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Nano impact

Metal oxide nanofibers present a better alternative in the waste water treatment as these are capable to
degrade the organic wastes including hazardous dyes using advanced oxidation processes. Nickel oxide is
one of the semiconductors which can be very well utilized in photocatalytic applications. With the huge
utilization of dyes on the large scale, it is now required to come up with some new methodology that can
treat these contaminants at low cost with greater efficiencies. This work is basically attributed to the
economic degradation of congo red dye under the visible light irradiation where nickel oxide nanofibers
were developed using versatile and cost effective electrospinning method. Development of such
nanofibers for the degradation of highly stable azo dyes in the wastewater may act as a major component
of nano-remediation process in the near future.
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In the present study, one dimensional nickel oxide (NiO) nanofibers were successfully fabricated using
inexpensive and simplistic electrospinning technique to evaluate their efficient applicability as a
photocatalyst in the dye degradation processes. The synthesis part involves the calcination of electrospun
poly (ethylene oxide) /Nickel acetate tetrahydrate nanofibers to obtain phase pure cubic NiO nanofibers
which were further characterized using various techniques for their physical and chemical properties.
Furthermore, the photocatalytic activity of these NiO nanofibers along with their kinetics of degradation
was studied with the photodegradation of model dye congo red (CR) under visible light irradiation.
Interestingly, the photocatalytic properties of NiO nanofibers were found better than that of the
nanoparticles when compared and found to be dependent on the concentrations of photocatalyst loaded.
Besides this, the stability of the nanofibers in the aqueous solution was examined along with their

reusability studies.

Introduction

In this 21% century, huge global industrialization has become a
threat to the environment. Thousands of different dyes and
pigments in millions of tons are being utilized annually
worldwide not only in textile industries but also in various other
industries like paper and pulp, plastics, cosmetics, leather
industries and so on. Besides this, most of the dyes used in the
dyeing units are azo dyes containing chromophoric azo group (-
N=N-) because of their wide range of bright shades, capability to
bind with the fabrics strongly, ease of application and less energy
consumption.*® Such widespread use of dyes, results in more
discharge in the industrial effluents, presenting a great hazard for
all living beings of the ecosystem ranging from aquatic organisms
to human beings. Basically, the dyes present in water reduce the
photosynthetic activity of aquatic plants by interrupting the
incoming sunrays and gas dissolution resulting in the destruction
of aquatic ecosystem.® Moreover, most of the dyes are
carcinogenic and mutagenic in nature responsible for various
types of cancer.’

CR is a benzidine based diazo dye (Fig. 1), commonly used in
the textile industries as well as in molecular biology laboratories
for staining purposes because of its high water solubility, bright
red colour with yellow fluorescence and high affinity of
interaction with the fabrics. But it is highly toxic as its main
component benzidine is known as human carcinogen and it is
very difficult to degrade such kinds of dyes using conventional
methodologies.®  Although various waste water treating
chemicals, such as alum, activated carbon, ferric chloride (FeCls),
CaCl, modified bentonite etc., are available but these are
expensive and do not reduce the toxicity of dyes as well. ®*° To
overcome these problems, semiconductors present a good option

for the photocatalysis of organic pollutants like dyes utilizing
visible light and the oxygen present in air creating reactive
so 0Xygen species.*

NH, NH,
Ne® LI
SO;Na NaSO4

Fig. 1 Molecular structure of congo red (CR) dye
60
For the last some years, nanotechnology has contributed in
diverse fields of research. A wide range of metal oxide
nanostructures have been extensively explored in the field of
photocatalysis out of which, nanoparticles are the most
es commonly exploited due to their highest surface area and hence
high catalytic activity. However, these nanoparticles tend to
agglomerate in the aqueous solution during the dye degradation
process which subsequently reduces the catalytic activity of these
nanoparticles.’? To eradicate this problem of agglomeration and
70 thus to improve the photocatalytic activity, one dimensional
nanostructures are being synthesized, such as nanowires,
nanotubes, nanofibers etc. Therefore metal oxide nanofibers are
highly desirable and a topic of extensive research in the
decoloration and degradation experiments because of their high
75 surface area, better chemical stability, increased shelf life and
higher porosity.®* * Among various metal oxides, nickel oxide
with a wide band gap (3.7-4.0) is widely utilized in
photocatalysis, electrochromic materials, electrode material for
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lithium-ion batteries, magnetic high storage devices, sensors
etc.’2® Here we are going to explore the photocatalytic activity
of nickel oxide nanofibers. But, its industrial application requires
a worthwhile process to fabricate nanofibers. Amongst various
other intricate methodologies, electrospinning is a simplistic and
reliable technique to draw very fine continuous nanofibers from
the polymeric solution, polymeric blends or sol-gel under high
voltage making this remediation process highly cost effective at
large scale.®

