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Abstract 

The photocatalytic degradation of congo red dye (CR) using nanocomposites materials of multi-walled carbon nanotubes 

combined with some transition metal oxide under visible light irradiation was studied. Multi-walled carbon nanotubes were 

prepared via chemical vapour synthesis (CVS) and loaded with some transition elements as Cu, Zn, and Cu0.1Zn0.9O 

nanoparticles, where the ratio of metal was kept constant in all catalysts (20% M). Various Characteristic techniques were 

adopted such as X-Ray Diffraction (XRD), Nitrogen adsorption-desorption, Transmission Electron Microscope (TEM), 

Fourier Transform Infra-Red (FT-IR), Ultra Violet reflectance analysis (UV), Scanning Electron Microscope (SEM), Energy 

dispersive X-ray Spectroscopy (EDX), Photoluminescence (PL) spectroscopy and Raman spectroscopy. The results proved 

that the mother carbon nanotubes have a high surface area and total pore volume and are found to be 247m2/g and 0.569 

cm3/g, respectively, and its surface area decreased upon loading the metal nanoparticles. Pore size distribution curve (PSD) 

exhibited a wide mesopore centered at 30 nm. TEM results revealed that Cu and Zn metals are randomly distributed and 

located at the nanotube's surface and the tips of the tube via the tip-growth mechanism. It is seen that the Zn/CNTs have a 

homogenously uniform diameter as compared to the neat CNTs. The nanocomposites' photodegradation% rank was Zn/CNT 

> Cu/CNT > Cu-Zn/CNT, which related mainly to the chemical composition of Zn/CNT composite. Zn/CNT composite 

showed the highest degradation efficiency among the prepared composites, which achieved 97.7% after 70 minutes under 

visible light irradiation. The mechanism of the photocatalytic degradation of congo red dye under visible light irradiation was 

discussed. 
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1. Introduction 

Nanoscience and nanotechnology are considered to 

have huge potential to bring benefits to many areas of 

research and application and are attracting rapidly 

increasing [1].  Transition metal NPs can be seen to 

be very desirable to employ like catalysts because of 

their massive ratio of surface to volume and great 

energy at the surface, making the atoms of their 

surface very useful [2–4]. Metal NPs represent a 

powerful catalyst for a whole range of reactions, such 

as C–C coupling, hydrogenation, and oxidation 

reactions [5]. Metal oxide (NPs) are promising 

substances since they could be synthesized with a 

relatively high surface area and highly ionic, with 

unique crystallography that could show many surface 

reaction sites [6]. 

Semiconductor photocatalysis technology, which can 

provide active solar energy, is a promising method 

for water pollution treatment [7]. CuO and ZnO NPs 

based photocatalyst is the most commonly used 

material in wastewater treatment [8–10]. Due to its 

high chemical stability, low cost, and relatively high 

quantum efficiency, ZnO can be considered a relative 

photocatalyst. ZnO nanoparticles are active only in 

the UV range and showed a medium performance. 

CuO is often utilized as a cocatalyst due to its low 

energy gap. The combination of CuO with 

comprehensive band gap catalysts such as TiO2 or 

ZnO leads to an increase in the photocatalytic rate 
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under visible light. It has been demonstrated that 

CuO/ZnO nanocomposites exhibit improved charge 

carrier separation and decreased the rate of hole-

electron recombination, which improves photo-

degradation efficiency [11]. A significant effort has 

been made to develop supported semiconductors that 

demand a high effective surface area and respond to 

visible light just as simple removal and separation 

from water [12–16]. 

Among these supports, carbon nanotubes (CNTs), 

individuals from structural fullerene groups, have 

been incredibly crucial between the scientists were 

their first detection [17,18]. CNTs have a massive 

measure of the market potential in different fields 

such as microscopes, chemical, and biological 

sciences, nano-mechanics, electronics, and catalysis 

[19–22].  

CNTs synthesis attempts to generate some high-

temperature conditions straightforwardly on the 

situated material in a high-temperature range. 

