt % of Cu in 
HNT. The solution was stirred for 24 h to form Cu2+-
HNT. Thereafter, the resulting catalyst was filtered 
and oven-dried at 60 °C for 6 hours. Cu2+-HNT were 
then stored in a desiccator for further 
characterizations. 

A portion of the resulting catalyst was placed in a 
furnace and calcined at different temperatures of 550 
and 900 °C for 3 h respectively [33]. After cooling, 
the calcined and un-calcined catalyst were taken for 
analysis. 
 
2.3 Characterization Techniques 

The crystallinity of the samples was acquired 
using a Philips X'pert Pro X-ray diffractometer (PW 
3040 model) (Frimly UK). A Cu-Kα radiation source 
(λ = 1.54 Å) at 40 kV and 40 mA current with a 
continuous sweep in the 2θ range of 10 to 90°, scan at 
a rate of 0.02° s−1 was used. The surface 
morphologies and elemental dispersions of the HNT, 
as-synthesized Cu2+-HNT, and CuO-HNT calcined at 
550 and 900 °C nanoparticles were acquired using a 
FEI Quanta FEG 650 scanning electron microscope 
(SEM) (Holland) equipped with energy-dispersive X-
ray spectroscopy (EDX). The samples were sputter-
coated with platinum before the analysis.  The 
surface area and porosity of HNT, as-synthesized 

Cu2+-HNT, and calcined CuO-HNT at 550 and 900 
°C catalysts, were obtained via N2 adsorption-
desorption using Brunauer-Emmett-Teller (BET) and 
Barrett-Joyner-Halenda (BJH) techniques (Quanta 
chrome, Boynton Beach, FL, USA). The samples 
specific surface areas were acquired from the BET 
method whereas the pore size and volumes were 
measured from the curves of the desorption isotherm 
via the BJH method. Perkin Elmer Lambda LS 35 
UV/Vis spectrometer (Singapore) was used to 
determine the UV-Vis diffusion reflectance and 
absorbance spectra of the HNT, and as-synthesized 
catalysts in the region of 200-800 nm. While the 
fluorescence of the HNT and as-synthesized catalysts 
were acquired using Fluorescence spectrometer 
Perkin Elmer LS55 (Singapore). Samples were 
analyzed using Attenuated total reflectance-Fourier-
transform infrared (ATR-FTIR Microscope Spotlight 
200 ATR (Direct-Q 8 UV-R) Billerica, (USA) 
spectroscopy. The spectra of HNT, as-synthesized 
calcined, un-calcined catalyst, P-LENR, 
photodegraded LENR with and without catalyst were 
acquired within the frequency range of 4000-600 cm-1 
at room temperature. The thermal stability of P-
LENR and degraded LENR was determine using 
TGA technique. The P-LENR and degraded LENR 
was thermally decomposed from 30 to 900°C in a 
nitrogen atmosphere using a TGA/SDTA 851 Mettler 
Toledo (USA) instrument at a heating rate of 20 °C 
min-1.  For atomic adsorption spectroscopy (AAS) 
analysis, the nanocomposites were digested using a 
modified procedure  [34]. As much as, 0.1 g of the 
dried nanocomposite sample was digested with 6 cm3 
of concentrated HNO3 and 2 cm3 of concentrated HCl 
in crucible vessels. After digestion, the sample was 
transferred into the 100 cm3 volumetric flask, filled to 
the mark with ultra-pure water and the solution was 
filtered and kept in polyethylene (PE) sample bottles 
for AAS analysis. The sample was later analyzed 
using AAS technique to determine Cu content. An 
Analyst 400, Perkin Elmer was used to determine the 
Cu content of the composite samples.  The weight 
average molecular weight, Mw and number average 
molecular weight, Mn for P-LENR and degraded 
LENR were measured with a GPC (TOSOH HLC-
8320GPC) that consists of RI detector, and two 
columns (TSK gel Super Multipore HZ-M). The 
measurement was performed at 30 oC at a flowrate of 
1 mL/min. The molecular weight was read against 
polystyrene calibration curve. 
 
2.4 Catalytic studies 
2.4.1 Photocatalytic experiments 

As much as 0.05g of calcined and un-calcined Cu2+-
HNT catalysts were mixed separately with 1 g LENR 
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and dissolved in 20 ml of toluene. The solution was 
stirred at room temperature and a 500-watt UV Zenon 
lamp was placed 15 cm above the solution for 3 hours 
with continuous stirring. The resulting mixture was 
centrifuged at 3500 rpm for 10 minutes to separate 
the catalyst from degraded LENR. For the latter, the 
solution was dried at 60 °C in an oven for 3 hours 
[35]. The samples were subjected for further analysis. 

