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Abstract: Wastewater treatment from industrial effluents is a global problem. Searching for
environmentally safe and green technology is in the utmost interest of the scientific community.
Especially organic pollutants, due to their difficulty to biodegrade, have posed a problem to human
health and the aquatic environment. Hence, we reported plant extract-mediated synthesis of zinc oxide
nanoparticles (ZnO NPs) in this study for photocatalytic degradation of methylene blue (MB) under
sunlight irradiation. Echinops kebericho root extract was used as a reducing and stabilizing agent during
the synthesis of ZnO NPs. The presence of phenolics, tannins, flavonoids, terpenoids, and alkaloids was
qualitatively confirmed in the aqueous root extract of the plant under study. These secondary
metabolites have a high potential in facilitating capping and stabilizing effects on the formation of ZnO
nanostructures. Powder X-ray diffraction (XRD) and Fourier transform infrared (FT-IR) spectroscopy
were used to characterize the crystal structure and chemical bond of ZnO NPs, respectively. The XRD
patterns showed the formation of pure phase hexagonal wurtzite ZnO NPs with an average crystal size
of 14.67 nm. The photocatalytic degradation efficiency of ZnO NPs (80 mg) to remove 10 mg/L of MB
dye was found to be 92.2% at pH=10 and 120 min contact time under direct sunlight irradiation.
Therefore, ZnO NPs synthesized using E.kebericho were potential photocatalysts for the degradation
of MB from wastewater for at least three cycles.
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1. Introduction

Dumping a lot of solid waste and discharging wastewater to rivers, lakes, and oceans
are day-to-day activities of the textile, paper, cosmetic, rubber, food, and leather industries [1-
5]. More than 100 tons of dyes per year are released into water bodies from the industries, and
this wastewater has brought a huge threat to the environment and human health [1,3-5].
Allergy, skin diseases, mutation, and cancer are anxious health problems imparted by dye
contaminated water. Moreover, such wastewater is harmful to the kidneys, liver, brain, and
central nervous system [1-3]. The dyes in the water system shield the penetration of light, which
slows down photosynthesis in aquatic life [1-3]. Methylene blue (MB) is a cationic industrial
dye commonly used in textile factories. It is harmful to human health and marine organisms
because of its toxicity [6-8]. MB is environmentally stable and causes difficulty in sewage
treatment [6-10]. Hence, removing MB to or below the permissible limit is highly desirable.
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Adsorption [7,8], Fenton-like degradation [11], flocculation [1], and photocatalytic
degradation processes [4-5,12-19] are widely used for the abatement of dye pollutants.

The photocatalytic degradation process takes substantial interest due to its potential to
mineralize the organic compounds without leaving any unwanted residue. Recently, utilizing
semiconductor nanostructured metal oxide materials for environmental application has shown
a promising technology [1]. On account of unique optical, electronic, mechanical, magnetic,
and chemical properties from the bulk counterparts, inorganic metal oxide nanoparticles make
them the subject of current research [10,12-20]. These special properties are attributed to their
small crystal size and large surface area [13]. ZnO has a direct wide bandgap of about 3.3 eV
and photo-corrosion stability, and it has great potential for applications in biosensors,
cosmetics, pharmaceuticals, and photocatalysis [1,2,12-19]. Moreover, ZnO NPs have been
reported as suitable photocatalysts for the degradation of organic dyes [20,21].

Synthesis of ZnO NPs can be achieved by numerous chemical methods such as sol-gel
processing, precipitation, mechanical milling, organometallic synthesis, microwave, spray
pyrolysis, and thermal evaporation [11-12,21]. However, these chemical techniques often use
highly reactive and environmentally harmful organic solvents and toxic reducing agents [1,21].
Hence, the synthesis of ZnO NPs via the green method is vital for its practical application. In
this regard, due to their low cost, sustainability, efficiency, and less or no toxicity, plant extract
have been widely used for the synthesis of ZnO NPs [1,5,6,20,21]. To the best of our
knowledge, there is no reported data on E. kebericho root extract-assisted synthesis of ZnO
NPs for photocatalytic degradation of MB.

