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ABSTRACT. Three nanomaterials namely, zinc oxide (ZC), silver-doped zinc oxide (AZ) and multi-walled
carbon nanotubes coupled with silver doped zinc oxide nanocomposite (MWAZ) were synthesized, characterized
and employed for photo degradation of an organic pollutant, congo red (CR). The photocatalytic activity study
showed efficient degradation of CR upon irradiation with UV and visible light in the order of MWAZ > AZ > ZC
> Commercial ZnO (ZCO). Percentage photodegradation of 99% and a pseudo 1 order rate constant of 2.3 x 10
min' were achieved by MWAZ as a catalyst under visible light irradiation, implying photo-
sensitizing ability of MWCNTs and the capability of MWCNTSs to hinder recombination of photogenerated holes
and electrons. The control experiment in the dark condition gave only 7.9% of degradation efficiency and 5.56 x
10 min™' rate constant, implying the significant role of light source for catalytic degradation of CR.
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INTRODUCTION

Due to chemical industry and agricultural revolution of 21* century, wide varieties of organic
pollutants have been discharged into water systems. The eftluents from textile, chemical industries
and agricultural runoffs contain several kinds of synthetic dyestuffs, which are highly toxic,
environmentally unfriendly and harsh to aquatic life. Thus, it has been a great concern of the
society, governmental and non-governmental organizations for decades. Studies showed that
discharging a very small amount of dye into water is even highly visible and can affect aquatic life
and food webs due to the carcinogenic and mutagenic effects of synthetic dyes [1]. In addition to
the carcinogenic and mutagenic effects, synthetic dyes such as congo red (CR) (3,3’-([1,1°-
biphenyl]-4,4’-diyl)bis(4-aminonaphthalene-1-sulfonic acid) are known to cause an allergic
reaction and metabolized to benzidine, a human carcinogen [2]. Because of its aromatic structure,
CR has physico-chemical, thermal and optical stability and is difficult in biodegradation process
[3].

To remove water pollutants, conventional physico—chemical wastewater treatment methods
such as reverse osmosis, ion exchange, chemical precipitation and oxidation have been used for
decades. However, applying these technologies has its own drawbacks due to high-energy
consumptions, expensive synthetic resins and chemicals [4]. Hence, there need to be an easy,
inexpensive and energy efficient technology. Photocatalytic degradation of water pollutants using
ZnO appears to be the most interesting and has been a subject of research interest for
decomposition of toxic compounds such as detergents, dyes, and pesticides to non-hazardous
product. This is because ZnO-based semiconductors are inexpensive, non-toxic, have high surface
area and broad absorption spectra with high absorption coefficients [S5]. In addition to this, they
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exhibit tuneable properties, which can be modified by size reduction and doping, to afford facility
for multi electron transfer process and extend their use without substantial loss of photocatalytic
activity [6]. ZnO nanorods loaded on activated carbon (ZnO-NRs-AC) for adsorption of
Bromocresol Green (BCG), Eosin Y (EY), azo-dyes and heavy metal ions accelerated by
ultrasound was described [7, 8].

Following the development of improvement in optical properties of ZnO, researchers have
focused on hybrid materials of ZnO and carbon nanotubes (CNTs), due to unique internal
structure, high surface area, low mass density, remarkable chemical stability, and electronic
conductivity of CNTs [9]. Thus, CNTs enhance photosensitization behaviour of ZnO and hinders
the recombination of electrons and holes. Moreover, they have a large surface area, and can act as
a dispersing agent that prevents ZnO nanoparticles from agglomerating, which results in higher
active surface area for the resultant hybrid compared with the ZnO nanoparticles. Quite recently,
CNTs have been widely employed to enhance the photocatalytic activity of ZnO [9]. However,
using ZnO alone as photocatalyst has several drawbacks such as fast recombination rate of
photogenerated electron—hole pair, low quantum yield in the photocatalytic reactions in aqueous
solutions and photo corrosion which obstruct commercialization of the photocatalytic degradation
process [10]. Though various modification techniques are reported in the literature to overcome the
above problems, little was documented on multi walled carbon nanotubes (MWCNTSs) coupled
with metal doped zinc oxide [11-14]. Besides, the report made by these authors are different from
the present work in terms of the nature of precursors employed for the host crystal, the type of
precipitating agent employed, the radiation source (UV, Vis) or the order of manipulation of ZnO
in forming the composite. For example, Kim et al. [14] used impregnation of silver in the matrix of
MWCNTSs/ZnO composite. In the present work, we employed co-precipitation technique to grow
the silver-doped ZnO on the surface of MWCNTSs. The as-synthesized materials such as zinc oxide
(ZC), silver-doped zinc oxide (AZ) and multi-walled supported silver-doped zinc oxide (MWAZ)
were employed for photocatalytic degradation of an organic pollutant (congo red) up on
irradiation of UV and Visible light sources.