 
3. Results and Discussion 

3.1. XRD analysis 

Figure 1 depicts the XRD pattern of HNT, Cu2+-
HNT, CuO-HNT (calcined at 550 and 900 °C), in the 
2θ range of 0-90°. In the XRD diffractogram shown 
in Fig. 1(a), the HNT exhibit reflections at 2θ values 
of 12.21° (001), 20.15°(100), 24.84°(002), 
26.58°(003), 34.78°(110), 38.28°(200), 54.73°(210), 
62.50°(300), 73.77°(220), 77.27°(310). These 
corresponds with the standard JCPDS Card number 
09-0453 for HNT  [36]. It has been established from 
literature that the peak at 26.58° is attributed to quartz 
(SiO2) present in the HNT whereas the peak at 62.50° 
indicates the HNT with dioctahedral arrangement 
[32].  
 

The XRD patterns of Cu2+-HNT is shown in 
Figure 1(b) and compared to pristine HNT. Spectral 
peaks of the Cu2+-HNT nanocomposite were found to 
have a similar pattern with pristine HNT. However, 
peaks at 2θ values of 12.33° (001), 20.15° (100) 
38.28° (200) and 62.50° (113) were shifted to 12.58° 
(001), 20.23° (100)  39.72° (130), 62.70° (113)  
respectively. This implies the successful compositing 
of HNT with Cu2+ salt. A new peak (denoted by *)  at 
2θ value of 33.77° (002) exist as a result of the 
presence of CuSO4 and this agrees with findings of 
[32].  

 
The XRD diffractogram of the calcined catalyst 

(CuO-HNT at 550 °C and 900 °C) as seen in Figure 
1(c) and 1(d), shows similar peaks as the HNT as 
well as new diffraction peaks. The intensity of the 
peaks of HNT differs from pristine HNT. This is 
attributed to the calcination treatments as reported 
previously [37]. Most peaks decreased in intensity, 
however, the peak at 26.58° became broad and 
increased in intensity. The decrease in peak intensity 
can be because the HNT undergoes a certain degree 
of amorphization.  Subsequently, the available XRD 
diffraction peaks indicate the formation of both CuO 

and Cu2O in the composite. The main peaks for CuO 
(denoted as @) are positioned at 35.5°, 38.6° and 
53.8°. These peaks are attributed to the (002), (200) 
and (020) planes respectively. In contrast, the main 
peaks for Cu2O arise at 36.8° and 42.6° (denoted as 
#). These peaks correlate with the (111) and (200) 
planes of Cu2O. The peak assignments correspond 
with the peaks reported elsewhere [38]. However, the 
peaks for both CuO and Cu2O are slightly shifted 
from their original values due to the presence of 
HNT. 

 
The Debye–Scherrer formula (Equation (1)) was 

used to measure the average size of CuO and Cu2O 
particles in the CuO-HNT composites calcined at 550 
and 900 °C. In contrast, the Bragg's Law (Equation 
(2)) was employed to determine the d-spacing of 
HNT in the pristine HNT as well as the composites. 

D=Kλ/BCosϴ……………………….…. (1) 
d=λ/2sinƟ……………………………… (2) 
where, D = particle size, K = Scherrer constant, λ 

= X-ray wavelength, β = full width at half-maximum 
(FWHM) and θ = Bragg angle [39]. 

 
The average particles size of CuO and Cu2O 

formed in the nanocomposites calcined at 550 and 
900 °C was calculated using the major diffraction 
peaks, namely (002), (200) and (020) for CuO and 
(111) and (200) planes of Cu2O. The samples had 
CuO and Cu2O average crystallite sizes of 39.87 and 
37.45 nm, as well as 37.28 and 32.75 nm for calcined 
nanocomposites at 550 and 900 °C respectively. The 
average basal d-spacing of the samples were 
calculated from the (001) diffraction plane at 2θ of 
approximately 12.21°. For HNT, a basal d-spacing 
value of 0.720 nm was obtained. But the d-spacing of 
uncalcined Cu2+-HNT and calcined nanocomposites 
at 550 and 900°C CuO-HNT nanocomposites was 
found to slightly decrease to 0.694 nm (2θ = 12.38), 
0.684 nm (2θ = 12.73), and 0.700 nm (2θ = 12.89) 
respectively. This indicates that the Cu based 
particles are physically incorporated on to the HNT 
surface and is not intercalated into the interlayer 
spacing of HNT. 
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Fig. 1: XRD Spectra of (a) HNT (b) Cu2+-HNT (c) Calcined CuO-
HNT at 550 °C (d) Calcined CuO-HNT at 900 °C  