Different synthesis methods were employed, 

including arc discharge [23], laser ablation [24], and 

several chemical vapor deposition forms (CVD) [25] 

give a wide range of approaches to yield CNTs. The 

CNTs manufacture via thermal method CVD 

(TCVD) is one of the most intriguing because of its 

capability to achieve enormous product amounts. 

Utilizing metal NPs as a nano-catalyst for TCVD is 

appealing because of the huge quantity of low-cost 

particles available and the weak concentrations of 

particles needed. Generally, the use of NPs is good 

for supplying a catalyst for the reaction of synthesis 

[26]. Due to the electrical conductivity of CNTs it 

can be present in both semiconducting and metallic 

phases that is connected to as a single or multi-wall. 

Furthermore, other aspects such as elasticity and 

strength help them to act as test tips for very high-

resolution scanning microscopy. In contrast to 

numerous adsorbents, CNTs are beneficial because of 

advanced mesopores, considerable π-π electrostatic 

bonds, and large surface areas  [27]. Besides, fitting 

the modification of CNTs could raise its surface 

functional groups, and create numerous open tubes by 

partially opening the end caps [28]. Ma and 

coworkers confirmed, for example, that alkali-

activated multi-walled carbon nanotubes have the 

super capacity to remove not only methyl orange 

(149 mg/g) but also methylene blue (399 mg/g) 

[29,30]. 

The present study was undertaken to synthesize 

multiwalled carbon nanotubes modified by Cu and, or 

Zn individually or combined as a nanocomposites 

material as Cu0.1Zn0.9O NPs. Characterization of the 

as-synthesized nanocomposites was carried out by 

XRD, N2 physisorption, TEM, FT-IR, UV reflectance 

analysis, and Raman spectroscopy.  

This work is aimed to study the photo-degradation of 

Congo red dye (CR) by utilizing the synthesized 

nanocomposites under visible light irradiation. 

2.   Experimental 

2.1.       Catalyst Preparation 

 

Multi-walled carbon nanotubes were (supplied 

from EPRI nano-center) [31]. 5% Ni/MgO was 

prepared as follows: In a typical synthesis, the 

desired quantity of the Ni(NO3)2·6H2O precursor 

(analytical reagent grades, Sigma–Aldrich) was 

dissolved inadequate amount of de-ionized water then 

added to the requisite amount of calcinated MgO 

support. Subsequently, the solution was stirred at 

ambient temperature for 1 h, followed by sonication 

for 10 min to obtain a homogenous slurry.  

Finally, this slurry was dried at 120 °C for 12 h 

before calcination at 600 °C for 4 h in air. The 

process of growing CNTs operated using a fixed-bed 

horizontal-flow reactor (quartz, length= 100 cm, and 

diameter= 1.5 cm). Typically, 0.5 g of catalyst was 

employed in the center of the reactor and then 

condensed in-situ to the metallic energetic phase via 

99.9% hydrogen at 700 °C for 1 h with a flow rate of 

50 sccm (standard cubic centimeter per minute). 

Extraordinary purity methane (99.995%) with a flow 

rate of 50 sccm was accompanied at the surface of the 

catalyst below atmospheric pressure for 

decomposition trials. After the experiment, the 

reactor was cooled down to room temperature under 

N2 flow of 100 cm3min-1. The obtained CNTs 

material has purity ˃ 95% and its diameter 20-40 nm.  

The pure CNTs material was then impregnated with 

Cu(NO3)2.3H2O and Zn(NO3)2. 6H2O to produce the 

monometallic 10 % CuO/CNT and 10% ZnO/CNT or 

the bimetallic 10% Cu-10% Zn/CNT catalyst. The 

catalyst was then dried at 100 °C and calcinated in 

the air at 250 °C for 4 h. The synthesized sample was 

denoted as CNT, Cu/CNT, Zn/CNT, and Cu-Zn/CNT 
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for the mother carbon nanotube, 20% Cu/CNT, 20% 

Zn/CNT, and 10% Cu-10% Zn/CNT, respectively. 

