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a b s t r a c t
Using the novel reflux-thermal method, a novel nanocomposite was prepared from activated carbon 
of Zea mays L. waste with copper-nickel-oxide (ZMCN). Nickel sulfate (NiSO4) and copper sulfate 
(CuSO4) were used as metal sources with NaBH4 and NaOH as a precursor. The composite was char-
acterized by Brunauer–Emmett–Teller, Fourier-transform infrared spectroscopy (FT-IR), X-ray diffrac-
tion (XRD), scanning electron microscopy (SEM), high-resolution transmission electron microscopy, 
and thermogravimetric analysis/differential thermal analysis. The morphological characteristics of the 
synthesized ZMCN have been characterized using SEM. The XRD analysis showed the crystalline 
nature of ZMCN nanocomposite. In addition, FT-IR and energy-dispersive X-ray spectroscopy anal-
yses were also carried out to investigate the particle size, chemical functional group, and elemental 
composition of ZMCN. The ZMCN was subsequently used for the dye degradation of Rhodamine B 
(RhB) at room temperature. RhB degradation was found to be 98.7% in 50 mg/L solution.
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1. Introduction

Nanocrystalline Cu-NiO loaded activated carbon, 
because of its moderately low cost, non-toxicity, good opto-
electronic properties, and excellent chemical stability has 
potential applications in photocatalytic degradation of toxic 
pollutants dispersed in the environment. Nowadays, water 
contamination by different pollutants (mainly heavy metals 
and dyes) has become a major environmental problem and 
a threat to the well-being of living organisms [1–5]. Heavy 
metals and dyes that are widely distributed in the environ-
ment remain non-biodegradable, persistent, carcinogenic, 
and toxic. They bioaccumulate in living organisms through 
the food chain, and their accumulation causes different dis-
eases and malfunctions. Many efforts have been devoted to 
designing different adsorbents for removing colored dyes. 
Wastewater treatment using a small amount of an adsorbent 

could remove a large amount of dye [6–11]. Since activated 
carbon is one of the most used adsorbents with a porous 
structure, an enormous specific surface area, and strong 
adsorption capacity, it is widely used to remove organic dyes 
and pollutants from industrial wastewater [12–16]. Activated 
carbon can adsorb many dyes with a high adsorption 
capacity, but its adsorption efficiency is low [17–23].

Currently, advanced oxidation processes (AOPs), that 
employ eco-friendly hydrogen peroxide (H2O2), are char-
acterized by a common feature; the capability of exploiting 
high reactive oxidizing agents such as hydroxyl radicals 
(•OH) to destroy most organic pollutants (e.g., dyes) present 
in wastewater completely. The use of metal oxide nanopar-
ticles is restricted because recovery of the metal oxide from 
the degraded dye solution cannot be accomplished com-
pletely. The magnetic method fails to remove the metal oxide 
nanoparticles entirely. When released into the environment, 
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these metal oxides cause heavy metal pollution; hence, 
their removal is imperative. Activated carbon-supported 
metal oxide can be removed easily after the degradation 
by a simple centrifugation technique [8]. Activated carbon, 
in some cases, was found to absorb the degraded product 
of the dye. This study focuses on using activated carbon to 
support the metal oxide.

In this research work, a copper-nickel-oxide-loaded 
activated carbon (ZMCN) photocatalyst was prepared. 
Various studies were made and the resulting ZMCN was 
characterized. The research aimed to investigate the photo-
catalytic activity of ZMCN on Rhodamine B solution under 
UV-radiation. The ZMCN was characterized by Brunauer–
Emmett–Teller (BET), Fourier-transform infrared spectros-
copy (FT-IR), X-ray diffraction (XRD), scanning electron 
microscopy (SEM), and thermogravimetric analysis/dif-
ferential thermal analysis (TGA/DTA). This investigation 
could support the analysis of the possibility of employing 
ZMCN for removing textile dyes.

2. Experimental method

2.1. Materials

Waste from the Zea mays L. plant was gathered in 
Karupur, Tamil Nadu, India. The outer covering of the gath-
ered wastes was removed before washing and the samples 
were dried at room temperature for 3–4 d to eliminate all 
moisture. Dried wastes were ground to a fine powder and 
stored in a dry, airtight container for later use. Sulfuric 
acid, hydrochloric acid, sodium hydroxide, copper sulfate, 
and nickel sulfate were acquired from Merck (India) and 
were utilized in their unaltered form.

