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A B S T R A C T

Development of high responsive photocatalysts for the degradation of dye from water is a significance method to
solve the difficulties of water contamination. In the present project, Cr2O3 nanoparticles were decorated onto
cellulose through a facile synthesis method, which was exposed to characterization by XRD, FESEM, DLS, PL, and
UV–vis spectroscopy. The structural attributes confirmed the presence of rhombohedral phase of Cr2O3 nano-
particles. The mean crystal size of Cr2O3, and Cr2O3/cellulose nanocomposites were 38.50 nm, and 50.11 nm,
respectively. The band gap values (Eg) of Cr2O3, and Cr2O3/cellulose nanocomposites were was found 3.00, and
2.53 eV, respectively. Moreover, the morphological and optical studies have been showed the impressive pho-
tocatalytic properties of the prepared Cr2O3/cellulose nanocomposites. The photocatalytic efficiency of Cr2O3,
and Cr2O3/cellulose nanocomposites has been investigated for the photo-degradation of crystal violet in the
ultraviolet light region. The Cr2O3/cellulose indicated promising photocatalytic performance and up to 99.65%
of the crystal violet was photo-degraded in 40 min. The obtained crystal violet degradation results were fitted
onto a Langmuir-Hinshelwood (L-H) plot. The antioxidant performances of Cr2O3, and Cr2O3/cellulose were
analyzed. The beneficial antibacterial performance of the Cr2O3/cellulose nanocomposites was tested by various
bacteria as Escherichia coli, Pseudomonas aeruginosa, staphylococcus aurous, and Streptococcus pyogenes.

1. Introduction

The discharge of hazardous and toxic dye compounds from in-
dustrial activities into the water is the main problem of environmental
contamination, thus damaging the humans and ecosystem due to their
toxic properties [1]. The dye compounds are resistant against biode-
gradation due to their recalcitrant behavior and aromatic structures and
produce cancer, diseases, neurotoxicity, and respiratory difficult for
humans health [2]. They reduce the sunlight influence into the water
source and makes damages to ecosystem life [3]. Therefore, the pre-
sence of these dyes from industrial activities should be removed before
their release. Nowadays, there is a need to cost-effective water treat-
ment method for removal of dyes. Photocatalysis has showed as an
alternative method for the degradation of hazardous and toxic organic
compounds [4–9]. In photocatalytic system, the dye photo-degradation
reaction is performed in the presence of nano-catalysts under source
light irradiation [10]. In recent researches, the several nano

semiconductor oxide such as WO3, TiO2, Fe3O4, and ZnO were used as
photocatalyst for degradation of organic compounds [11–14].

Cr2O3 is a p-type semiconductor via wide band gap ≈ 3.0 eV. Cr2O3

has high chemical, thermal stability and eco-friendly properties. It is an
important semiconductor oxide that is applied in many technologies as
a catalyst [15]. Muzammil Anjum and et al. presented the new Cr2O3-
C3N4 catalyst for photocatalytic activity under visible light irradiation
[16]. M.A. Ahmed and et al. investigated the new method for synthesis
Cr2O3/TiO2 composites for degradation process [17]. Hadi Salari stu-
dies on preparation of Cr2O3/Fe2O3 nanocomposites for water treat-
ment reaction under visible light irradiation [18].Muhammad Aqeel
Ashraf and et al. illustrated the photo-degradation activity of new
Cr2O3/SiO2 catalyst for removal of organic compound [19]. Khoir-
akpam Kesho Singh and et al. analyzed the photochemical activity of
Fe3O4–Cr2O3 nanocomposites and applied in degradation reaction of
organochloride compound under ultraviolet irradiation [20].

Cellulose as biological polymer with conjugated structures can be
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reduce the band gap and increase the photocatalytic activity [21].
Recent papers have indicated that different metal oxide supported on
cellulose for photo-degradation system such as CeO2/cellulose, ZnO/
cellulose, TiO2/cellulose, and CuO/cellulose nanocomposites [22–26].

Thereupon, the Cr2O3/cellulose nanocomposites were synthesized.
The morphological and optical properties of the prepared catalysts were
characterized. The photocatalytic performance of the Cr2O3/cellulose
nanocomposites was studied using crystal violet (CV) dye. In addition,
the antibacterial and antioxidant performance of Cr2O3/cellulose na-
nocomposites was analyzed.

2. Material and Method

The chemical compounds in this project were procured from Merck
Co. with high analytical grade without further treatment.