 

2.2.        Catalyst Characterization 

 

 X-ray diffraction (XRD) patterns were recorded on a 

Brucker AXS-D8 advanced X-ray using Cu–Kα 

radiation (λ= 1.5418 Å) and scanning the 2θ angle 

from 10 to 70 degrees (scanning speed: 0.4 

degrees/min). The average crystalline size, DXRD, was 

calculated from Scherer’s equation: 

 D = 0.9λ/ β cos θ, where λ is the wavelength of X-

ray radiation (λ= 1.5418 Å) β is the full peak width at 

half maximum (FWHM), and θ is the angle of 

diffraction. The surface area and pore volume of the 

solid materials were determined from N2 adsorption 

isotherms measured at -196 ° C using a NOVA 3200 

apparatus (Boynton Beach, FL, USA). The samples 

were initially out-gassed under vacuum (10-4 Torr) at 

°C for 24 h [32]. The accuracy in simulated isotherm 

curves exceeded 99.7%. Raman spectroscopy was 

performed at room temperature using SENTERRA 

Dispersive Raman Microscope (Bruker, Billerica, 

MA, USA) laser operating at a wavelength of 532 

nm, with a spectrum range between 500 and 2000 cm-

1. The average particle sizes as well as the 

morphology of all samples being monitored using a 

High-resolution Electron microscope (HRTEM, 

(JEOL) JEM 2100, 120 Kw, 600,000 magnifications, 

Japan) attached with (EDX) Oxford X-Max. 

Scanning electron microscopy (SEM, ZEISS at 25 

kV), FT-IR was used in the 4000−400 cm−1 range 

recorded at room temperature by PerkinElmer (model 

spectrum, USA). Samples were prepared using the 

standard KBr pellets. The UV-reflectance analysis of 

the prepared materials was developed through a UV-

spectrophotometer model V-570 manufactured by 

JASCO (Japan). The photoluminescence 

characteristics were determined at room temperature 

using a spectrofluorometer (JASCO FP-6500, Jasco 

International CO., Ltd., Tokyo, Japan) with an 

excitation wavelength set at λ=300 nm. 

 

2.3.      Photocatalytic Activity  

 

The photocatalytic efficiency of the synthesized 

materials based on CNTs was tested for Congo red 

dye (CR) photocatalytic treatment. Photo-degradation 

was performed in a cylindrical reactor (quartz) batch 

system with a constant stirring of 250 rpm, and 

aeration with an air bubble distributor (1 dm3/min) 

was acted at room temperature 25 ± 1 °C. A 100 mL 

of 25 mg/L dye solution contained 0.1gm of 

nanoparticles and was kept in the dark for 30 minutes 

for adsorption balance. The suspension was then 

irradiated with one Tungsten visible lamp (250W, 

λmax = 400 nm). 5 mL of the samples were collected 

and centrifuged during irradiation periods. The 

degradation was checked by the aid of the absorbance 

calculations at λmax= 496 nm, UV-Visible 

Spectrometer (JASCO V-630), Japan. 

  

3.    Results and Discussion 

3.1.       XRD 

 

Phase structures of all samples under this 

investigation are identified using X-ray analysis, 

demonstrated in Fig.1 (a & b). The mother (CNT) 

displays sharp peaks at 25.87° (002), 43.3° (110), and 

53.9° (004) according to (ASTM card No. 00-058-

1638), which related to multi-walled carbon 

nanotubes (MWCNTs), which had a graphitic like-

structure [33]. Similar diffraction lines are observed 

in all studied catalysts. For the Cu/CNT sample, it is 

noticed that two peaks represented at 2Ɵ of 35.49° 

(111) and 38.59° (002), which confirmed the 

existence of copper oxide phase (CuO) according to 

(ASTM card No. 00-041-0254). Sharp crystalline 

lines are detected in Zn/CNT sample, which appeared 

at 31.57° (100), 34.33° (002), 36.12° (101), 47.41° 

(102), 56.33° (110), 62.82° (103), and 67.73° (112) 