2.2. Preparation of ZMCN

Zea mays L trash was used to make activated carbon from 
biowaste sources. Waste from Zea mays L was thoroughly 
washed with distilled water and dried at 100°C for 24 h. A 
two-step physico-chemical method was used to activate 
the dried material [24]. Physical activation was followed 
by H2SO4 with HNO3 activation in a two-step activation 
procedure. To obtain the raw enhanced activated carbon 
(AC) in ash form, the dried Zea mays L waste was burned 
in a muffle furnace at a high temperature of 600°C. First, 
AC was thoroughly cleaned with distilled water before 
being immersed in 60% sulfuric acid and 30% HNO3 in 
the ratio of 1:2 and then purged with N2 for 6 h to digest 
it. The resultant mass was then thoroughly cleaned with 
plenty of water. Next, AC was cleaned thoroughly with 
plenty of hot water to eliminate the excess acid. The dried 
carbon is then ground for 10 min in a planetary ball mill 
with zirconium balls to achieve a consistent size of carbon.

The activated carbon (AC) was loaded with cop-
per-nickel-oxide nanoparticles. First, 1 g of AC was dissem-
inated in 600 mL of distilled water at room temperature 
for 2 h using sonication. Next, 20 mL of 1 N copper sul-
fate and 20 mL of 1 N nickel sulfate were added. The 
metal ions solution was then reduced with 0.025 N of 
NaBH4, and 1 N NaOH was added drop by drop. Next, 
the solution was refluxed in a magnetic stirrer bath for 

8 h in a nitrogen environment (Fig. 1). Finally, ZMCN 
was filtered and washed with distilled water and ethanol 
before drying at room temperature for 5 h.

3. Result and discussions

3.1. X-Ray diffraction studies

Fig. 2a depicts the X-ray diffraction peaks for ZMCN 
composites at 2θ = 37, 41, and 43 due to the orthorhombic 
structure [24]. Fig. 2b shows the XRD of activated carbon. 
There is no characteristic peak in the activated carbon which 
indicates the amorphous nature of the carbon. In Fig. 2a, 
metallic copper (Cu(0)) diffraction peaks at 2θ = 37, 41, and 
43 were assigned to the (111), (031), and (130) planes and 
NiO peaks at 2θ = 12.34, 17.55, and 23.45 were assigned to the 
(111), (031), and (130) planes, respectively. These results were 
matched with observed values in JCPDS files (No. 01-078-
0648 and No. 00-049-1830, respectively) [25] for ZMCN. Cu 
and NiO were ascribed to all diffraction peaks, showing that 
only Cu and NiO were formed in the current system. The 
diffraction peaks of NiO were dramatically amplified with 
the addition of activated carbon. Therefore, the overlap of the 
peaks attributes to the little distance between them instead 
of the formation of alloys. The absence of additional dis-
tinctive peaks owing to contaminants and sharp peaks in 
the pattern, as shown in Fig. 2, indicates that the produced 
samples were of high purity and crystallinity. According 
to the full-width at half-maximum values of diffraction 
peaks and Debye-equation, Scherrer’s average crystallite 
size of ZMCN was effectively determined [26]. The average 
crystallite size for ZMCN was found to be 39.34 nm.

3.2. Scanning electron microscopy

Fig. 3 shows the SEM micrograph pictures of activated 
carbon and ZMCN before and after dye degradation. An 
SEM image vividly demonstrates the shape and structure 
of the nanocomposite under investigation. AC has a porous 
structure with a smooth surface (Fig. 3a), but Fig. 3b of 
ZMCN shows that the nanocomposite was agglomerated 
and fixed to each other. As a result, the surface became 
rough and coarse. Fig. 3c shows the SEM image of ZMCN 
after dye degradation. It could be seen from the image that 
the physical nature of the catalyst has changed. The distri-
bution of heavy metals in the composite was confirmed by 
energy-dispersive X-ray spectroscopy (EDX) analysis, as 
shown in Fig. 3d. The percentage of carbon, oxygen, Cu, 
and Ni was 20%, 50%, 2%, and 3%, respectively (Table 1).

3.3. High-resolution transmission electron microscopy analysis

The size and physical characteristics of ZMCN nanopar-
ticles were revealed by high-resolution transmission 
electron microscopy (HR-TEM), as shown in Fig. 4. The 
activated carbon matrix appeared brighter in transmission 
electron microscopy (TEM) images owing to the contrast.