In this work, facile green synthesis of ZnO NPs using aqueous root extract of an
endemic medicinal plant, E. kebericho (Family Asteraceae), for photocatalytic degradation of
MB dye is reported. E. kebericho is traditionally used to treat infectious and non-infectious
diseases such as fever, headache, stomachache, malaria, and cough in the community [23-25].
Plant extracts containing metabolites with hydroxyl and carboxyl functional groups react
electrostatically with metal ions to prevent the crystal growth of ZnO [1,6,20,26]. XRD and
FTIR techniques were used to characterize the synthesized ZnO NPs, and the photocatalytic
activity was evaluated by degradation of MB under sunlight irradiation.

2. Materials and Methods

2.1. Materials.

Analytical grade zinc acetate dihydrate powder ((CH3CO0O).Zn.2H,0 (99.5%)),
sodium hydroxide pellets (NaOH, 99.8%), methylene blue (C16H1sCIN3S) (Loba Chemie Pvt.
Ltd, India) were used in this work without further purification. Double distilled water was used
throughout the whole experiment.

2.2. Preparation of aqueous extract and phytochemical screening test.

Fresh roots of E. kebericho collected from North Showa Zone, Menz geya district
(Kebele 2), Amhara Regional State, Ethiopia, were rinsed with tap water followed by double-
distilled water and dried in the shade for two weeks at room temperature. The dried roots were
ground and packed in plastic bags until use. Twenty grams of roots powder (20 %) of E.
kebericho was boiled in double distilled water at 60 °C for 30 min. The aqueous extract was
then cooled and filtered with Whatman No 1 filter paper and stored at 4 °C for further use.
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Qualitative phytochemical analysis of E. kebericho root extract was made following
known protocols [27]. Terpenoids such as dehydrocostus lactone and costunolide were isolated
from the solvent root extract as main components, although no report of their presence in the
aqueous extract [25].

2.3. Synthesis of ZnO NPs.

A facile and friendly precipitation method was used to synthesize ZnO NPs in the
presence of an aqueous root extract of E. kebericho. In particular, 0.5 g of Zn(CH3C0O0O),.2H,0
(0.019 M) and about 100 mL of aqueous root extract (20 %) were mixed gently in 250 mL
round-bottomed flask under reflux condenser at 60 °C for 1 h. The pH of the solution was
adjusted to pH=10 using 0.01 M NaOH. The resulting solution was centrifuged at 15,000 rpm
for 10 min and washed with double distilled water until getting a pale white precipitate. The
precipitate was then dried in the oven to remove adsorbed water at 100°C for 4 h. The role of
the plant extract on the crystal structure of ZnO NPs was investigated using different extract
concentrations at the tested reaction conditions: constant pH (10), reaction time (1 h), precursor
amount (0.019 M, 50 mL), and temperature (60 °C).

2.4. Characterization of ZnO NPs.

The crystal structure and phase of ZnO NPs were investigated using a powder X-ray
diffractometer (Shimadzu Corporation (Japan), XRD-7000) at the operating voltage of 40.0 kV
and 30 mA, with a Cu- Ko (A= 1.54056 A) radiation with 20 ranging from 10-80°. The average
crystallite size of the as-synthesized nanoparticles was determined from the band broadening
of the XRD patterns according to Scherer’s equation (1) [1,28,29].

kA

Where: D is crystallite size, k is Scherer constant, A is the X-ray source wavelength
equals0.15406 nm, B is the full width half maximum intensity (FWHM) in radians, and 6 is the
half diffraction (Bragg’s) angle.

FT-IR spectra of aqueous extract of E. kebericho root and plant-mediated ZnO NPs
were recorded using Perkin Elmer FT-IR spectrometer in the range 400-4000 cm™ in KBr pellet
method to identify the functional groups present in the extract and ZnO NPs [28].