Results and Discussion

A wide range of materials have been exploited for the fabrication
of ultrathin and smooth nanofibers using well known and
versatile electrospinning technique. In the formation of
continuous metal nanofibers, polymer plays an important role.”®
2L Various polymers are utilized as “carrier polymers” in the
synthesis of composite nanofibers but it is preferred to use high
molecular weight polymer that not only makes the final blend
electrospinnable but also enables us to increase the concentration
of main component in greater quantity.?>* Polyethylene oxide
(PEO) is such a high molecular weight polymer which was used
as a carrier matrix for the synthesis of NiO nanofibers. Moreover,
it is water soluble that avoids the use of organic solvents making
the process cost-effective. Nickel oxide (NiO) nanofibers were
obtained by coupling the electrospinning technique with
subsequent calcination at 500°C. The whole fabrication procedure
is presented in the scheme S1. Nickel acetate (NiAc) solution
alone cannot be electrospun because it needs certain viscosity to
draw the fibers. Therefore, PEO was utilized as a carrier in the
formation of NiO nanofibers.

The parameters such as, viscosity, flow rate, distance between
the needle and the collector, calcination temperature and duration
etc. were optimized to get very fine and continuous nickel oxide
nanofibers. The morphology of the fibers was confirmed by field
emission scanning electron microscopy (FE-SEM) analysis. Fig.
2(a) represents FE-SEM image of NiAc/PEO composite
nanofibers generated from 4.5 wt % PEO and 20 wt % nickel
acetate. The obtained nanofibers were uniform, round and smooth
with a mean diameter of 202.72 + 20.72 nm as shown in the
diameter distribution histogram (inset in Fig. 2(a)). The
morphology of the nanofibers was found to be greatly affected by
flow rate as high flow rate leaded to the formation of beads and
less flow rate did not result in the formation of fiber because
polymer got dried at the tip of needle and choked the extrusion of
polymer from the needle. Therefore an intermediate flow rate i.e.
0.25 mL/h was opted to draw ultrathin nanofibers. The as-
prepared nanofibers were further calcined at 500°C for 4 hours in
the presence of air to obtain pure NiO nanofibers as represented
in Fig. 2(b). After calcination, nanofibers became rough and a
huge reduction in the size was observed; the mean diameter of the
calcined NiO nanofibers was 57.17+ 8.52 nm (inset in Fig. 2(b)).
This is due to the fact that at such a high temperature, the entire
polymer gets decomposed and conversion of NiAc into NiO takes
place. This result was further confirmed by energy dispersive x-
ray spectroscopy (EDX) analysis (Fig. S2) representing the
elemental composition of NiO nanofibers assuring the presence
of nickel and oxygen with the absence of polymer.