that ascribed to zinc oxide phase (ZnO) according to 

(ASTM card No. 00-005-0664) comparing all 

diffraction lines in the pattern of CuZn/CNT samples 

as illustrated in Fig.1. Their intensity was noticed 

because the polycrystalline phase was classified to 

each other. The diffraction lines appeared at 31.6o 

(100), 34.48o (002), 36.17o (101), 47.5o (102), 56.6o 

(110) and 62.93o (103), which related Cu0.1Zn0.9O 

nanocomposite according to (ASTM card No. 04-

019-3566) [34] . Also, peaks at 39.08o (100), 47.5o 

(102), 53.8o (004) which ascribed to Cu Zn alloy, 

which is related to Zhanghengite synthesis. 

Alternatively, the measured crystallite size of the 

mother CNTs was established to be 10.39 nm. The 

crystallite sizes of the CuO, ZnO, and Cu0.1Zn0.9 O 

loaded over pure CNT are higher than that of mother 

CNT, where it was 21.2 nm, 42.5 nm and 53.1 nm, 

respectively. 
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        Figure1a: XRD pattern of MWCNTs. 

 

 
Figure 1b: XRD pattern of CNT and Cu and Zn 

supported samples. 

 

3.2. Surface Area Measurement 

 

N2 adsorption-desorption of the mother CNTs and 

Cu/CNTs, Zn/CNTs, and the nanocomposites 

CuZn/CNTs catalyst samples are discussed in Fig. 2 

and Table 1. All isotherms are similar to CNTs (the 

mother sample) and classified to kind II according to 

IUPAC types [35–39]. 

The N2 was taken at minimal relative pressure P/Po, 

indicating the micropore filling from adsorbent-

adsorbate interaction and is distinct from the 

adsorption in micropore multilayer, which ascribed to 

the multilayer adsorption. Both the surface area and 

the total pore volume of the mother CNTs were found 

to be 247 m2/g and 0.569 cm3/g. The surface area of 

the metallic catalyst is decreased upon loading of the 

Cu and Zn or both of them because of the 

incorporation of the metal particles inside the inner 

pores of CNTs or at the tube's tips. Cu0.1Zn0.9O/CNT 

nanocomposite showed a higher surface area and 

total pore volume among common synthesized metal 

catalysts, which seemed to be 191 m2/g and 

0.687cm3/g. PSD curve of the MWCNTs possesses a 

micropore that centered at 1.8 nm in addition to a 

wide mesopore, which centered at 30 nm, which can 

be assigned for the inner diameter of CNTs. 

 

3.3. Raman Spectroscopy 

    

Fig.3 shows the Raman spectra at room temperature 

of CNT and CuZn/CNT catalysts. The spectrum 

shows the G- band at ̴ 1570 cm-1 it probably 

represents the expansion of all C-C pairs [40]. For the 

D band, a peak is detected at  ̴ 1340 cm-1; it  probably 

represent convolution of C hexagonal rings [41,42], 

and for 2D band at ̴ 2670 cm-1 resulted from double – 

resonance of the Raman procedure of [43,44]. They 

precisely attributed to graphene 7 crystalline. Also, 

at  ̴ 1610 cm-1, which identically assigned to the D-

band, is a disorder-activated double-resonance 

Raman characteristic, and it is an ideal of mixed 

graphite and  MWCNTs [45].   

(ID/IG) intensities rate peaks of the D- and G-band is 

perfectly applied to adjust the defect density, and its 

reverse (IG/ID) is occupied as graphitization index for 

CNTs; on the other hand, (I2D/IG), the intensities 

proportion peaks of 2D and G gives information 

about the elongated-range graphitic order [46]. 