2.4.1. Point of Zero Charge.

The pH of point zero charges (pHpzc) of ZnO NPs was determined using the salt
addition method to examine the surface charge as a function of pH where sodium chloride
solution (30 mL, 0.01 M) was placed in 100 mL Erlenmeyer flask. The pH was then adjusted
to initial pH values (2, 4, 6, 8, and 10) by either NaOH or HCI (0.01 M). A 0.025 g of ZnO NPs
was added to 30 mL of initial concentration for a contact time of 24 h on a rotary shaker. The
final pH was then measured, and ApH was calculated by the formula pHfinai-pHinitia. The pHpzc
is obtained from the plot of initial pH vs. ApH [11,22].

https://nanobioletters.com/ 30f17


https://doi.org/10.33263/LIANBS123.072
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS123.072

2.5. Photocatalytic degradation of MB dye.

The photocatalytic potential of ZnO NPs was evaluated from the degradation of MB in
the presence of solar light in an open system containing 30 mL of MB solution of different
concentrations at room temperature (1,12,10-19). The absorption maxima of MB solution were
recorded using a UV-Vis spectrophotometer scanned at Amax=664 nm. Stirring was maintained
to keep the mixture in suspension during photodegradation. The photocatalytic degradation
potential of the reaction was investigated as a function of solution pH, contact time, catalyst
dose, and initial MB concentration (as shown below), where the degradation efficiency of the
process concerning each parameter was calculated by Eq. 2 [1,11].

To evaluate the effect of pH, different pH values (2, 4, 6, 8, 10) of solutions were
adjusted by adding 0.01 M HCI or NaOH, and 0.025 g of the ZnO was added to 30 mL initial
concentration of MB for a contact time of 4 h on a rotary shaker. To evaluate the effect of
contact time, the experiment was conducted at 0, 30, 60, 90, 120, 150 min using 30mL of MB
solution and 0.05 g of ZnO NPs. The effect of catalyst dose on degradation efficiency of MB
by ZnO NPs was investigated using a dose of 20, 40, 60, 80, 100, and 120 mg in 30 mL of MB
within the optimum contact time. The effect of 30 mL initial concentration of MB dye solution
on its degradation was studied by varying the concentrations as 5, 10, 15, and 20 mg/L keeping
ZnO NPs load (80 mg) constant for 2 h.

Degradation(%) =%x100= %xmo ................... Eq. 2

Where: Co (mg/L) is the initial concentration of MB, C: (mg/L) is the concentration of MB after
photodegradation at time t, Ao is the initial absorbance of MB, Ay is the absorbance of MB after
photodegradation at a time t.

2.6. Degradation kinetics.

The first-order degradation kinetics model was employed to investigate the plausible
photocatalytic degradation mechanism of ZnO NPs synthesized by E.kebericho aqueous root
extract.

3. Results and Discussion

3.1. Phytochemical analysis and synthesis mechanism.

Quialitative chemical analysis of phytoconstituents present in the aqueous root extract
of E. kebericho showed the presence of phenols, tannins, flavonoids, terpenoids, and alkaloids
(Table 1). Previous reports show the presence of flavonoids, alkaloids, tannins, resins,
saponins, and terpenoids [23-25].

Table 1. Phytochemical screening test of aqueous root extract of E. kebericho.

No Phytochemicals Reagent added Presence/absence
1 Phenolics Ferric chloride +

2 Tannin Ferric chloride +

3 Flavonoids Ammonia and sulphuric acid +

4 Alkaloids Wagner’s reagent +

5 Terpenoids Chloroform and H2SO4 +

6 Saponins Distilled water -

7 Steroids Acetic acid anhydride

(+) = presence, (-) = absent
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In addition to chemical tests, the FT-IR spectrum showed the presence of polar
functional groups, which are predominately responsible for electrostatic interaction during
nanoparticle formation. Plant metabolites with phenolic groups such as flavonoids and tannins
are possibly involved in forming ZnO NPs as capping and stabilizing agents, as shown in the
plausible mechanism elsewhere, without producing environmentally toxic chemicals [1]. This
ZnO nanomaterial synthesized upon experimental conditions was characterized using
analytical techniques to check its purity, size, and functionalization.

3.2. Powder X-ray Diffraction (XRD) analysis.

The powdered-XRD patterns of synthesized ZnO NPs at different concentrations of
plant extract were investigated (Fig. 1) for their phase purity and crystallinity. The diffraction
peaks of ZnO NPs synthesized using 1% (v/v) plant extract were positioned at 20 of 31.77°,
32.70°, 34.43°, 36.26°, 37.31°, 46.86°, 47.54°, 55.80°, 56.59°, 57.14°, 62.26° corresponding
to (100), (002), (101), (102), (110), (103), (200), (112), (201), (004), (202) diffraction planes,
respectively (JCPDS: 01-0890511) [30].