HR-TEM demonstrated that the metal in ZMCN was 
in a highly diffused state. It might be owing to the carbon 
matrix’s high particle density. The nanoparticle in ZMCN 
was visible in HR-TEM techniques, and the material had a 
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characteristic form. The ZMCN nanoparticles were between 
30 and 50 nm in size.

3.4. FT-IR studies

The FT-IR technique is a helpful tool for identifying 
key functional groups on the surfaces of materials that can 
absorb organic contaminants. Fig. 5 shows the FT-IR spectra 
of the activated carbon and ZMCN. FT-IR spectra of activated 
carbon (Fig. 5b) show strong bands at around 3,500 cm–1 
which can be attributed to O–H groups. Stretching vibra-
tions of aliphatic groups –CH2– caused the band to appear 
at around 2,920 cm–1. Conjugated C=O stretching or C–O 
stretching in carboxyl groups can be assigned to the bands 
at roughly 1,500 and 1,750 cm–1, respectively. C–O stretch-
ing of carboxylate and ether compounds was responsible 
for FT-IR peaks at 1,200 cm–1. Thus, it could be concluded 
that activated carbon has a lot of functional groups for 

adsorbing harmful ions. These functional groups play an 
essential role in contaminant ion adsorption [21]. The FT-IR 
spectrum of the synthesized ZMCN is given in Fig. 5a, and 
there is a drastic shift in the absorption peak, which might 
be due to the metal oxide ion impregnation in the activated 
carbon. The presence of six prominent peaks at 3,337.25; 
1,656.45; 1,452.55; 1,398.69; 1,163.39 and 1,097.44 cm–1, 
which represent O–H stretching vibrations (alcoholic or 
phenolic), C–H asymmetric stretching, C=C stretching, 
C=C aromatic ring stretching, C–OH stretching vibrations 
and C–OH bending, respectively, as revealed in Fig. 5a.

3.5. BET analysis

Fig. 6a shows nitrogen adsorption–desorption isotherms 
on the ZMCN, revealing a type IV isotherm for activated 
carbon, which is classified as mesoporous support by the 
IUPAC. Fig. 6b shows the surface area and total pore vol-
ume of the catalysts acquired by BET. The surface area of 
the BET dropped as the metal concentration increased, 
as the pores of the activated carbon were plugged by the 
precipitating copper and nickel ions, lowering the surface 
area available for nitrogen adsorption over the support. 
ZMCN had a surface area of 1,256 m2/g and a total pore 
volume of 0.245 mL/g.

3.6. TGA/DTA studies

Fig. 7 shows the thermogravimetric analysis findings 
for the ZMCN nanocomposite. In ZMCN, there were two 
distinct weight loss regions. The water in the catalyst was 
initially lost, which corresponded to a weight loss between 
30°C and 120°C. Since then, weight loss does not commence 
until the temperature reaches 350°C. At this temperature, 

Fig. 1. Flowchart for preparation of activated carbon.

Fig. 2. XRD studies of (a) ZMCN composite and (b) activated 
carbon.
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the catalyst does not degrade. After 350°C, the activated 
carbon began to break down, and the volatiles were 
released. Decomposition-induced weight loss continued 
upto 480°C. All the volatiles decomposed between 350°C 
and 480°C. As observed, the activated carbon decomposed 
at this temperature, whereas the metal oxide remained 
stable and did not decompose. After 500°C, there was no 
apparent change in weight, indicating the stability of the 
Cu/NiO nanoparticle.

3.7. Photodegradation studies

3.7.1. Dye concentration studies

Fig. 8 depicts the absorption spectrum of Rhodamine 
B (RhB) at various time intervals and concentrations with 
ZMCN catalyst. The solution was agitated with a magnetic 
stirrer under UV light; after 10mg of ZMCN was added to 
10 mL of 25, 50, and 75 ppm RhB solution. Fig. 9 depicts the 
removal rate of RhB at various concentrations. The dye deg-
radation rate was accelerated using UV light. The dye solu-
tion’s percent removal was measured regularly. The 25 ppm 
solution degraded 98.1% in 110 min, while the 75 ppm 

solution took 110 min to degrade to 70.5%. After 110 min, 
the degradation remained constant, indicating that equilib-
rium had been reached. With increased concentration, the 
degradation decreased because the UV light was blocked 
by the higher concentration of the RhB dye, and the active 
site for the degradation on ZMCN decreased due to over-
crowding on the surface, hence the degradation decreases. 
Thus, with an increase in concentration, the degradation 
time increases, and the percent degradation also decreases.