NiO nanoparticles were synthesised to compare the efficiency

of NiO nanofibers with NiO nanoparticles. Further the NiO
nanofibers and nanoparticles were examined for their cross
60 Sectional information using transmission electron microscopy
(TEM). Fig. 3(a) and 3(b) represents the TEM images of the
calcined nanofibers at different magnifications confirming its size
in the range of 50-60 nm. Along with this, selected area electron
diffraction (SAED) pattern (inset in Fig. 3(a)) depicts the
es polycrystalline nature of the NiO nanofibers as obvious rings can
be easily seen. The transmission electron micrograph of NiO
nanoparticles (Fig. 3(c)) indicates the uniform size distribution of
the particles. The mean diameter of the nanoparticles was found
to be 23.167 + 3.37 nm as shown in the particle diameter
70 distribution histogram (Fig. 3d). Clear spots observed in the
SAED pattern (inset in Fig. 3 (c)) further explain the crystalline
nature of the NiO nanoparticles.
The crystalline structure of nanofibers and nanoparticles were
further analyzed by X-ray diffraction (XRD). Fig. 4(a) elucidates
75 the typical XRD pattern of NiO nanofibers and nanoparticles
where the standard
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Fig. 2 FE-SEM images of (a) PEO/ Nickel acetate nanofibers (b) NiO
nanofibers obtained after calcination at 500°C. The insets represent the
diameter distribution histogram for the respective image.

peaks of NiO were observed. In case of nanofibers, very sharp
105 and intense diffraction peaks were obtained at 20 value of 37.21,
43.29, 62.88, 75.44 and 79.36° corresponding to (111), (200),
(220), (311) and (222) crystal planes, respectively according to
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JCPDS card number 01-071-1179. It indicates the formation of
phase pure cubic NiO with rock salt structure (Bunsenite, NaCl
type structure). In the XRD pattern of NiO nanoparticles, very
sharp diffraction peaks at 20 value of 37.34, 43.40, 63.02, 75.51
s and 79.52° were perfectly indexed as (111), (200), (220), (311)
and (222) planes, respectively according to the JCPDS card
number 01-073-1519 which strongly determines the cubic
crystalline nature of the nanoparticles. The crystallite size of the
particle was also calculated using the Scherrer formula (t =
10 KA/BCos©) where t is the crystallite size, K is the constant
having value 0.9, A is wavelength of Cu Ka radiation which is
equal to 0.154 nm, B is full width at half maximum (FWHM).
Using this formula, the crystallite size was found to be 25.6 nm
which is in accordance with the size calculated from the diameter
15 distribution histogram. Besides this, Fig. 4(b) represents the
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Fig. 3 TEM images of (a), (b) calcined NiO nanofibers at different
magnifications along with the SAED pattern in the inset, (c) NiO
nanoparticles with its SAED pattern (inset); (d) size distribution

35 histogram for NiO nanoparticles demonstrating the mean diameter 23.167
nm with standard deviation 3.37 nm.

typical XRD pattern for pure PEO where two diffraction peaks
were observed at 19.3 and 23.4° indicating (120) and (112)
planes, respectively. Xu et al., detailed about the crystalline
a0 structure of pure PEO in which PEO shows a monoclinic
crystalline structure where (120) planes lies parallel to the PEO
chain direction and (112) planes intersect the chain direction.?*
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Fig. 4 XRD pattern for (a) NiO nanoparticles and nanofibers (b) pure
60 PEO nanofibers.

In addition to this, when XRD patterns of nanofibers made up of
PEO alone and that of NiO were compared, it was observed that
the peaks due to the polymer completely disappeared after the
calcination of nanofibers indicating the formation of phase pure
&5 NiO.
The formation of NiO from nickel acetate tetrahydrate can be
evaluated by recording the chemical changes occurring in the
sample with a constant heating rate.®® Fig. 5 represents the
stepwise decomposition of NiAc/PEO composite nanofibers and
70 PEO alone nanofibers during constant heating in the presence of
air up to 600°C. As temperature increased, weight started to
decrease more rapidly for NiAc/PEO nanofibers as compared to
that of PEO alone. The thermogram of pure PEO nanofibers
shows the three steps decomposition. It was observed that PEO
75 was stable up to 150°C and small weight loss occurs at 165°C
which is due to presence of moisture attached with the
nanofibers. After that, rapid degradation was observed leading to
the complete decomposition at 333°C. In case of NiAc/PEO
nanofibers, weight loss starts at near 50°C with the liberation of
physical water content (e.g. moisture). With the constant increase
in temperature, the water molecules attached with the nickel
acetate molecules get released resulting in the complete
dehydration of the sample. In the range of 127-273°C, the peaks
observed are due to the decomposition of the organic matter like
acetate groups and polymer. Beyond 273°C, no significant weight
loss was observed which indicates the presence of only inorganic
contents. According to the protocol followed for synthesis of
nanofibers, calcination of the NiIAc/PEO nanofibers was
performed at 500°C, which suggests the complete decomposition
o of the polymer along with the formation of NiO and thus
compliment well with all other characterization data.
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100 Fig. 5 TGA spectra for PEO/NiAc and PEO alone nanofibers indicating
the chemical changes occurring in the fibers during the formation of NiO
from nickel acetate/PEO.
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Photodegradation of CR dye using NiO nanofibers