The data explains that the CNT and CuZn/CNT 

samples have ID/IG close around 0.6 and 0.9, 

individually, which refers to a higher occurrence of a 

defect in the CuZn/CNT sample, so a reduced 

crystalline value. The I2D/IG data shows that (0.59 is 

for CNT) and (0.63 is for CuZn/CNT) [47].   
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Figure 2: N2 adsorption-desorption isotherm (a) and PSD curve (b) of the synthesized catalysts.  

 

Table 1: Structural & texture characterizations of the synthesized catalysts. 

 

Catalyst 
FWHM 

(deg) 

Grain 

Size 

(nm) 

Microstrain 

 

δ lines/ m2 

x 10-3 

 

SBET 

(m2/g) 

Vp 

(cm3/g) 

Dp 

(nm) 

CNT 0.8640 10.39 0.211 9.26 247 0.569 9.21 

CuO/CNT 0.4723 21.21 0.114 2.22 174 0.610 26.6 

ZnO/CNT 0.2755 42.49 0.066 55.38 148 0.519 13.9 

Cu0.1Zn0.9 O/CNT 0.2362 53.11 0.056 35.45 191 0.687 14.4 

 

 
Figure 3: Raman spectra of CNT and CuZn/CNT 

catalysts.  

 

3.4. TEM 

 

Fig.4 showed TEM micrographs of the mother CNT, 

Cu/CNTs, Zn/CNTs, and Cu0.1Zn0.9O/CNTs. TEM 

results revealed that all samples are multi-walled 

carbon nanotubes. It is noted that Cu and Zn metals 

are located at the surface of CNTs. This trend 

depicted that both metals are distributed at random on 

the catalysts' surface, resulting in variation in their 

average particle size. The dark parts in the pictures 

indicated that the metals are included at the tips of the 

tubes. Also, it indicated that the progress of the 

MWCNTs proceeds via the tip-growth mechanism. 

Fig.3b revealed that Cu metal in the Cu/CNTs 

catalyst sample exists at the surface and inside the 

tube, as evidenced by the tube dimensions' 

enlargement. It is seen that the Zn/CNTs have a 

homogenously uniform diameter as compared to the 

bare CNTs. Also, Bimetallic Cu-Zn/CNTs seemed to 

have a uniform diameter, and both metals are existing 

at the surface of the nanotube and the tips of the tube 

via the tip-growth mechanism. The approximated 

average particle size of CuO and Cu0.1Zn0.9 was 

found to be 24 and 55 nm, which runs in harmony 

with XRD results. 
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(a) 

 
(b) 

 
                (c) 

 

Figure 4: TEM micrographs of (a) CNT, (b) Cu/CNT, 

and (c) Cu-Zn/CNT catalyst samples. 

 

3.5. FT-IR  

 

Carbon nano-materials typically exhibit distinctive 

FT-IR absorptions based on their geometry and are 

very useful for carbon nano-material purity extents. 

FT-IR spectra were achieved within 400-4000 cm-1 

under ordinary conditions. Fig.5 shows FT-IR of 

mother carbon nanotubes and CuO and ZnO 

supported catalysts. The entire samples exhibit 

identical vibrational bands, and the broad peak 

noticed at 3400 cm-1 is assigned to OH stretching 

vibration of hydroxyl groups and absorbed water  

[9,10] [48–50].  

The peaks around 2910 and 2850 cm-1 of the samples 

appeared to be connected to CH2 asymmetric 

vibration and CH3 symmetric vibration, separately 

(Fig.5a). C-H stretching in aliphatic groups originates 

principally from groups of methyl and methylene 

bound to an aromatic group. The intensity of the peak 

at 2910 cm-1 is developed than that of the peak at 

2850 cm-1, which confirmed the existence of a long 

aliphatic chain in the mother carbon nanotube 

sample[12]. The peak at 1610 cm-1 of all samples is 

recognized to the C=C aromatic stretching vibration 

(G-band of graphite) [48], C = C Vinyl, and maybe 

because of other O-inclosing functional groups such 

as alcohol, phenols, carbonyls, ethers,  and carboxylic 

acid. Broadband observed at approximately 1200 

cm−1 is due to the carbon nano-composites presence, 

resulting from contributing the D-band of the FT-IR 

spectra of carbon nanocatalysts with defects. The 

peak that appeared at around 1570 cm−1 is found to 

be because of the hexagonal C=C bond, which exists 

in multi-walled carbon nanotubes (Fig.5).  