A kinetic study was carried out to determine the order 
of the degradation reaction of ZMCN on RhB. It was found 
that the degradation of RhB by ZMCN followed pseu-
do-first-order kinetics. Pseudo-first-order rate constant 
k was calculated using Eq. (1):

ln
C
C

kto

t

=
 (1)

where Co is the initial concentration of the solution and Ct is 
the concentration of RhB after t min, k is the pseudo-first-or-
der rate constant. The slope of the graph gives the value 
of k in min–1. The R2 value for the plot (Fig. 10) was found 
to be 0.97, which indicates the degradation follows pseu-
do-first-order kinetics. Therefore, the value k for degradation 
was found to be 0.03187 min–1 for the degradation of RhB.

3.7.2. Effect of UV light irradiation time

The dye degradation by ZMCN increased when the 
solution was irradiated with UV light. Without the UV 
light, the degradation was found to happen very slowly. 
For example, 25 ppm solution was found to degrade up to 
only 34% (time 70 min) without UV light, but in the pres-
ence of the UV light, the dye degraded 98.1%. Furthermore, 

Fig. 3. SEM image of (a) activated carbon, (b) ZMCN nanocomposite, (c) ZMCN catalyst after dye degradation d. EDX image.

Table 1
EDX datas for composition metal with activated carbon

Element wt.% at.%

OK 10.15 50.16
CK 3.40 20.28
CuK 1.20 1.72
NiK 1.82 2.42
Matrix Correction ZAF
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irradiation time increased with an increase in the concen-
tration, as shown in Fig. 9. For example, the time taken for 
50 ppm solution to attain maximum degradation was 90 min, 
whereas, for 75 ppm, the time was 110 min to attain the max-
imum degradation. With an increase in the dye concentra-
tion, the removal percent was found to be very low (around 
40%) after irradiating with UV light for up to nearly 2 h.

3.7.3. Effect of pH on degradation

pH plays a vital role in dye degradation and adsorp-
tion [27]. RhB gets protonated at lower pH and dimerized 
at higher pH; hence the activity of the composite depends 
on the medium pH. This study shows an interesting trend, 
as the removal of RhB was found to be low at acidic pH. 
The effect of the removal of RhB on the pH of the solution 

is depicted in Fig. 11. With an increase in pH, the removal 
also increased and reached a maximum value at pH 9, and 
with a further increase in pH, there was a slight decrease 
in the removal percent. High pH values result in a higher 
concentration of hydroxyl ions, and the hydroxyl ion was 
found to activate ZMCN, resulting in a faster photocata-
lytic decolorization rate of dyes [28]. However, if the pH 
increases beyond 10, the dimerization of RhB occurred 
and hence the dye degradation decreases slightly.

3.7.4. Effect of adsorbent dosage

The number of active sites for dye degradation increased 
with an increase in the adsorbent mass [29]. A total of 

Fig. 4. HR-TEM image for ZMCN nanocomposite.

Fig. 5. FT-IR graph of a. ZMCN nanocomposite b. activated 
carbon.

Fig. 6. BET analysis of (a) activated carbon and (b) ZMCN nano-
composite.
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10 mL of a 100 ppm solution was utilized with various 
amounts of adsorbent ranging from 10 to 100 mg. The irra-
diation duration was 75 min. Fig. 12 demonstrates how 
removal percent changed as the adsorbent mass increases. 
For 10 and 100 mg of adsorbent, the removal rate increased 
from 20% to roughly 90% as the mass of the adsorbent 
increased. It could be explained that an increase in the active 
site of the catalyst had led to a more efficient degradation.

3.7.5. Reactive species involved in degradation of RhB dye

The degradation of a dye by a metal catalyst typically 
follows the redox mechanism. Irradiation of the light on 

the metal catalyst would excite an electron from its lattice 
site, and there would be a formation of an excited electron 
which would be present in the conduction band (e–). Holes 
would be produced at the valence band (h+). The e– in the 
conduction band and h+ generated the active species that 
cause the degradation of RhB. The e– and h+ reacted with the 
oxygen, and the water adsorbed on the surface.