In the past, photocatalytic properties of various metal oxides have
been extensively studied where possible mechanisms of action
have been reported. When 6 mg NiO nanofibers were added to 60
ppm CR aqueous solution, most of the dye was degraded within a
time period of 6 hours. The constant reduction in the
concentration of dye was observed by taking absorbance at 500
nm using UV-Visible spectrophotometer which exploits the well
known Beer Lambert’s law (Fig. 6 (a)). The concentration of the
dye can be calculated by plotting a calibration curve between
different concentrations of dye vs their corresponding absorbance
(Fig. S1). Additionally, control experiment was also performed
with nanofibers in the dark conditions. Negligible degradation or
decolorization was observed in the absence of light indicating the
requirement of light for the effective decomposition of dye
molecules. The plot depicting the degradation efficiency was
constructed between the percentage of dye left (A/Ay*100) versus
time (hours) as shown in Fig. 6 (c) where A is the absorbance of
dye at a particular time and A, is the absorbance obtained by
initial concentration of dye. In this study, it is clearly evident that
after 15 minutes, about 50 % dye was degraded and within 6
hours 98 % dye was degraded.
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Fig. 6 (a) UV-Vis spectra representing reduction in concentration of CR
dye along with decoloration of dye from dark red to clear solution as
shown in inset (b) rate constant calculated for dye degradation reaction
following pseudo first order reaction (c) Degradation efficiency of
nanofibers in degradation of dyes in light and dark conditions.
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The possible catalytic action of NiO for the degradation of dyes
26,27

S

is same as that of other metal oxide semiconductors™ " which is
represented schematically in the scheme 1. In the present study,
visible light was utilized for the CR degradation experiment but
visible light does not possess sufficient energy to excite the

4 electrons from valence band to conduction band of NiO.

o

Therefore, a different mechanism is opted by the catalyst to
degrade the dye which is known as photosensitized oxidation
where CR molecules adsorb onto the surface of NiO catalyst and
act as light harvesting molecules. Visible light excites the dye
so molecules (CR) rather than the catalyst adsorbed onto the
photocatalyst and directly injects excited electron into the

conduction band of the photocatalyst in the time scale of

nanosecond, whereas back transfer of electrons from CB to dye

molecules is much slower. Thus, probability of electron transfer
ss from CB to surface of catalyst and the oxidized dye to react
increases. In turn, the surface electrons react with the ambient
oxygen (0O,) to create highly reactive oxygen species whereas
sensitized dye gets converted into cationic dye radicals (equations
1-3).%%° The superoxide anions subsequently get protonated to
generate HOO" (free radicals) as shown in equation 4; which
further react to produce hydroxyl radicals (OH") (equation 4-6).
Thus generated hydroxyl free radicals (OH’) attack the benzene

6

S

ring directly linked to the azo bond resulting in the opening of the
aromatic ring and hence generates CO,, H,O and small organic

65 acid molecules.>*? The color of the azo dyes is due to this azo
group only and breakdown of this bond enables us to visualize
the degradation of dyes®. This oxidative degradation is consistent
with the FTIR analysis.