 

3.2 FT-IR spectra of HNT and nanocomposites 

Figure 2 shows the FTIR spectra of HNT, Cu2+-
HNT, and calcined CuO-HNT catalysts at 550 and 
900 °C, respectively. As can be seen in Figure 2(a) 
The peaks at 3695 and 3618 cm−1 are assigned to O-
H stretching vibration which is attributed to inner-
surface and inter-layer hydroxyl groups of HNT 
respectively [40]. While the peak at 1649 cm−1 is 
related to the O-H vibration of adsorbed water on the 
HNT surface [41]. The peak at 1021 cm−1 is due to 
the stretching vibrations of Si-O-Si [42]. In addition, 
the peak at 910 is attributed to vibration deformation 
of the inner hydroxyl group (O-H). The peak at 756 
and 680 cm-1 are assigned to the stretching vibrations 
of Si-O [14]. Figure 2(b) has a similar spectra peak 
compared to that of HNT except some peaks shifted 
to lower wavenumbers as in (1021-998 cm-1, 910-902 
cm-1). The peak shift indicates a slight surface change 
in the HNT structure after metal salt impregnation 
which was reported in the literature by [43]. The 
peaks at 3410 and 1322 cm-1 are attributed to the 
hydroxyl group vibration and bending due to 

adsorbed water on the catalyst surface [44]. The peak 
at 1406 cm-1 is ascribed to the absorbed CO2 from the 
air [45].  

Figure 2(c) and 2(d) show the FTIR spectra of 
calcined CuO-HNT at 550 and 900 °C, respectively. 
They have similar peaks with the un-calcined Cu2+-
HNT catalyst, but some absorption peaks disappeared 
after calcination, particularly peaks in the region of 
4000-3500 cm-1, for the catalyst calcined at 900 °C 
[41]. This might be attributed to the loss of O-H 
groups from the Al-OH present in the HNT. This 
finding agrees with the literature reported by [46], 
that all impurities on HNT decompose when 
subjected to calcination at high temperature. 

 
 

 
Fig. 2: FT-IR spectra of (a) HNT, (b) Cu2+-HNT, (c) calcinated 
CuO-HNT at 550 oC, (d) calcinated CuO-HNT at 900 oC 

 
3.3 AAS results 

AAS was used to determine the Cu content of the 
composite samples. The amount of Cu present in the 
uncalcined and calcined nanocomposite samples were 
determined using AAS. The result showed the 
presence of Cu in the uncalcined Cu2+-HNT, calcined 
at 550 and 900 °C CuO-HNT nanocomposites as 
4.25, 4.20, and 4.16 wt % Cu, respectively. 
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3.4 FE-SEM images and EDX analysis 

Figure 3 shows the SEM images of the HNT, 
Cu2+-HNT, and CuO-HNT nanocomposites calcined 
at 550 and 900 °C, respectively. Only nanotubes exist 
in the image Figure 3(a) of the HNT. No individual 
particles are found on the outer region of HNT, as 
can be seen in the SEM image. Upon incorporation of 
CuSO4 into the HNT, it can be seen that some 
aggregations exist on the surface of the HNT. These 
aggregations can be due to the presence of copper salt 
as can be seen in Figure 3(b). This is supported by the 
EDX analysis of the sample which shows the 
presence of sulfur (Figure 4). Upon calcination of the 
Cu2+-HNT at 550 °C, the CuO-HNT sample showed 
hardly any agglomerations were available compared 
to uncalcined Cu2+-HNT as presented in Figure 3(c). 
No particles on the surface of HNT is seen on the 
surface. But smaller particles with some degree of 
agglomerations was observed on CuO-HNT sample 
calcined at 900 °C, as can be seen in Figure 3(d). 
These nanoparticles could have formed as a result of 
the sintering effect at high temperatures [46]. This 
reveals total combustion of carbon-based materials 
leaving behind CuO and HNT on the nanocomposite. 
The mean average particles size of the CuO in the 
nanocomposites sample calcined at 900 °C was 
calculated using imageJ plot and was found to be 
36.7±2.1 nm. It clearly agrees with the particles size 
calculated from XRD diffractogram using Scherrer 
formula. However, the average particles size of the 
nanocomposites calcined at 550 °C was not 
determined. This is because there were no individual 
CuO particles on the surface of the nanocomposites 
as can be seen in Figure 3(c).  