= 2theta=36.2654
S FWHM=04944
" C.Size =17.66nm

- 2theta=36.2809
FWHM=0.5753
C.Size =15.18nm

002

100

2theta=36.2661

FWHM=0.6635
s C.Size =13.07nm

A A AN

JCPDS: 01-089-0511
| 1 ||I I

% 2 30 40 5 60 70 80
20 (degree)
Figure 1. XRD pattern of ZnO NPs synthesized using 1% (A), 2% (B) and 3 % (C) E. kebericho aqueous
extracts.

The results of XRD patterns of the synthesized ZnO NPs corresponded well with that
of the standard ZnO with a hexagonal wurtzite crystal structure (Fig. 1). The resulting average
crystallite size of the three as-synthesized ZnO NPs prepared using 1%, 2%, and 3% plant
extract were 19.66 nm, 17.17 nm, and 14.67 nm, respectively (Table 2). This crystallite size
reduction from 19.66 nm to 14.67 nm suggests the involvement of phytochemicals of E.
kebericho root extract in the synthesis of ZnO NPs as good capping and stabilizing agents. The
average crystallite size of ZnO NPs computed (Eq.1) from the most intense peak corresponding
to (101) plane located at 36.26° was estimated to be 17.66 nm, 15.18 nm, and 13.07 nm for A,
B, C, respectively (Fig. 1, Table 2). This implies that hampering successful crystal growth was
significant at higher extract concentrations to affect small-sized nanoparticles of crystalline

structure.

Intensity(a.u)
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Table 2. Geometric parameters of ZnO NPs synthesized in different extract concentrations.

A (1%)
20 (deg) Lnkl d-spacing FWHM Intensity I/I, | D (nm)
36.2654 100 2.4751 0.4944 100 17.66
34.4327 002 2.6025 0.3663 69 23.72
31.7766 101 2.8137 0.4905 59 17.6
Average crystallite size 19.66
B (2%)
20 (deg) Lnkl d-spacing FWHM Intensity I/I, | D (nm)
36.2809 100 2.4740 0.5753 100 15.18
34.4470 002 2.6014 0.4001 71 21.72
31.7918 101 2.8124 0.5900 59 14.62
Average crystallite size 17.17
C (3%)
206 (deg) Lnkl d-spacing FWHM Intensity I/I, | D (nm)
36.2661 100 2.4750 0.6685 100 13.07
34.4235 002 2.6032 0.4716 77 18.43
31.7746 101 2.8139 0.6896 59 12.52
Average crystallite size 14.67

3.3. FT-IR analysis.

FT-IR analysis was carried out to identify the functional groups present in the aqueous
root extract of E. kebericho, and functional groups take part in ZnO nanostructure formation.
The FT-IR data of the extract (Fig 2) showed various vibrational peaks at 3390, 2980, 2100,
1640, 1460, 1052, 875, and 709 cm™. The peak at 3390 cm™ is assignable to hydrogen-bonded
OH stretching of alcohol or phenol groups [1,28], and the phenolic OH is reportedly potently
involved in ZnO NPs formation by reducing its crystallite size through capping and stabilizing
effect. The absorption peak at 2980 cm™ is due to C-H stretching vibration, and that of 2100
cm? ascribed to stretching vibration of C=C, maybe due to acetylenes from the plant extract
[31]. The band at 1052 cm™ is attributed to the C-C stretching of alcohols, carboxylic acids,
esters, and ethers. The bands at 1640 cm™ result from the O-H bending of absorbed water.
Vibrational signals at 875 and 709 cm™ were probably due to O-H bending from the plant