EXPERIMENTAL
Chemicals

Multi walled carbon nanotubes (Sigma-Aldrich >90% carbon basis, DxL 110-170 nm x 5-9 um),
zinc nitrate hexahydrate (Zn(NOs), 6H,0), >99.9%, from Shanghai), sodium carbonate Na,CO;,
>99%, Aldrich), ethanol (C,Hs;OH), 95%, Merck), silver nitrate (AgNO;, 99.8%, Unichem
Reagent), sulfuric acid (H,SO,, 98%, Mumbai, India), nitric acid (HNO;, 69%, Mumbai, India),
commercial zinc oxide (ZnO, min assay 99.0%, BDH, LR, England), methanol (CH;OH,
aluminum oxide (ALO;), phosphate buffer solution, 0.5 M H,SO, and congo red (CR)
[C3,HpoNgNa,O6S,; MW 696.66 g/mol); dye content 95%, absorption maximum 500 nm at pH 6.0)
were used.

Synthesis of nanomaterials

ZnO nanoparticles were synthesized by direct precipitation method. Zinc nitrate hexahydrate
[Zn(NO;),.6H,0] and sodium carbonate [Na,CO;] solutions were separately prepared by
dissolving 40.0 g of [Zn(NOs),.6H,0] and 33.0 g of Na,CO; in 100 mL of deionized water (DI
water). The [Zn(NOs;), 6H,O] solutions were slowly dropped into Na,CO; solution and the mixture
was stirred continuously for 2 h. The precipitate formed from the reaction between the two
solutions was allowed to settle down for 24 h, filtered with 0.2 um membrane filter (whatman) and
washed three times each with DI water and ethanol. The filtered/washed precipitate was dried at
100 °C to form the precursor for ZnO. The precursor thus obtained, after drying, was calcined at
300 °C for 24 h in programmable furnace to get the nanosized ZnO particles [6]. The product was
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labeled as (ZC). Ag doped ZnO was prepared by the following method [3]. In a typical synthesis,
5 mL of 0.18 M AgNO; solution was added into 5 g of calcined zinc oxide (ZC). The sample was
agitated and heated at 110 °C for 30 min. The powder was cooled at room temperature, calcined at
300 °C for 24 h and then grounded using agate mortar. The product obtained was labelled as silver-
doped zinc oxide (AZ). Zinc nitrate hexahydrate and sodium carbonate solutions were separately
prepared by dissolving 40.0 g of (Zn(NO;),.6H,0) and 33.0 g of Na,CO; in 100 mL of DI water.
The [Zn(NOs),.6H,0] solution was slowly dropped into Na,CO; solution and 5 mL of 0.18 M
AgNO; solution was added to the above solution, and 300 mg of purified MWCNTSs were added to
the solution. The mixture was stirred continuously for 2 h with magnetic stirrer. The precipitate
resulting from the reaction mixture was allowed to settle down and filtered with 0.2 um membrane
filter (Whatman) and washed three times with DI water and ethanol. The filtered/washed
precipitate was dried at 100 °C. After drying, it was calcined at 300 °C for 24 h to form
MWCNTs/Ag-ZnO nanocomposite. The product obtained was labeled as multi walled carbon
nanotubes/silver-doped zinc oxide (MWAZ).

Characterization of nanomaterials

The structures of the as-synthesized nanomaterials was examined by powder X-ray
diffraction (XRD) using X’Pert Pro PANalytical equipped with an X-ray source of a CuKa
radiation (wavelength of 0.15406 nm) at step scan rate of 0.02 (step time: ls; 20 range:
5.0-90.4°). Sizes of the ternary oxide particles were calculated by Debye Scherrer equation.
The morphology and particle size distribution of the solids were determined by scanning
electron microscopy (SEM) using a Hitachi TM1000 with EDX detector. UV-Vis absorption
was measured using SP65 spectrophotometer at a scanning range from 200-800 nm. FTIR
(Spectrum 65 FTIR (Perkin Elmer) instrument and measurements were performed with pressed
pellets (KBr) made using Paraffin as diluent. About 5 to 10 mg of sample was placed onto the face
of a KBr plate, a small drop of paraffin was added as a diluent.