 
Fig. 3: SEM image of (a) HNT, (b) Cu2+-HNT, (c) calcined CuO-
HNT at 550 oC (d) calcined CuO-HNT at 900 oC 

 

 
Fig. 4: EDX image of uncalcined Cu2+-HNT  

 
3.5 BET analysis 

The surface area (SBET), pore size, and pore-
volume of HNT, Cu2+-HNT, CuO-HNT calcined at 
550 °C and 900 °C nanocomposites were determined 
via N2 adsorption desorption technique and presented 
in Table 1. The respective N2 adsorption-desorption 
isotherm and pore size distribution (BJH) curve is 
presented in Figure 5(a-d). HNT has a BET surface 
area (SBET) of 52.21 m2/g and pore volume of 0.22 

cm3/g respectively. The SBET and pore volume of the 
nanocomposites were found to be lower than that of 
pristine HNT after incorporation with CuSO4. The 
Cu2+-HNT SBET and pore volume values are 37.23 
m2/g and 0.13 cm3/g respectively. A portion of Cu2+-
HNT nanocomposite was subjected to calcination at 
550, and 900 °C to produce calcined CuO-HNT. A 
decrease in the nanocomposites SBET and pore 
volume was observed (35.87 m2/g, 0.13 cm3/g) and 
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(9.27 m2/g, 0.064 cm3/g) respectively. The decrease 
in the SBET and pore volume of the calcined 
nanocomposite at 550 °C compared to the un-
calcined Cu2+-HNT maybe a result of the CuO 
nanoparticles formed at 550 °C occupying the HNT 
nanotubes [47]. In contrast, the drastic decrease in 
SBET and pore volume of the nanocomposite calcined 
at 900 °C, might also be due to the distortion of the 
crystalline lattice of the nanocomposite material 
when the calcination temperature is above 600 °C as 
reported by [17]. Subsequently, the pore size 
diameter also showed a decreasing trend especially 
for the sample calcined at 900 °C. This is consistent 
with the formation of agglomerated CuO 
nanoparticles formed blocking the pores as well as 
the possible distortion of the crystalline lattice. SEM 
images support this finding. The isotherm shows a 
type IV pattern with a H3 hysteresis loop, indicating 
that the catalysts produce mesopores (according to 
IUPAC classification) at a relative pressure of 0.4 to 
1.0. This is attributed to the wide size range of 
mesopores and macropores. The type of isotherms 
did not change, and the pore structure is preserved 
after impregnation of Cu2+ salt onto HNT and 
subsequent calcinations, as observed in the Figure 
5(b-d). A similar observation was reported by several 
researches as presented in Table 1. 

 

 
 

Fig. 5: Typical N2 adsorption-desorption isotherms for (a) HNT (b) 
Cu2+-HNT, (c) calcined CuO-HNT at 550 °C (d) calcined CuO-
HNT at 900 °C [Inset: BJH pore size distribution plot] 
 
 

Table 1  
Comparison of surface properties of various Cu based HNT 
composites 
 

Samples SBET 

(m2/g) 
Average 

pore  
diameter 

(nm) 

Pore 
volume  
(cm3/g) 

Ref. 

HNT 59.12 266.78 0.31 [47] 

45 27 0.26 [48] 

52.21 174 0.22 Present 
study 

Cu2+-HNT 35.90 16.14 0.16 [32]  

37.23 15.37 0.13 Present 
study 

CuO-HNT  
calcined  
(550 °C) 

28.00 15 0.13 [48] 

35.90 209.57 0.25 [47] 

35.87 14.49 0.13 Present 
study 

CuO-HNT  
calcined  
(900 °C) 

9.27 3.74 0.064 Present 
study 

 
3.6 Optical Properties 

Figure 6 (i) shows the UV-Vis spectra of HNT, 
Cu2+-HNT, and calcined CuO-HNT at 550 and 900 
°C, respectively. As can be seen in Figure 6(i) the 
absorbance peaks of HNT are located at 212 and 257 
nm. Previous work has reported that clays often give 
rise to two peaks in the UV region. In clays, these 
peaks are commonly due to the presence of traces of 
oxo-iron (iii) octahydrates [49].  However, as iron is 
not present in HNT (based on EDX), the appearance 
of these peaks are not fully understood. Another work 
has reported that the presence of -OH functional 
groups on HNT can cause the intensity in this region 
to increase. However only broad peaks were observed 
by [50]. In contrast, Cu2+-HNT, as well as calcined 
CuO-HNT at 550 and 900 °C have peaks located at 
247, 234, and 241 nm, respectively. Previous 
research has shown that the absorbance peak for CuO 
is found to be around 250- 255 nm [51]. In this work, 
the peak for the catalyst is slightly shifted to a lower 
absorption peak which might be due to the formation 
of Cu-based nanocomposites with HNT.  