extract.
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Figure 2. FT-IR spectrum of aqueous root extract of E. kebericho.
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The FT-IR spectrum of E. kebericho root extract mediated ZnO NPs synthesized with
1% (5 ml), 2 % (10 ml), and 3 % (15 ml) root extract were shown in Fig 4A,B,C, respectively.
A slight shift of absorption bands observed in FT-IR spectrum of aqueous root extract of E.
kebericho (Fig. 2) was witnessed in FT-IR spectrum of plant-based ZnO NPs (Fig. 3). The
absorption bands observed at 3393/3386 cm™ is due to the shifting of OH stretching vibration
of alcohols/phenols. This change of absorption frequency revealed the involvement of the OH
functional groups of the metabolites in capping and stabilizing the nanoparticles by
surrounding ZnO NPs during synthesis. The newly observed FT-IR peak at about
530-555 cm™ was attributed to Zn-O stretching frequency, which indicates the formation of
Zn0O structure.

CE% / o8\ M 906350
N & 1631 /1048
33g7 2923 ‘ —
B (@%) 542
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<2921 L1411 042
A - ~3386 1 1630 sl
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Figure 3. FT-IR spectrum of ZnO NPs synthesized using 1% (5ml) (A), 2% (10ml) (B), and 3% (15ml) (C)
extract.

3.4. Photocatalytic degradation study of MB dye.
3.4.1. Point of zero charges and effect of pH.

The point of zero charges (PHpzc) is the pH at which the surface of the photocatalyst
has an equal distribution of total positive and total negative charges on its surface. It is the
fundamental description of the material surface. It is more or less the point where the total
concentration of surface anionic sites is equal to the total concentration of cationic surface sites
[11,22]. The PHpzc for the synthesized ZnO was found to be 7.25. If the pH is less than 7.25,
the photocatalytic surface becomes positive. It attracts anions from the solution, and if the pH
of the solution is greater than 7.25, the surface becomes negative and attracts cations from the
solution (Fig.4). As shown in the figure, a pH less than pHpzc led to an increase in the number
of positively charged sites on the ZnO surface. It could not interact with the cationic MB dye
via electrostatic attraction. As the ZnO surface is negatively charged at a higher solution pH
relative to PHpzc, a strong electrostatic attraction appears with the cationic MB dye, where
photocatalytic degradation is possible.

The effect of solution pH on degradation efficiency of 30 mL of 10 mg/L MB using
ZnO NPs (0.025 g) was evaluated at pH 2, 4, 6, 8, 10 in the presence of direct sunlight (Fig.
5). Higher removal of MB was attained at pH=10, where the available negatively charged
catalyst surface (ZnO NPs) favors the degradation of the cationic MB via electrostatic
attraction.
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Figure 4. The pH of point of zero charges of the synthesized ZnO NPs.
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Figure 5. Effects of pH on removal of MB (10 mg/L) using ZnO (30 mg/L) at 4 h.
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3.4.2. Effect of contact time.

It has been proven that enough contact time allows electrostatic interaction between the
catalyst and the dye. The effect of time on dye (10 mg/L) removal by ZnO NPs (80 mg) at
pH=10 was investigated at different contact times (0, 30, 60, 90, 120, and 150 min), and the
result is presented in Fig.6. The figure shows that dye removal efficiency increases with
increasing contact time from 0 to 120 min, and the highest degradation efficiency of ZnO NPs
was recorded at 120 min. According to the results, degradation of MB dye is fast in the initial
stages as many vacant sites are available and then becomes slow, and ultimately depending on
the catalyst dose, achieves equilibrium at a time where vacant sites are occupied and
decreasing.
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Figure 6. Effect of contact time on degradation of MB (at pH 10, 10 mg/L MB, 80 mg ZnO NPs).
3.4.3. Effect of ZnO NPs dose.

To assess the effect of the amount of catalyst used on dye degradation efficiency, six
doses of ZnO NPs (20, 40, 60, 80, 100, and 120 mg) were tested, while other parameters were
kept constant. Dye degradation efficiency of 20, 40, 60, 80, 100 and 120 mg of ZnO was found
to be 60.15, 74.25, 84.59, 92.2, 92.2, 92.2%, respectively (Fig. 7). According to this study, 80

mg (92.2%) of ZnO showed high photocatalytic degradation efficiency for 10 mg/L dye at
pH=10 and 2 h contact time.
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Figure 7. Effect of concentration of ZnO on the degradation of MB.