Photocatalytic dye degradation study

Photocatalytic activities were studied toward degradation of CR under dark, visible light and
ultraviolet illumination. A 0.15 g of photocatalyst powder and 100 mL of aqueous solution of CR
(15 mg L") was taken into the reactor tube. The suspension was stirred in dark for 30 min to
obtain adsorption/desorption equilibrium before irradiating the dye in the reactor [15] (Xu, 2010).
The UV lamp (Philips) that predominantly emit at 354 nm with the definite power of 12 W, 230 V
and 50 Hz frequency was employed as UV source; and tungsten lamp (Torch) with 550 nm,
definite power of 40 W, 220 V, 0.18 A and 50 Hz frequency was employed as visible source, and
positioned parallel to the reactor. The distance between the top of reactor and lamp was 9 cm. A 10
mL of the sample was withdrawn every 20 min interval. The suspension was centrifuged at 3000
rpm for 5-7 min and filtered to remove the catalyst particles before measuring absorbance. The
absorbance of CR solution was determined at wavelength of 500 nm and the percentage
degradation of CR was calculated using equation 1 [16].

% Degrdation = ‘%A—_OAt x 100 ()

where A, is absorbance of dye at initial stage and A, is at a time “t”.

RESULTS AND DISCUSSION

The characteristic XRD patterns of nanomaterials are shown in Figure 1. The diffraction peaks at
scattering angles (20) around 30.50, 32.25, 35.45, 36.50, 50.10, 60.00 and 63.50 correspond to the
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reflection from (100), (002) (101) (102) (110) (103) and (112) crystal planes, respectively
suggesting wurtzite structure of ZnO [17]. The characteristic peaks in Figure 1 have broadened and
are in accordance with the zincite phase of ZnO, indicating the doped material does not influence
the crystalline structure [18]. Furthermore, it could be seen that the diffraction peaks are intensive,
implying a good crystalline nature of the as-synthesized ZnO product. The peaks, which appeared
in AZ and MWAZ, are somewhat broader than those for pure ZnO. This suggests that Ag and
MWCNT are incorporated into ZnO lattice, respectively. Diffraction peaks of ZnO (AW1) at 26
values of 31.66, 34.22, 36.25, 47.86, 56.51, 62.66, 66.37, 67.92 and 69.26 corresponding to the
crystal planes of (100), (002), (101), (102), (110), (103), (200), (112), and (201) confirm the
formation of hexagonal wurtzite structure of pure ZnO [96-900-4179]. The diffraction pattern of
Ag-ZnO (AW2) reveals the presence of all peaks attributed to hexagonal wurtzite structure of ZnO
above. No peak was attributable to silver perhaps due to small amount (<3%) of dopant introduced
into the ZnO matrix. However, additional peaks have been observed at 20 values between 6.93 and
28.70. The literature values indicate presence of several peaks in the range shown above
attributable to either Zn(OH), or ZnO [17].
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Figure 1. XRD patterns of ZnO (AW1), Ag-ZnO (AW2) and MWCNT/Ag-ZnO (AW3).

There has been a gap between time of characterization and photocatalytic study. The
characterization was done long after the photocatalytic study. Formation of Zn(OH), as the result
of such long term interaction between the ZnO powder and adsorbed external water might happen
or perhaps some of Zn(OH), might have not been converted to ZnO due to calcinations. On the
other hand, the XRD patterns of MWCNTs/Ag-ZnO(AW3) showed diffraction patterns
attributable to the host crystal ZnO [96-901-1663]. The additional diffraction peak observed at 20
value of 25.49 (002) could be accounted for the presence of MWCNTSs. Similar result has been
made by [19] for ZnO embedded MWCNTSs they synthesized. In the sample AW3, no peak was
attributable to silver as the result of small percentage (<3%) of the dopant employed in this study.
The average crystallite size of the as-synthesized photocatalysts can be calculated using the Debye-
Scherer equation [20]:

D= 292 @)

- BCos6

where D is the average crystallite size, A is the wavelength of the X-ray = 0.15406 nm for Cu target
Ko radiation, B is the full width of half-maximum (FWHM) in radian, and 6 is the Bragg
diffraction angle. The calculated average crystallite sizes (D) of the photocatalysts are given in
Table 1. Order of average crystallite size (D) of as-synthesized photocatalysts is: AZ < MWAZ <
ZC.
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Table 1. Average crystallite size (D) of as-synthesized photocatalyst.