The e– would reduce oxygen that was adsorbed on the 
ZMCN, leading to the formation of •O2

– superoxide anion 
radical. •O2

– may further react with water leading to the 
formation of many other reactive species like H2O2, •OOH, 
and •OH (hydroxyl radical). The holes that were formed 
acted as an oxidizing site and oxidize the hydroxide ion 

Fig. 8. UV-Visible spectrum of dye removal by ZMCN nanocomposite at (a) 25 ppm, (b) 50 ppm and (c) 75 ppm.

Fig. 7. TGA/DTA spectrum of ZMCN nanocomposite.
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(OH–) present in the solution to hydroxyl radical (•OH). 
The intermediates produced from oxidation and reduc-
tion act as active species and can react with RhB. The RhB 
then would be reduced or oxidized, resulting in the deg-
radation. The e-scavenger used in this work is 1 mL of 
1 mM AgNO3 in 10 mL dye solution, and sodium oxalate 
of the same strength and quantity was used for study-
ing the scavenging activity of h+. Fig. 13 shows the per-
cent removal of RhB dye with various scavengers. It can 
be seen from Fig. 13 that the percent removal of RhB was 
considerably reduced by the addition of oxalate compared 
to scavenging activity of AgNO3, indicating that holes, h+ 
played a vital role in degradation reaction compared to 

Fig. 11. Variation of removal of RhB with pH of the solution by 
ZMCN composite.

Fig. 12. Variation of removal percent with adsorbent mass.

Fig. 9. Dye removal by ZMCN nanocomposite at various time 
intervals.

Fig. 10. Degradation study of RhB by ZMCN in a pseudo-first- 
order kinetics (concentration 25 ppm).

Fig. 13. Removal percent of RhB in presence of various 
scavengers.
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e–. Nonetheless, both the h+ and e– scavengers reduced the 
percent removal of RhB, showing that the RhB underwent 
both oxidation and reduction. However, the oxidation 
process was more prominent than the dye reduction reac-
tion. The radical that influenced the degradation process 
was also checked with ascorbic acid, as an •O2

– scavenger 
and for •OH tert-butanol (TBA) was used [30–33]. TBA 
inhibits the degradation more effectively than ascorbic 
acid. Hence the degradation of the RhB can be carried out 
by the holes and hydroxyl radicals. The following mech-
anism was proposed considering the above discussion.

Formation of active species:

Cu/NiO + UV light → e– + h+ (formation of holes and electron)

h+ + H2O →•OH + H+(oxidation of water)

O2 + e– → •O2
– (reduction of oxygen)

H2O + •O2
– → H2O2(oxidation of water)

e– + H2O2 → •OH (reduction of peroxide)

Degradation reaction of dye (main reaction)

RhB + h+ → Oxidized product

RhB + •OH → Oxidized product + OH–

3.7.6. Effect of temperature

With an increase in temperature, the rate of the chemi-
cal reaction increased (Fig. 14). The effect of temperature 
on the degradation of RhB was analyzed in 50 ppm of dye 

solution at various temperatures. With an increase in tem-
perature, the degradation appeared to increase. At 45°C, 
the degradation reaction was completed in 80 min, whereas 
the same took 110 min at 25°C. With an increase in tem-
perature, the rate of the reaction increased and catalytic 
activity for the degradation also increased.

3.8. Catalyst’s durability

The reusability of the catalyst was carried out by recov-
ering the catalyst after the degradation reaction using the 
centrifugation technique. The solution, after degradation, 
was centrifuged at 500 rpm in a test tube. The superna-
tant solution was discarded, the catalyst was washed with 
5 mL of double-distilled water several times, and then 
the catalyst was dried at room temperature for an hour. 
It was found that the efficiency of the catalyst decreased 
after 500 experiments, as shown in Fig. 15. The recovery 
percentage after each experiment was found to be 99.5%.

4. Conclusion

Novel nanocomposite materials combining an activated 
carbon using Zea mays L. waste and a transition metal (NiO, 
Cu) using a very simple impregnation process are synthe-
sized in this work. The synthesized nanocomposites show 
high porosity. XRD and TEM images show high crystalliza-
tion of the metal in the composite. The ZMCN composite is 
tested for the degradation of the Rhodamine B and found to 
be effective in degrading the dye. pH for the dye degrada-
tion is found to be 9, and is observed that with an increase 
in the adsorbent mass, the degradation also increases.
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