3.4.4. Effect of Concentration of MB on the Degradation efficiency of ZnO NPs.

The role of the initial concentration of the dye was also studied by varying its
concentrations (5, 10, 15, 20 mg/L) at experimentally determined catalyst load (80 mg), contact
time (120 min), and pH (10). High degradation efficiency (92.2%) of the ZnO NPs was
observed at 10 mg/L MB initial concentration (Fig. 8). In the course, the percent of degradation
of MB went down as its initial concentration increased from 5 to 20 mg/L because of the
availability of a limited number of active sites in the synthesized ZnO NPs to react with excess
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MB dye. Excess MB dye molecules screen the solar light not reaching the catalyst surface and,
hence, confine the production of hydroxyl radicals, decreasing the degradation efficiency of
ZnO NPs.

3.4.5. Effect of solar radiation.

Preliminary analysis of the possible photocatalytic degradation efficiency of 30 mL of
10 mg/L MB in the presence of ZnO NPs and direct sunlight showed removal of most of the
dye (92.2%) when compared with that occurred in the dark (20%) at the end of 120 min reaction
time (Fig.9).
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v 20 mg/L
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Figure 8. The effect of concentration MB on the degradation efficiency of ZnO NPs.
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Figure 9. Effect of solar radiation on the degradation of MB dye at pH=10 and 150 min.

In this study, photocatalytic degradation of MB was also experimentally monitored
using UV-Vis analysis (Fig. 10), and the data shows a decline in absorbance as a function of
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contact time. The decrease in absorbance during the photocatalytic degradation process showed
the possibility of removing MB dye completely within the experimental time.
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—
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o
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o
o0

/
/
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Time (min)

Figure 10. The absorbance of MB during photocatalytic degradation as a function of time.

The effect of repeated use of ZnO NPs was evaluated by measuring the absorbance of
three test solutions after photocatalytic degradation of MB dye (10 mg/L) using 80 mg of the
catalyst with similar test conditions. The photocatalytic degradation efficiency calculated from
the absorbance of MB solution after using the same ZnO NPs in three cycle photocatalytic
degradation experiments was 92.2, 91.5, and 90.6%. The average degradation efficiency of the
catalyst (91.4%) showed that the photocatalytic performance of the synthesized ZnO NPs was
stable after the nanoparticles were reused three times for the oxidation of methylene blue dye.
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Figure 11. FTIR spectra of ZnO NPs before (A) and after (D) degradation of MB.

The FT-IR spectrum of ZnO NPs after dye degradation revealed shifting and
broadening of the OH absorption signals at 3380 and 875/709 cm™* than before degradation,
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indicating strong interaction of OH with dye molecules (Fig. 11). The similarity of Zn-O
absorption frequencies (532/ 528 cm™) (Fig 11) in the FT-IR spectrum of the synthesized ZnO
NPs before (A) and after (D) photocatalytic degradation of the dye showed stability of the
catalyst and its reusability.

3.5. Kinetic study of degradation of MB using ZnO NPs as photocatalyst.

In this study, ZnO NPs were used as a catalyst to degrade MB dye under solar radiation.
According to the diagram (Fig 12) [1], photocatalytic degradation of the dye over the surface
of ZnO NPs is facilitated by the generated hole (h*)-excited electron (e”) pairs between valence
(VB) and conduction bands (CB). ZnO NPs provided many photocatalytic active sites with a
large surface area to volume ratio when exposed to solar radiation equal to or greater than the
bandgap (Eg), where e moves to the CB, leaving behind h* in the VB [1,30]. The h* in the VB
reacts with water. The e in the CB combines with oxygen on the surface of ZnO NPs to form
OH/O2"~which in turn enables degradation of the organic dye (RH, MB) completely into H.O
and CO: via highly reactive organic radicals (Re) formed by abstraction of the proton as
established elsewhere [1,32].

RH (MB) + "OH /02"~ — R + H,0

In general,
MBI MB/OH/O, — » H,0 + CO,
ZnO
O,
0,
B €-e-ée- Exited
%{ electrons
Eg
Zn0O 3¢ Positive
NPs
Sun VB /' hole
h+ h+ h+ OH"
H,0/OH

Figure 12. Schematic illustration of hydroxyl radical’s generation for the degradation of MB.