Sample 20 (Degree) B (Radian) D (nm)

zC 36.601 0.0060 32.99

AZ 36.496 0.0046 25.27

MWAZ 36.503 0.0056 27.24
SEM-EDX analysis

The SEM micrographs for the MWCNTs/Ag-ZnO nanocompsoite exhibited aggregate of
nanoparticles with no distinct morphology Figure 2. The presence of silver is noted here as seen in
the EDX spectra of the nanocomposite. The percentage composition of zinc ranged from 87.3 to
91.5 and silver from 0.3 to 2.4 showing the relatively narrower composition of zinc and silver in
the nanocompsoite. A certain amount of sulphur was detected as an impurity possibly from the
residual sulfuric acid used to purify the MWCNTs.
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Figure 2. SEM-EDX micrographs of MWCNTs/Ag-ZnO nanocomposite.
UV-Vis analysis

UV-Vis absorption and FTIR spectra of nanomaterials is shown in Figure 3 and Table 2. The ZC
showed A, of 376 nm, corresponding to intrinsic absorption behavior of ZnO and it is in good
agreement with the reported result [21]. This peak is red shifted, as compared to the bulk exciton,
which is due to the size effect of the nanostructures. The AZ showed red shift in absorption
compared to ZC, may be due to creation of localized energy levels by doped Ag in the band gap of
ZnO [22]. The Amax of the catalyst MWAZ obviously shifted further to the visible region
compared to ZC and AZ, with intense visible-light absorption and broadening of the band. This
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can be attributed to the fact that MWCNTSs enhance photosensitization of zinc oxide nanoparticles
due to their larger surface area. Moreover, the presence of silver contributes the narrowing of band
gap of nanomaterial. Band gap energy (Eg) of the as-synthesized nanomaterials was obtained using
equation 3 [23].

1240

Eg(eV) = —— (€)

where, E, is band gap energy in electron volts and A is wavelength (nm) corresponding to
absorption maxima. The E, values of nanomaterials are shown in Table 2.

FTIR analysis

The FTIR spectra of ZnO (A), Ag-ZnO (B) and MWCNTs/Ag-ZnO (C) are shown in Figure 3a.
The peaks exhibited by the as-synthesized materials appeared to vary with the syntheses
methods employed. For example, we followed precipitation technique for the preparation of
ZnO and MWCNTs/Ag-ZnO. As the result, the peaks obtained are more or less similar. The
presence of peaks related to carboxylic [14] and carbonates [24] is evidenced in both cases. In
the synthesis of Ag-ZnO, we followed impregnation of silver nitrate on the as-synthesized ZnO
nanparticles. The calcination of this composite facilitated the removal of residual carbonates,
that might come from the ZnO precursor [Zn(CO;),(OH)s] [24] that might sustain during the
synthesis of ZnO nanoparticles. The peaks ranging from 3439 to 3449 cm™ may be due to O-H
stretching mode of adsorbed water molecules [25] and indicates the existence of small amount
of water adsorbed to the nanomaterials. The peak around 2924 cm™ and 2854 cm™' are assigned
to residual organic components with asymmetric and symmetric C-H stretch-mode frequencies,
respectively. The peak at 2492 cm™ and 2427 cm™ arises from the absorption of atmospheric
CO, on the metallic cations. The peak at 1775 cm™ and 1620 cm™' could be associated with the
bending vibrations of water molecules. Bands at 1441 cm™ and 1384 cm corresponds to
asymmetric stretching of C=0 bonds of the carboxylate ions which might remain adsorbed on
the surface of ZnO during calcination. The peak at 881 cm™, 837 cm™ and 701 ecm™ are due to
0O-C-O stretching vibrations of the monodentate carbonate species originated from CO,, which
may come from the carbonate salt adsorbed from the atmosphere. The peak appearing at about
438 cm™ is assigned to the metal - oxygen (Zn—O) stretching mode [26].

Photocatalytic degradation study

Under properly optimized condition against pH, initial dye concentration and photocatalyst load
values, the photocatalytic activities of nanomaterials were investigated for the degradation of
CR solution in the dark, under UV and visible radiation. The % adsorptions of CR was used as
reference as zero minute irradiations [27]. Plots of % adsorption as a function of time in the dark
and under UV irradiation are given in Figure 4. In the dark, only insignificant percentage
degradation of CR is observed for all nanomaterials with ZCO, ZC, AZ, and MWAZ %
degradation values 0of 4.2, 7.9, 3.6 and 7.9, respectively, after 180 min, indicating light has a role
in degradation process. However, up on irradiation with UV light source, the photocatalytic
activity of nanomaterials toward degradation of CR was enhanced, with the percentage
photodegradation of CR under UV irradiations after 180 min is 21.1, 55.7, 66.6, and 81.6 for
ZCO, ZC, AZ, and MWAZ, respectively.
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Figure 3. (a) UV-Visible absorption spectra of ZnO, Ag-ZnO, MWCNTs/Ag-ZnO (independent)
and combined and (b) FTIR spectra of ZnO (A), Ag-ZnO (B) and MWCNT/Ag-ZnO

©.