2.1. Preparation of Cr2O3/Cellulose Nanocomposites

50 mL of CrCl3.6H2O (0.2 M) was augmented drop by drop in 50 mL
NaOH (0.1 M). After that, 30 mL of citric acid solution (0.01 M) was
slowly added into the above solution under vigorous stirring at 27 °C.
Then, an ultrasonic liquid processors (Hielscher UP-400S; 50/100 Hz)
immersed into the mixture solution for 1 h. The suspension was stirred
for 2 days at 60 °C. Finally, the product was washed and dried at 130 °C
for 5 h. The obtained product was calcined at 650 °C for 3 h.

One gram of cellulose powder was dispersed into 90 mL of sodium
metaperiodate solution (0.15 M). The suspension were stirred in the
dark at 27 °C. Then, 10 mL of PVP was augmented. The cellulose na-
nocrystals were freeze-dried and obtained. 0.3 g of Cr2O3 and 0.3 g of
cellulose were mixed in 60 mL of distilled water and stirred for 40 min.
2.5 mL of CH3COOH solution was added to prepared suspension and
stirred for 60 min. The pH was adjusted to about 7.0 by using potassium
hydroxide (0.05 M). The Cr2O3/Cellulose was separated and dried at
100 °C for 30 h.

2.2. Characterization Devices

The synthesized catalysts were characterized by X-ray diffraction
(XRD), scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDX), X-ray photoelectron spectroscopy (XPS) and
UV–vis spectroscopy. XRD pattern of the composites was recorded on X-
ray diffractometer (Philips X'Pert) using Cu Ka radiation. Field emission
scanning electron microscopy was performed using Tescan, Japan.
UV–visible diffusion spectra was recorded by using Perkin Elmer
UV–visible spectrophotometer. The particle size of the composite ma-
terials were analyzed by Dynamic light scattering (Nano Series
Malvern). Zeta potential of the dilute dispersions (0.1 mg/mL) were
performed with a Brookhaven NanoBrook Omni Instrument.

2.3. Photocatalytic Analysis

The photocatalytic activity of Cr2O3/Cellulose was studied by de-
grading the CR dye under UV light illumination. A fixed amount of
catalyst (0.1 g/L) was dispersed in 50 mL (10 mg/L) of CR dye solution.
The mixture was stirred for 30 min in dark in order to balance reaction.
The photo-degradation tests were carried out with UV light source
(25 W) and the average intensity was 3.0 mW.cm−2. After light irra-
diation, 3 mL of the analyte was separated from the reactor and filtered.
The residual concentration of CR dye was determined using UV–Vis
spectrophotometer (Shimadzu, UV-1900, λmax = 592 nm).

2.4. Antibacterial and Antioxidant Analysis

Examination of the antibacterial properties of the prepared nano-
materials on Escherichia coli, Pseudomonas aeruginosa, staphylococcus
aurous, and Streptococcus pyogenes by using agar-well diffusion method.

Nutrient agar plate's medium was used to this test with 80 μL of
106 CFU bacterial suspensions and 40 μL of solution containing the
prepared nano-materials (20 mg/mL). These plates were the incubated
at 37 °C for 15 h. The inhibition zone diameter was determined for
evaluation of antibacterial and antifungal performance.

The antioxidant activity was characterized by using 2,2-diphenyl-2-
picrylhydrazyl hydrate method. The solution of DPPH was prepared via
methanol. 1mL of this stock solution was added to 3mL of the prepared
catalyst solution. The mixture was stirred vigorously for 1 h at 27 °C.
Then the absorbance value was determined at 520nm by using a
UV–Vis spectrophotometer (Shimadzu, UV-1900).

Fig. 1. FESEM images of Cr2O3 nanoparticles (A), and Cr2O3/Cellulose nano-
composites (B).
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3. Results and Discussion

3.1. Characterization of Catalyst

The morphological data of Cr2O3 nanoparticles and Cr2O3/Cellulose
nanocomposites was studied by FESEM (Fig. 1). The pure Cr2O3 na-
noparticles had a sphere shape morphology with well- distributed and
homogeneous nanoparticle sizes. It could be seen FESEM of Cr2O3/
Cellulose nanocomposites, the Cr2O3 nanoparticles could also be well
attached to Cellulose, without changing the Cr2O3 nanoparticles mor-
phology. The EDX analysis of Cr2O3/Cellulose nanocomposites in-
dicated the elemental fraction as Chromium (Cr: 47.07%), Oxygen (O:
39.19%) and Carbon (C: 13.21%). The nanoparticle size distribution of
the Cr2O3 nanoparticles and Cr2O3/Cellulose nanocomposites were
determined by dynamic light scattering (DLS) analyzer and indicated in
Fig. 2A. The nanoparticle size distribution measured on the basis of
percent quantity of different sized value indicated the average size of
44.0 nm and 52.0 nm related to Cr2O3 nanoparticles and Cr2O3/Cel-
lulose nanocomposites, respectively. The Cr2O3 nanoparticles and
Cr2O3/Cellulose nanocomposites were characterized by Brunauer-Em-
mett-Teller (BET) method. Outcome indicated that the BET surface area
of Cr2O3 nanoparticles is 52.19 m2/g, which illustrated that the Cr2O3