Zn/CNT catalysts showed intense peaks at 678 and 

465 cm-1 which related to the stretching vibration of 

Zn-O bonds. It is well-known that the highly intense 

peak at 465 cm-1 doesn’t notice in the IR spectrum of 

Cu0.1Zn0.9O/CNT nanocomposite. This indicated that 

ZnO does not exist freely on the catalyst surface and 

this confirmed the solid solution formation between 

Cu/Zn. It is noticed that the used CNT sample and 

other supported metallic catalysts are not 

significantly affected by the adsorption of Congo red 

dye. The main function groups are completely 

maintained in the used catalysts. 

 

 
 Figure 5: FT-IR of CNT, Cu/CNT, Zn/CNT, and      

CuZn/CNT catalyst samples. 

 

3.6. SEM 

 

SEM is considered a primary tool to characterize the 

surface morphology and fundamental physical 

properties of an adsorbent surface. It can be used for 

determining the particle shape, porosity, and particle 

size distribution of an adsorbent [51].  

SEM micrographs of the mother CNT, Cu/CNTs, 

Zn/CNTs, and Cu0.1Zn0.9O/CNTs were carried out by 

a scanning electron microscope (SEM ZEISS) and 

showed in Fig. 6. The SEM results confirmed the 

existence of multi-walled carbon nanotubes-based 

catalysts in all samples under this investigation. 

Fig.6b revealed that CuO particles are 

homogeneously coated on the surface of MWNTs 

and intimately attached to the MWNTs. It is also 

noticed that CuO nanoparticles are attached to the tip 

of MWNT which runs in harmony with the results 

collected from transmission electron microscope 

images [1], Fig.6c exhibited that the ZnO 
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nanoparticles were uniform in shape with a smooth 

surface and were incorporated into the surface of 

MWCNT [2]. 

It is seen that Cu0.1Zn0.9O/CNTs nanocomposites 

appeared as agglomerated particles with the grains 

poorly observed in the analysis scale as illustrated in 

Fig. 6d. From the SEM images, we inferred that the 

NPs were regularly shaped and the crystallite 

structure was uniformly arranged on the surface. The 

compositions of the utilized catalysts (CuO/CNT, 

ZnO/CNT) were displayed and the signals 

corresponding to Zn or Cu, C, and O appeared with 

their relative intensity as shown in Figures 7a and 7b. 

In addition, no impurities were identified in the EDX 

spectrum. These results indicated that complete 

nanocrystals were formed with sufficient doping 

concentration and the distributions of Zn or Cu were 

observed in the loaded catalyst was about 25 and 28 

%, respectively [3].  

Moreover, the EDX spectrum of the synthesized 

nanocomposite sample (Fig. 7c) ensured the 

existence of the expected elements such as Zn, Cu, O, 

and CNTs in the given composite. The highly intense 

peak corresponding to the elemental C has been 

detected through the examined structure which 

emphasized the presence of the CNT in the structure 

of the sample. EDX represented that the suggested 

formula of the tested nanocomposite exists based on 

the wt% of the examined structure as instrumentally 

calculated. 

 

 3.7. Catalyst Photoluminescence (P.L.) 

 

The ability of the material to promote photo-activated 

chemical reactions can also be documented by 

analyzing the photoluminescence of the sample.    

Fig. 8 shows the P.L. at room temperature of all 

samples with an excitation wavelength: λ = 300 nm. 