Direct band gap occurs when the maximum energy 
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level of valence band aligns with the minimum 
energy level of the conduction band with respect to 
momentum. Direct recombination can take place. The 
probability of radiative recombination is very high, 
and its efficiency factor is very high. while indirect 
band gap occurs when the maximum energy level of 
the valence band and minimum energy level of 
conduction band are not aligned with respect to 
momentum. The probability of radiative 
recombination is almost negligible and efficiency 
factor is very low. 

The energy bandgap of the samples was 
determined using Tauc's relation [52]. 

��ℎ��n � ��ℎ� 	 
��…………………..(3) 
 
where α = absorption coefficient, hν = photon 

energy, A = absorbance, Eg = optical bandgap, n = 
number describing the nature of the transition 
process; n = 2 for the direct transition and n =1/2 for 
an indirect transition. Hence, the optical bandgap for 
the absorption edge can be obtained by extrapolating 
the linear portion of the (αhν)1/2 against hν curve to 
the energy on the X-axis [52]. The band gaps of the 
HNT and as-synthesized catalyst were obtained using 
Tauc's plot as presented in figure 6(ii). It can be seen 
from the bandgap's plots of all the as-synthesized 
catalysts were within the visible light region. 
Moreover, the bandgap of the pristine HNT which is 
3.54 eV is higher compared to the calcined and un-
calcined catalysts. It is observed that the catalysts 
band gap decreases after calcination of Cu2+-HNT. 
The value shifted from 3.39 eV for Cu2+-HNT to 2.51 
eV for CuO-HNT calcined at 500 ºC and 3.11 eV for 
CuO-HNT calcined at 900 °C. The difference in the 
bandgap of the calcined CuO-HNT at 500 °C and 900 
°C maybe attributed to the difference in size of the 
CuO particles as a result of the variation in 
calcination temperature. Similar observations have 
been reported elsewhere [53]. This is probably due to 
decomposition of organic materials present in the 
HNT and formation of CuO semiconductor in the 
nanocomposites. 


� � ℎ�/� ……………………………….(4) 
Photoluminescence of HNT and the Cu based 

catalysts was determined at room temperature. As 
presented in Figure 6(iii), at an excitation wavelength 
of 200 nm, HNT gave rise to a strong PL emission 
peak at 347 nm and a weak PL emission peak at 696 
nm. At the same excitation wavelength, Cu2+-HNT 

nanocomposites show a similar strong PL emission 
peak at 326 and 648 nm which might be attributed to 
the formation of nanocomposite which results in the 
decrease in the PL emission peaks in comparison 
with that of HNT. This agrees with the literature 
reported by [54]. However, when the same excitation 
wavelength was used for CuO-HNT calcined at 550 
°C strong PL emission peaks was observed at 321 
and 641 nm and small PL emission peaks was seen at 
444 nm, respectively this corresponds to findings of 
[55]. But the PL strong emission peaks for CuO-HNT 
calcined at 900 °C at 200 nm excitation wavelength 
were found to be at 349 and 699 nm. A decrease in 
the emission wavelength was observed for both Cu2+-
HNT and CuO-HNT calcined at 550 °C. This might 
be due to the presence of Cu(OH)2 or CuO in the 
nanocomposite. However, almost similar emission 
peak with HNT was noticed for the CuO-HNT 
nanocomposite calcined at 900 °C because the strong 
emission peaks was observed at 347 nm and small 
emission peak at 697 nm. As can be seen the 
emission peaks of calcined CuO-HNT at 900 °C is 
nearly similar with the pristine HNT. This might be 
attributed to the higher calcination temperature used 
which results in the distortion of crystallinity of the 
nanocomposite. Generally a shift of the emission 
peaks of the nanocomposites to a lower wavelength 
compared to the pristine HNT was observed which 
results in decrease in the electron-hole recombination 
which leads to increase in nanocomposite 
photocatalytic efficiency [56]. 