The photocatalytic degradation experiment of CR was also performed by irradiating with
visible light source as shown in Figure 5 with the percentage photodegradation values of 33.6,
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67.0, 77.4, and 98.7, for ZCO, ZC, AZ, and MWAZ, respectively. Interestingly, MWAZ showed
super catalytic activity and efficiency toward photodegradation of CR under visible light. The
origin of the difference in photocatalytic activity of the doped and undoped ZnO catalysts might
be explained as follows. Regardless of the magnetic and thermal properties, one can consider
that all photocatalyst materials are assumed to be comprised of mainly two interlinked parts: the
photosensitization part and the catalysis part [18]. The photosensitizing part is intrinsically
concerned with the interaction of the semiconducting materials with light, for example,
absorption of light, band gap, formation of electrons—holes, their dynamics and surface trapping,
whereas the catalysis part includes surface area, surface reactivity, radical formation and the
heterogeneous interaction of the chemical species with catalyst surface. More importantly, the
better the crystalline quality and the lower the band gap, the more improvement on the photo
part leading to the higher visible light reactivity of the catalysts. On the other hand, the higher
the surface area, the higher will be the reactivity. Fundamentally, photocatalysis is an interfacial
reaction and a higher specific surface area of the material, of course, produces a greater number
of accessible active sites, thereby yielding an enhanced reactivity. Moreover, the photocatalytic
activity of any semiconductor photocatalyst is, in fact, the result of a compromise and
combination of these two structural parameters. Keeping this principle in mind, among
photocatalysts studied, ZCO is found to have lowest photoactivity under both UV and visible
irradiations.

Table 2. Absorbance, wavelengths and band gaps energies of as-synthesized photo-catalysts.

Samples Absorbance Absorption maxima (nm) Band gap (Eg) (eV)
ZC 1.25 376 3.29
AZ 1.05 420 2.95
MWAZ 1.34 510 243
s §
& g
] 30 60 90 - 120 150 180 0 30 60 %0 120 150 180
a) Time (min) b) Time (min)

Figure 4. Percentage degradation of CR vs time a) in the dark; b) under UV irradiation with
photocatalyst loading of 150 mg L™, pH = 6 and initial dye concentration = 15 mg L™).

This may be due to its small specific surface area or higher band gap. AZ shows higher
photocatalytic activity than ZC under both visible and UV light irradiations. This may be due to
the ability of Ag to trap electrons from CB [28]. This process reduces the ¢ and h'
recombination at ZnO surface. Therefore, a more effective electron and hole transfer occurs to
the electron acceptors and electron donors, respectively adsorbed on the surface of the particle
than in the case of ZC. Another possible reason for the better photocatalytic activity of AZ is
that doping of silver leads to red shift by narrowing the band gap energy in the visible region
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(Table 2), which in turn enhances its photocatalytic activity [12-14]. Photocatalytic efficiency is
a function of oxygen vacancies and defects in ZnO. These vacancies and defects inhibit the e-h"
recombination process by capturing photo-induced electrons and holes and hence improve
photoactivity. Moreover, oxygen vacancies also promote the adsorption of O, which is
converted into superoxide radicals ("O,") by interacting with photo-induced electron. These ‘O,
radicals are active to promote the oxidation of organic substances by forming other radicals such
as ‘OH and HO, [27]. In case of AZ under UV irradiations, silver can entrap the photo-
generated electrons thereby decreasing probability of electron hole recombination, and hence
increase photocatalytic activity [29]. The photocatalytic activity of MWAZ is large compared to
other as-synthesized photocatalysts under study in both UV and visible irradiations. This is due
to synergetic effect of electron trapping by Ag doping and the ability of MWCNTSs as
photosensitizers for semiconductor ZnO, Moreover, due to their large surface area MWCNT
could serve as a dispersing agent [14] preventing ZnO nanoparticles from agglomeration,
resulting in higher active surface area of the nanocomposite catalyst compared with the ZnO
nanoparticles. As a result, the photocatalytic degradation of the CR is widely enhanced [9].
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Figure 5. % degradation of CR vs time a) visible; b) for MWAZ under visible irradiation vs dark
with photocatalyst load =150 mg L™, pH = 6 and initial dye concentration =15 mg L™).