The major peak of luminescence appears at λ: 561 

nm. This is in the red region of the light spectrum, 

consistently with the observations of optical 

absorption.                                                              The 

electrons in the valence band move first to the 

conduction band, before being stabilized by the 

photo-emission. The P.L. intensity increases with 

increasing the number of emitted electrons resulting 

from the rapid recombination between excited 

electrons and holes, which, in turn, reduces the 

photo-activity of the catalyst. The wavelength of 

emission is directly correlated to the energy band-gap 

due to the recombination of a photo-generated hole 

with an electron occupying the oxygen vacancy 

[52,53]. 

The P.L. intensity of the ZnO catalyst was very low 

compared to other catalysts. This means that the 

recombination of h+ and e- at the surface of the 

catalyst is slower, and then the catalytic activity is 

enhanced [54]. The direct comparison is made 

difficult by different excitation wavelengths; 

however, the difference in the order of magnitude is 

sufficient to demonstrate the activity of ZnO 

nanoparticles. This probably means that the 

recombination of h+ and e- is slow; this will 

undoubtedly affect the photocatalytic activity of ZnO 

nanoparticles. 

 

3.8. Optical Properties 

 

The optical absorbance spectra of the parent carbon 

nanotube composite are represented in Fig. 9. All 

materials exhibited absorption bands within the 

visible area of the spectra. This is related to lowering 

the energy of the bandgap. The data was calculated 

from Tauc’s equation [55]. 

Α = (hv – Eg)1/2 / hν 

(α= absorption coefficient, A= sample absorbance, 

Eg= optical band gap, h= Planck’s constant, ν = 

photon frequency.)  

The bandgap value was calculated by generalizing 

the linear portion of (αhν)2 against hv to intercept 

with the hv axis as displayed in Figure 9. The figure 

shows the bandgap values are 2.46, 2.48, and 2.50 eV 

for Cu/CNT, Zn/CNT, and Cu-Zn/CNT 

nanocomposite. The low bandgap energy low energy 

will need to exit the semiconductor electron from the 

ground state to the exciting state providing more 

electron/ hole pairs and enhancing the photoactivity. 

The decline of bandgap energy means speed 

excitation of electrons from the lowest unoccupied.  
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(b) 

 

(c) 

 

(d) 

Figure 6: SEM micrographs of (a) CNT, (b) Cu/CNT 

(c)Zn/CNT and (d) Cu-Zn/CNT catalyst samples. 

 

 

 

 
(a) 

 

(b) 

 
(c ) 

 

Figure 7: EDX spectrum of the same SEM spots. 

molecular orbital to the highest occupied molecular 

orbital using low energy, which will provide more 

electron/positive hole pairs and increase the 

photocatalytic elimination of the dyes in the visible 

region [56]. 
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Figure 8: Photoluminescence spectrum of CNT, 

Cu/CNT, Zn/CNT, and CuZn/CNT catalyst samples 

(Room temperature; λexc: 300 nm). 

3.9. Photocatalytic Activity 

 

The catalytic-photo degradation tests of the CNT 

composites were achieved using Congo red dye (CR) 

under visible irradiation. Initially, the experiment was 

conducted in the dark for 60 minutes to reach the 

adsorption/desorption equilibrium [57]. 

Fig. 10 shows the degradation percent of dye utilizing 

only 0.1 g nanocomposites; the degradation 

efficiency increased gradually with rising irradiation 

time to 70 minutes at an initial dye concentration of 

25 mg/L. The degradation efficiency is coincident 

with the adsorption affinity of the composite [58]; for 

example, the degradation efficiency increased from 

89.2% to 92.9% to 97.7% using Cu-Zn/CNT, 

Cu/CNT, and Zn/CNT after 70 min under visible 

light. For Cu-Zn/CNT composite, 64.2% of 

degradation efficiency is related to adsorption, 

whereas, for Cu/CNT and Zn/CNT catalysts, 61.4% 

and 76.7% of the degradation is related to adsorption 

in the dark. In general, the as-prepared catalysts' 

photocatalytic activity is localized on many aspects 

like texture properties, bandgap energy, chemical 

structure, size, and the shape of the nano-materials 

composite, etc. Experimental conditions as irradiation 

time, operation parameters like pH solution, the 

catalyst's stability, and adsorption/desorption 

equilibrium onto the catalysts' surfaces. 