 

 
Fig. 6: (i) UV-Vis absorption spectra (ii) (a-d) band gap energies 
(iii) PL emission spectra with 1% attenuator of HNT, Cu2+-HNT, 
Calcined CuO-HNT at 550 and 900 °C 
[(a) HNT, (b) Cu2+-HNT, (c) CuO-HNT calcined at 500 ºC and (d) 
CuO-HNT calcined at 900 ºC] 
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3.7 Photodegradation and Characterization of 

Degraded LENR 

3.7.1 Gel permeation chromatography (GPC) 
GPC analysis was used to study the changes in 
molecular weight observed on LENR and its 
corresponding degraded derivatives. The results of 
weight average molecular weight (Mw), number 
average molecular weight (Mn), and polydispersity 
indexes of P-LENR and degraded LENR samples are 
presented in Table 2. The results revealed that the Mw 
of all degraded LENR samples showed a significant 
decrease when compared with that of the P-LENR. 
This could be attributed to the degradation of LENR 
chain, which arises due to chain scission resulting in 
the formation of low Mw compounds. The result 
indicated that the Mw of LENR decreased from 
25,732 to 12,067 g/mol after being subjected to UV-
irradiation photodegradation for 3 hours in the 
absence of catalyst. However, when irradiated in the 
presence of Cu2+-HNT catalyst, the Mw further 
decreases from 25,732 to 5,774 g/mol. This might be 
due to dispersion of photocatalysts resulting in its 
good photocatalytic activity on LENR. When the 
CuO-HNT calcined at 550 °C was used, the Mw 
dropped dramatically to 3,105 g/mol. This might be 
attributed to the different active sites available when 

Cu2+ ions are oxidized to CuO. The low band gap 
energy observed by the CuO-HNT calcined at 550 ºC 
could also have contributed to the better 
photocatalytic degradation of LENR. Its lower band 
gap energy can be related to higher visible light 
harvesting ability. However, the Mw of LENR 
degraded with UV-irradiation in the presence of 
CuO-HNT calcined at 900 °C reduces to only 8,078 
g/mol. The degradation was less when compared to 
LENR treated with un-calcined catalyst. This may be 
attributed to the low surface area because of high 
calcination temperature of 900 °C for the nano- 
composites which eventually causes a high degree of 
agglomeration as such the active sites for the 
degradation decreases [57, 58]. The calcined catalyst 
at 550 °C was found to have the highest catalytic 
activity for the degradation of LENR compared to the 
remaining samples due to the formation of low Mw of 
the degraded LENR. Generally, smaller particles 
have higher oxygen vacancy contents, which results 
in higher UV-vis absorption. Higher calcination 
temperatures resulted in the development of crystals, 
which reduced the optical activity of the resulting 
catalysts [59]. 

 
 

 

Table 2 

Mw, Mn, and polydispersity indexes (PDI) of P-LENR and degraded LENR 
 

 

3.7.2 FT-IR spectrum of P-LENR and degraded 

LENR 

FT-IR spectra of P-LENR, photodegraded LENR 
without catalyst, photodegraded LENR treated with 
0.05g of Cu2+-HNT and calcined CuO-HNT catalyst 
at 550 and 900 °C are shown in Figure 7(a-e) 
respectively. Figure 7(a) shows the FT-IR spectrum 
of P- LENR. The broad absorption peak located at 
3423 cm-1 is assigned to O-H stretching, while the 
peak at 2960 cm-1 corresponds to C-H stretching 
vibration for the methyl group. The peaks located at 

2925, 2870 cm-1 are due to the stretching vibration of 
methylene. A small absorption peak was observed on 
P-LENR at around 1714 -1716 cm-1 which is 
assigned to C=O  (carbonyl) groups [60]. The peaks 
at 1642 cm-1 and 690 cm-1 are attributed to C=C 
stretching and bending of alkene, respectively. The 
peak at 1450 cm-1 is due to C-H bending for methyl 
deformation, while the peak at 1372 cm-1 is due to C-
O stretching vibration. The important peaks of P-
LENR due to epoxy linkages are located at 1241 and 
880 cm-1. These peaks correspond to the symmetric 

Samples Weight average 
molecular weight 

(Mw)  
(x103) g/mol 

Number average 
molecular weight, 

(Mn)  
(x103) g/mol 

Polydispersity 
index (PDI) 