nanoparticles has a medium surface area value. Fig. 2B and C indicated
the N2 isotherms of Cr2O3/Cellulose nanocomposites. BET surface area
of Cr2O3/Cellulose nanocomposites is 74.85 m2/g, which that higher
than Cr2O3 nanoparticles due to presence of Cellulose in hybrid com-
posites.

Crystallinity properties of Cr2O3 nanoparticles and Cr2O3/Cellulose
nanocomposites were analyzed by X-ray diffraction. Fig. 3 indicates
XRD curve of Cr2O3 nanoparticles. It indicated the diffraction peaks of
Cr2O3 crystal at 2θ = 25.6°, 33.1°, 35.9°, 41.8°, 49.7°, 55.5°, 63.1° and
64.8°, with phase plane (012), (110), (104), (113), (024), (116), (214)
and (300), related to the rhombohedral phase of Cr2O3 (JCPDS no.
38–1479) [20]. Fig. 4A indicates the XRD curve of Cr2O3/Cellulose and
the diffraction peak was observed at 2θ = 24.2° related to the presence
of cellulose in Cr2O3/Cellulose nanocomposites. The average crystal
size of Cr2O3 nanoparticles and Cr2O3/Cellulose nanocomposites was
calculated with Debye Scherer “D = kλ /β(Cosθ)” [26–29]. The crystal
sizes of Cr2O3 nanoparticles and Cr2O3/Cellulose nanocomposites were
38.50 nm, and 50.11 nm, respectively.

UV–Visible spectroscopy was studied to evaluate optical properties

Fig. 2. DLS plot (A), BET plots (B,C) of Cr2O3 nanoparticles (I), and Cr2O3/
Cellulose nanocomposites (II).

Fig. 3. XRD curves of Cr2O3 nanoparticles (A), and Cr2O3/Cellulose nano-
composites (B).
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of Cr2O3 nanoparticles and Cr2O3/Cellulose nanocomposites, shown in
Fig. 4. The band edge of Cr2O3 nanoparticles was observed, and in-
crease to higher wavelength range was found with the addition of
Cellulose. A red shift for band gap or the appearance of visible light
intensity was addition by the cellulose to metal oxide nanoparticles
[30,31]. The absorption spectra shift to a lower energy value with ad-
dition of carbon structure can be observed due to the charge-transfer
transition between the e− in the conduction and valence band of Cr2O3

[10]. The band gap values (Eg) was found from Kubelka-Munk formula
[32] as 3.00 and 2.53 eV for Cr2O3 nanoparticles and Cr2O3/Cellulose
nanocomposites, respectively.

3.2. Photocatalytic Activity

The photocatalytic performance of Cr2O3 nanoparticles and Cr2O3/
Cellulose nanocomposites were studied by degradation of CV under UV
light irradiation. The pathways formed in the photo-degradation reac-
tion are toxic and hazardous in environmental [33,34]. Hereupon, the
complete photo-degradation is significant for environmental treatment.
The change in degradation of CV in the presence of Cr2O3 nanoparticles
and Cr2O3/Cellulose nanocomposites is indicated in Fig. 5A, which
reflects the role of photo-catalysts in the degradation of CV. No

significance photo-degradation of CV was found in the absence of Cr2O3

nanoparticles and Cr2O3/Cellulose nanocomposites, illustrating that the
prepared catalysts and light are prerequisite for the photo-degradation
of CV. The removal of CV by using Cr2O3 nanoparticles and Cr2O3/
Cellulose nanocomposites was found 14.21 and 23.54% under dark
medium, respectively. In the presence of Cr2O3 nanoparticles and
Cr2O3/Cellulose nanocomposites, significance degradation was ob-
tained. Compared to pure nanoparticles and hybrid nanocomposites,
Cr2O3/Cellulose nanocomposites indicated better photo-degradation
performance against the removal of CV. It is distinguished that the
photocatalytic activity of Cr2O3/Cellulose nanocomposites enhances
with increasing the time up to 40 min, and the percentage of