 In our study, the Zn/CNT composite shows the 

highest degradation efficiency among the prepared 

composites, irrespective of the low BET surface area. 

The Zn/CNT composite's photoactivity is related 

mainly to the high dislocation density value δ of 55.4, 

 

 

 

Figure 9:  Energy band gaps of (a) Cu/CNT (b) 

Zn/CNT and (c) Cu-Zn/CNT catalyst samples. 
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representing the number of defects and vacancies in 

the crystal lattice. Lattice deficiency is a consequence 

created during the synthesis route and thermal- and 

preparation-dependent products [59]. 

 Intrinsic point defects occur automatically in the 

lattice as vacancies, interstitials, and atomic 

impurities, commonly detected in doping materials. 

These defects may act like holes in active centers that 

depend on the growing photocatalytic activity. This 

result confirmed that the photoactivity is related 

mainly to the as-prepared composite's chemical 

structure, not texture one. 

 

 
Figure10. Photo-catalytic degradation of 25 ppm 

Congo red dye over Zn/CNT, Cu/CNT, and Cu-

Zn/CNT composites using 1 gm/l catalyst dose under 

visible light. 

 

The proposed mechanism could be inferred from the 

above results: if surface defect states occur, the 

electron or hole may be trapped, the recombination 

will be suppressed, and the oxidation-reduction rate 

may be increased. The broad defect populations were 

found in the ZnO/CNT sample. Many defects consist 

of robust band gap acceptor states that trap the holes 

and prevent recombination [60]. Various bands of 

defects facilitate the rate of separation of the electron-

hole pair [61]. The enhanced photocatalytic 

efficiency is derived primarily from the large number 

of acceptor states caused by ZnO defects. In addition 

to expanding the light absorption edge of visible 

light, the acceptor states also delay the rate of 

recombination of electron-hole pairs. It believes that 

both large numbers of defects and acceptor states are 

responsible for improving photocatalytic 

performance. The presence of ZnO defects serves as 

an electron acceptor or a hole donor to promote the 

position of the carrier charges and thus prolonged 

separation by trapping at energy levels close to the 

conductive or valence bands, respectively [62]. 

Photogenerated electrons (eCb
-) can also react with 

electron acceptors such as O2 adsorbed on the 

nanocomposite surface or dissolved in water, 

reducing it to radical anion O2
-superoxide. The 

photogenerated holes (hVb
+) will react to oxidizing 

them into OH radicals by oxidizing them with OH● or 

H2O. It is stated that the highly oxidizing species 

hydroxyl radicals (OH●), peroxide radicals (HO2
●), 

and superoxide radical anion O2
● are responsible for 

CR dye photodecomposition [58]. 

4.      Conclusion 

In this research work, multi-walled carbon nanotubes 

were prepared via chemical vapor synthesis (CVS). 

The mother CNTs were successfully modified by Cu 

and Zn (20% w/w) that loaded individually or 

combined together as nanocomposite structure 

Cu0.1Zn0.9O. The as-synthesized catalysts were 

examined in the photocatalytic degradation of Congo 

red dye under visible light irradiation. XRD results 

exhibited that the crystallinity of the mother CNTs 

was enhanced by introducing such metals under this 

investigation. The surface area of the Multi-walled 

CNT decreased upon loading of the Cu and Zn or 

their combined nanocomposite due to the 

incorporation of the metal particles inside the inner 

pores. The photocatalytic activity depicted that 

Zn/CNT composite shows the highest degradation 

efficiency among the prepared composites, which 

ascribed mainly to high dislocation density value δ of 

55.4, representing the number of defects vacancies in 

the crystal lattice. This result confirmed that the 

photoactivity is related mainly to the prepared 

composite's chemical arrangement, not textural 

characterizations one. 
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