(Mw/Mn) 
��� 	 ���

���
˟��� % 

Percentage degradation  

P- \LENR 25.732 7.835 3.28 - 

LENR+ no catalyst 12.067 2.095 5.76 53 

LENR+ 0.05g uncalcined 
Cu2+-HNT  

5.774 1.381 4.18 78 

LENR+ 0.05g calcined CuO-
HNT at 550 °C 

3.105 0.925 3.35 88 

LENR+ 0.05g calcined CuO-
HNT at 900 °C 

8.078 1.595 5.06 69 
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and asymmetric stretching vibration of the epoxide 
ring, respectively [60]. Upon exposing the LENR to 
the light source without the presence of a catalyst, it 
can be seen that the spectra Figure 7b show similar 
peaks with the P-LENR. However, a slight decrease 
in the intensity was observed in the crucial peaks 
located at 1241 and 897 cm-1 and some shifts were 
observed to the higher wavenumber when compared 
to the P-LENR. This indicated that slight degradation 
of LENR degradation might have occurred [61]. 
Figure 7c shows the spectra of degraded LENR in the 
presence of the Cu2+-HNT catalyst. A significant 
decrease in the intensity of the important peaks of 
LENR was observed, and a peak shifted to 908 cm-1 
for the asymmetric stretching of the epoxide ring is 
seen. Subsequently, Figure 7d and 7e show the FT-IR 
spectra of degraded LENR treated with CuO-HNT 
calcined at 550 and 900 °C, respectively. As can be 
seen from the spectra, there is a shift in the crucial 
peak of LENR to higher wavenumber in spectra of 
LENR treated with calcined CuO-HNT at 550 °C. 
Fig. 7d shows better degradation when compared 
with the spectra of degraded LENR treated with 
calcined CuO-HNT at 900 °C Figure 7e. This is 
because there is a more obvious decrease in the 
epoxy peak originally at 868 cm-1 for the catalyst 
calcined at 550 °C compared to that calcined at 900 
°C Furthermore, the peak at 1241 cm-1 diminished in 
the spectra of degraded LENR treated with CuO-
HNT calcined at 550 °C whereas it only decreased in 
intensity in the case of LENR treated with calcined 
CuO-HNT at 900 °C. This might be due to the 
distortion of catalyst morphology when calcined at 
higher temperature which reduces its degradation 
ability. In all the treated samples, as the intensity of 
the epoxy peaks decreases, and also increase in the 
intensity of the absorption peak on all degraded 
LENR at around 1714 -1716 cm-1 (b-e) which is 
assigned to C=O  (carbonyl) groups of aldehyde and 
ketone, respectively [60]. This is assigned to the 
ketone which is usually formed due to the chain 
scission (breaking) in the degraded LENR and an 
increase in the intensity of the O-H peak were 
observed. This might be due to partial cleavage of 
oxirane bonds of degraded LENR that were 
converted to the terminal diols and carbonyl 
compounds as reported by [25]. Generally, when 

compared between P-LENR and all degraded LENR, 
a decrease in the intensity of peak at 690 cm-1 (a-e) 
allocated to (-C=C- bending) for alkene indicates the 
consumption of double bond during degradation 
process [62][63]. 

 

 
Fig. 7: FT-IR Spectra of (a) P-LENR, (b) D-LENR without 
catalyst, (c) D-LENR with 0.05g Cu2+-HNT, (d) D-LENR with 
0.05g Calcined CuO-HNT at 550 °C, (e) D-LENR with 0.05g 
Calcined CuO-HNT at 900 °C. 

 
3.7.3 Thermogravimetric analysis (TGA) 

Figures 8 (i) and 8 (ii) shows the TGA and derivative 
thermogravimetry (DTG) plots of P-LENR and 
photodegraded LENR treated with 0.05 g catalysts 
assigned as (a, b, c, d, and e). Their Tonset, Tmax and 
Toffset are summarized in the Table 3. Thermograms 
of TGA and DTG reveals that the degradation of P-
LENR occurred in three stages.  As can be seen in 
Figure 8(i) the thermogram showed a slight weight 
loss between 31 – 150 °C due to the evaporation of 
moisture or solvent in the LENR. This causes 5.6 % 
weight loss. The second stage of degradation started 
at 211°C and ends at 273 °C with a Tmax of 238 °C. 
This weight loss is due to the degradation of 
oligomers and volatile materials [61]. Beyond 273 °C 
the weight loss is approximately 89% and correspond 
to the degradation of high Mw LENR.  