The photocatalytic degradation rate of organic pollutants into CO2 and H2O is predicted
to follow the pseudo-first-order kinetic model. For this purpose, the maximum absorbance of
MB at 664 nm was recorded during the degradation process using ZnO NPs (80 mg/L) and 30
mL of 10 mg/L MB at pH=10 and different contact times.

It is assumed that the variation of [MB] affects the rate of photodegradation reaction.
In contrast, the amount of water (source of free radicals) does not affect the rate due to its high
concentration. Thus, the rate equation expressed as Eqg. 3 is rewritten as Eq. 4 because the
degradation rate is assumed to be independent of [OH¢] [33-35].

r=k[MBJOH.] Eq3
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Hence, the first-order kinetics model of this photodegradation reaction behaves as a
pseudo-first-order reaction where the rate of disappearance of MB can be expressed using Eqs
5-6:

— A[MB]
= ZAVB_mB
LT
d[MB]:k[MB]
O — Eq.6

Where: [MB] is the concentration of MB, k is a rate constant of first-order degradation (min-
1y, and t is the contact time (min).

The linear fitting equation (Eq.7) derived from Eq.6 was integrated for boundary
conditions (t = 0, [MB] = Co and t = t, [MB] = C) and the plot of InCo/C; vs t (Fig. 13) results
in a straight line whose slope (k= 0.015, Rz = 0.9761) is characteristic to pseudo-first order
kinetic model.

2.4+
22 Y=0.015X +0.208
2 [ |
1 R™=0.9761
2.0 k=0.015
1.8
g
= 1.6—
S [
"
£ 144
1.24
7 | |
1.04
0.8+
n
1 v 1 v 1 v 1 v 1 v 1
20 40 60 80 100 120
Time (min)

Figure 13. Pseudo-first-order kinetic model.

This study demonstrates a first-order kinetic model for photodegradation of MB dye
contaminated water using nontoxic ZnO NPs under solar radiation. Promising degradation
efficiency (92.2% of 10 mg/L of MB) was recorded for ZnO nanostructures as a photocatalyst
at a dose of 80 mg, pH=10, and 120 min of contact time. It was observed that increasing the
concentration of E. kebericho extract lowers the crystallite size of ZnO NPs. Usually, as the
crystallite size of the ZnO NPs decreases, the available surface area of the nanostructure
increases; consecutively, its catalytic activity increases. The performance (% degradation, k
(min™)) of as-synthesized ZnO NPs were found to be comparable with previous reports [36-
39] (Table S1).

4. Conclusions

Green synthesis of highly crystalline ZnO NPs with hexagonal wurtzite structure having
an average crystal size of 14.67 nm was accomplished using E. kebericho aqueous root extract

https://nanobioletters.com/ 13 of 17


https://doi.org/10.33263/LIANBS123.072
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS123.072

and zinc acetate dihydrate as a precursor. The nanoparticle was found 92.2% efficient in
degrading 10 mg/L of MB dye by 80 mg of ZnO NPs at pH=10 and 120 min contact time in
pseudo-first-order kinetic model (k= 0.015, R? = 0.9761). The possible mechanism of the
photocatalytic degradation reaction of MB was its oxidation by *OH /O2" " generated in situ of
the reaction. Hence, this study confirms removing the substantial amount of MB from
wastewater through photocatalytic degradation using ZnO NPs synthesized with aqueous root
extract of E. kebericho.
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Supplementary Data

Table S1. Performance of different photocatalytic systems for removal of MB from aqueous solutions.

S.N | Photocatalytic system Kobs, min? Removal efficiency, % Ref

1 ZnO NPs with E.kebericho, 120 0.015 92.2 This study
min

2 Cu20-Cu nanocomposites/ CO2 5.095 90 [36]
laser, 50 min

3 Zn0/ZnSe/MoSez, 180 min 0.000194 915 [37]

4 MnTiOs3, 240 min 0.00525 70 [38]

5 Cellulose acetate/Zn0O/120 min 0.0114 75 [39]
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