Photocatalytic mechanism

The mechanistic approach for photodegradation of CR by as-synthesized nanomaterials is
proposed based on literature reports and the observed photocatalytic activity differences among the
photocatalysts. In basic terminology, the enhancement in photocatalytic activity is attributed to the
outstanding electrical property of MWCNTs and the defects in the ZnO crystals caused by Ag-
doping [12]. When silver replaces the zinc site of ZnO lattice or inserts into the Zn interstitial, the
lattice of ZnO is distorted and forms oxygen vacancies and zinc vacancies, resulting in creating
intermediate energy gap in ZnO crystal [12]. The intermediate energy gap can promote the
absorption of photons and create electron-hole pairs. Under light irradiation, the electrons (¢") in
the valence band (VB) of ZnO are excited to the conduction band (CB), leaving holes (h") in the
VB. MWCNTs have a large electron-storage capacity (one electron for every 32 carbon atoms)
[30], and it is easy to capture photogenerated electrons (e) from the CB of ZnO, hindering the
recombination of electron-hole pairs. The photogenerated holes (h") can migrate to the ZnO
surface easily, and directly oxidize the adsorbed CR into CO, and H,O. Simultaneously, more
photogenerated holes can react with adsorbed water to form hydroxyl radical (HO'), which is
available to promote the decomposition of CR. Furthermore, the oxygen adsorbed on the surface of
ZnO may accept ¢ and form O”,, which also leads to the formation of HO, resulting in degrading
the CR. The mechanistic process of electron transport in MWCNTs/ZnO hybrids and
photocatalytic degradation are shown in Figure 6a.
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Figure 6. (a) The complete scheme of electron transfer in MWNTs/Ag-ZnO hybrid and (b) plot
of In (C,/C,) vs time for photocatalytic degradation of CR using photocatalysts under
visible irradiation.

Kinetic studies of photocatalytic degradation of CR without irradiation and its photocatalytic
degradation under UV and visible irradiations follows pseudo first-order reaction kinetics
expressed by the equation:

In2=kt “4)

where k is the reaction rate constant, C, is the initial concentration of aqueous CR, and C;is the
concentration of aqueous CR at the reaction time t. The InC,/C, as a function of time (t) is shown in
Figures 6b. The adsorption rate constants for CR using ZCO, ZC, AZ, MWAZ (without
irradiation) are: 2.28 x 10, 4.28 x 10, 2.01 x 10™, and 5.56 x 10™* min™, respectively. The rate
constants for degradation of CR, under UV irradiations, using ZCO, ZC, AZ, MWAZ
photocatalysts are: 1.42 x 102,3.96x 107, 5.47x 107, 6.54 x 10” min™', respectively, while under
visible irradiation these values are: 2.15 x 107, 4.72 x 107, 8.08 x 107, 23.64 x 10° min’,
respectively. In general, a fairly good correlation to the pseudo-first order reaction kinetics (R2 >
0.912) was observed in the present work.

CONCLUSION

The ZnO, Ag-doped ZnO, MWCNTs/Ag-doped ZnO were synthesized and characterized using
X-ray diffraction (XRD), scanning electron microscopy (SEM-EDX), FTIR and UV-Vis
spectrophotometer. The XRD results indicate that all the compositions of nanomaterials give
pure hexagonal wurtzite crystalline structure. The optical band gap calculated using UV-visible
absorption spectra was decreased from 3.29 to 2.43 eV. The MWCNTs/Ag-ZnO nanocomposite
showed enhanced photocatalytic degradation of CR due to the electronic interaction of the
carbon nanotubes and the metal oxide nanoparticles by transfer of electrons from the metal to
the carbon nanotubes surface. The order of photocatalytic efficiency without radiation is:
MWAZ > ZC > ZCO > AZ whereas it is found that MWAZ > AZ > ZC > ZCO under both UV
and visible irradiation. The percentage photodegradation of 99% and a pseudo 1st order rate
constant of 2.3 x 10” min™' is achieved by MWAZ as a catalyst under visible light irradiation.
The control experiment in the dark condition gave only 7.9% of degradation efficiency and 5.56
x 10™* min- rate constant, implying the significant role of light source for catalytic degradation
of CR.
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