Generally, weight loss and shift in the peaks 
positions was observed for all photodegraded LENR 
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in comparison to P-LENR. However, the degraded 
LENR generally showed two different profiles 
depending on the catalysts used to degrade the 
LENR. The first profile (peak) is slightly like that of 
P-LENR. This can be seen for the degraded LENR 
obtained without any catalyst and with the CuO-HNT 
calcined at 900 °C catalyst. For both these two 
samples, the profiles exhibited a high % of weight 
loss at high temperatures of above 275 °C, like the P-
LENR. This indicates that even after the degradation 
process, a large portion of the sample still existed as 
high Mw LENR. In contrast, the degraded LENR 
using the Cu2+-HNT and CuO-HNT calcined at 550 
°C catalysts showed lower % of weight loss at 
temperatures above 275 °C. As such, this may 
indicate that for both these catalysts, a higher portion 
of the LENR is degraded to lower Mw LENR. 

Subsequently, it can be observed that for all the 
degraded LENR, the Tmax for the weight loss at above 
275 °C is more or less like P-LENR. All samples 
exhibit a Tmax in the range of 407 – 416 °C. 
Interestingly, for the degraded LENR using the Cu2+-
HNT and CuO-HNT calcined at 550 °C catalysts, 
there seems a large shift in the Tmax to lower 
temperatures than 275 °C when compared to P-
LENR. This can be due to the availability of lower 
Mw LENR as compared to the P-LENR and other 
degraded LENR. As can be seen that both P-LENR 
and degraded LENR samples when heated above 600 
°C, their percentage residue approached zero except 
the degraded LENR treated with Cu2+-HNT. This 
might be due to some amount of catalyst still 
remaining in the degraded LENR sample.

 
Table 3 

TGA of P-LENR and degraded LENR 

 

 
Fig. 8: (i) and (ii)showed TGA and DTG spectra of (a) P-LENR 
and degraded LENR b) with no catalyst (c) treated with 0.05 g 
Cu2+-HNT (d) treated with 0.05 g calcined CuO-HNT at 550 °C 
and (e) treated with 0.05 g Calcined CuO-HNT at 900 °C. 

 
 
4. Conclusions 

Cu was successfully immobilized onto HNT by 
impregnation technique, and some portion of the 

resulting nanocomposite was subjected to calcination 
at 550 and 900 °C respectively to obtain calcined 
CuO-HNT nanocomposite. Both as-synthesized and 
calcined nanocomposites were characterized via 
FTIR, UV-Vis (DRS), PL, XRD, SEM/EDX, N2 -
adsorption desorption and AAS. The results indicate 
successful formation of un-calcined and calcined 
nano catalyst.  The findings showed that the sample 
calcined at 550 °C has less agglomeration compared 
to that calcined at 900 °C. The BET surface area also 
drastically reduced for samples calcined at 900 °C. 
The catalytic activity of the as-synthesized and 
calcined catalysts was assessed for the degradation of 
LENR using UV-irradiation photocatalytic method in 
the presence of a UV light. The degree of degradation 
was assessed by comparing the changes in Mw 
between P-LENR and the degraded samples. The 

Samples Tonset (°C) Tmax (°C) T

end 

(°C) 

% 

Residue 

at 600 °C 

P-LENR (
a) 

9
0 

2
11 

288 1
18 

2
38 

414 7
97 

2 

D-LENR (no catalyst) (
b) 

 1
94 

305  2
32 

407 7
86 

5 

D-LENR treated with 0.05g Cu2+-HNT (
c) 

1
08 

- 268 1
69 

- 416 7
95 

25 

D-LENR treated with 0.05g calcined 
CuO-HNT at 550 °C 

(
d) 

- - 285 -  - 412 7
96 

4 

D-LENR treated with 0.05g calcined 
CuO-HNT at 900 °C 

(
e) 

- - 298 - - 414 7
87 

0 
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decrease in Mw was observed for various 
photodegraded samples compared to P-LENR. The 
LENR (Mw = 25,732 g/mol) degraded to 12,067 

g/mol, without catalyst, while with uncalcined 
catalyst Cu2+-HNT Mw is 5,774 g/mol, calcined CuO-
HNT at 550 °C Mw is 3,105 g/mol, and calcined 
CuO-HNT at 900 °C Mw is 8,078 g/mol. The result 
reveals that the LENR degraded in the presence of 
calcined CuO-HNT catalyst at 550 °C has lower 
molecular weight which indicates that it has higher 
catalytic activity over the remaining catalyst samples. 
This study has shown that the presence of Cu2+-HNT, 
and CuO-HNT nanocomposites under UV light 
enhances the degradation of LENR and may find 
useful application as a potential source for renewable 
fuel and fine chemicals. Optimization of various 
reaction parameters would be interesting route to 
investigate to improve the catalytic reaction.  
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