Fig. 4. (A) UV–Vis spectrum, and (B) Kubelka-Munk curve of Cr2O3 nano-
particles (a), and Cr2O3/Cellulose nanocomposites (b).
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photocatalytic activity was 99.65% in during time.
The photocatalytic removal of CV is greatly affected by the solution

pH. The surface charge of catalyst, aggregation of catalyst depend on
the solution pH and it can influence on catalytic performance [35].
Therefore, the photo-degradation tests were performed at various pH of
solution from 4.0 to 10.0. The Zeta potential of Cr2O3 nanoparticles and
Cr2O3/Cellulose nanocomposites was carried out to explain the surface
dependent behavior of Cr2O3 nanoparticles and Cr2O3/Cellulose na-
nocomposites on the pH medium [10]. The Cr2O3 nanoparticles and
Cr2O3/Cellulose nanocomposites have point of zero charge (pHPZC) at
7.5, and 8.3, respectively (Fig. 5B). At pH values less than pHPZC, cat-
alyst has a positive charge, and, higher pH values, catalyst has a ne-
gative charge. The surface charge of crystal violet is positive. Therefore,
the optimum pH for high photo-degradation reaction is 10.0 (basic
media) (Fig. 5C) [10].

The nano-photocatalyst reusability were important to evaluate
catalyst behavior. Cr2O3 nanoparticles and Cr2O3/Cellulose nano-
composites were washed with several organic and deionized water,
after every run, to reuse it for a new run. The photocatalyst stability
study was tested for five-time and illustrated in Fig. 6A. The photo-
degradation activity of CV was reduced from 99.65% to 97.00% that it's
excellent reusability and stability.

Fig. 6B indicates that the photo-degradation of CV was adjusted to
the Langmuir–Hinshelwood analysis by plotting ln (Co/Ct) versus the
time (t) to find regression coefficients value (R2) [36]. The pseudo-first-
order rate constants, kapp, were calculated as 0.0245, and 0.0625 min−1

for Cr2O3 nanoparticles and Cr2O3/Cellulose nanocomposites, respec-
tively.

3.3. Antibacterial and Antioxidant Activities

Table 1 illustrates the zone of inhibition of the Cr2O3 nanoparticles
and Cr2O3/Cellulose nanocomposites. Cr2O3/Cellulose nanocomposites
indicated higher antibacterial behavior versus the bacterial species of E.
coli (15.13 ± 0.23 mm), P. aeruginosa (16.65 ± 0.34 mm), S. aurous
(22.31 ± 0.31 mm), and S. pyogenes (24.00 ± 0.13 mm). Well-dif-
fusion analysis was used to study the antibacterial performance
[37–39].

DPPH radical scavenging method was studied for explain of anti-
oxidant behavior of the Cr2O3 nanoparticles and Cr2O3/Cellulose na-
nocomposites. The antioxidant performance of prepared nano-materials
was distinguished spectrophotometrically. In its radical form, DPPH
concentration reduces versus reduction with antioxidant activity. The
radical scavenging progress of Cr2O3/Cellulose nanocomposites was
improved. A significance data was calculated at 150 μg/ml, which is
same as the ascorbic acid as control data (Fig. 7) [40,41].

4. Conclusion

In this study, novel catalysts as Cr2O3/Cellulose nanocomposites were
synthesized through the ultrasound-sol-gel approaches. The structural in-
formation of the synthesized catalyst were characterized, and the photo-
catalytic behavior were studied by degradation of CV dye. XRD curves
displayed that all prepared catalyst had great crystallinity. The formation
of Cr2O3 on cellulose don't change the crystal phase. The maximum CV
photo-degradation of 99.65% was found within 40 min of reaction at
pH 10, CV concentration of 10 mg/L and photo-catalyst dose of 0.1 g/L
under UV irradiation. The bactericidal and antioxidant behavior of the
prepared nano-catalyst was investigated and showed that the Cr2O3/
Cellulose nanocomposites has high bactericidal and antioxidant properties.
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Table 1
Diameter of zone of inhibition in (mm) for antibacterial test.

E. coli P. aeruginosa S. aureus S. pyogenes

Cr2O3 8.22 ± 0.05 9.98 ± 0.05 11.75 ± 0.53 13.42 ± 0.28
Cr2O3/Cellulose 15.13 ± 0.23 16.65 ± 0.34 22.31 ± 0.31 24.00 ± 0.13
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