Visible light
70 . CR

~
~

&> o,
)

A Nio | Oy (
%E HOO — oH’
/ 4
/ %\f.& _d
/ b
/ D~

Light source

Congo red dye

|

Degradation
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75

Congo red (CR) dye
with NiO nanofibers

NiO nanofibers

85 Scheme 1 Proposed mechanism of action of NiO nanofibers for the
photodegradation of congo red (CR) dye aqueous solution.
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CR*+ OH or 0,” — CO,, H,0 & other products (7)

Fig. 7 illustrates the FTIR spectra of NiO nanofibers and the CR
ss solution before and after the treatment with NiO nanofibers and
nanoparticles. FTIR is usually used to reveal the chemical
structure and the functional groups. In Fig 7(a), a prominent peak
can be observed which is due to the Ni-O stretching vibrations
along with the peaks at 1121, 1403, 1587 and 1627 cm™
w00 corresponding to C-N stretch, C-C bond, C-C bond and N-H
bend, respectively. Fig. 7 (b) further depicts the spectra for CR

4 | Journal Name, [year], [vol], 00—00
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dye before treatment. The absorption peaks at 1633, 1586, 1404
and 1044 cm™ were attributed to the N-H bend of primary amine,
azo group (-N=N-), C-C stretch in aromatic rings (aromatic
skeletal vibrations) and S=O stretch, respectively.
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Fig. 7 FTIR spectra for (a) NiO nanofibers (b) CR before treatment (c)
CR treated with nanofibers (d) CR treated with nanoparticles.

Treatment of aqueous congo red solution using nanofibers and
nanoparticles causes a large number of changes in the chemical
structure which is evaluated using these spectra (Fig. 7 (c) and
(d)). In case of nanofibers, peaks due to azo group and C-C bonds
in aromatic rings disappear completely indicating the cleavage of
these bonds. In contrast to this, many peaks could be observed in
case of nanoparticles. A significant peak at 1400 cm-1 attributed
to C-C bond (aromatic ring) is observed which also indicates the
better catalytic efficiency of NiO nanofibers as compared to NiO
nanoparticles.®*3°

In context to the by- products of CR, FTIR provides lots of useful
information. Degradation of CR dye initiates with the cleavage of
the azo bond resulting in the generation of aromatic intermediates
like aromatic amines or phenolic compounds. After that, the
aromatic and naphthalene rings open up to form several organic
acids like formic acid, acetic acid, oxalic acid etc. In the most dye
degradation process, formic acid and acetic acid are produced.
Many of these intermediates may finally get decomposed into
CO,, NH,*, NO; and SO,%. The generation of these by-products
can be correlated with the FTIR spectra (Fig. 7) provided in the
manuscript. In Fig. 7 (c) There are absorption peaks at 1637 and
1156 cm™ corresponding to the amine group (N-H) and sulphate
group (S—O stretch), respectively depicting the presence the
NH," and SO,%. Though from the FTIR results, this could be the
most probable mechanism of dye degradation, other alternative
mechanism cannot be excluded on the basis of FTIR.

Further, the kinetics of the photocatalytic degradation of CR was
studied and it was observed that the degradation process follows
pseudo first order reaction as straight lines were obtained in the
plot (Fig. 6 (b)) constructed between In(A/Ay) versus time (h).
The rate constant (k) for the reaction can be calculated either by
the slope of the graph or using the following kinetic equation:
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where A, and A represents absorbance for the initial
concentration of dye (0 min) and at a particular time,
respectively. The calculated rate constant k (h™) for this
photodegradation reaction was found to be 0.563.

Moreover, amount of nanofibers to be added plays very important
role in dye removal. As the amount of NiO nanofibers loaded
increases, time of degradation decreases as more number of
hydroxyl free radicals will be produced and action of degradation
will become fast. It was observed that within 9 hours 60 ppm dye
was completely degraded with 6 mg nanofibers where with 2 mg
nanofibers 17 % dye was still there in the solution after 9 h. Fig.
8(a) represents the time dependent graphs for the dye degraded
with 2 mg, 4 mg and 6 mg. Fig. 8(b) is the graph constructed to
calculate the rate constants for three different concentrations of
nanofibers used in the study. The rate constant for 2 mg
concentration was observed to be the least and highest for the 6
mg nanofibers. All the rate constants have been represented in
tabular form (Table S1) indicating that the rate constant is
increasing with the amount of loading.

100+
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Fig. 8 (a) Concentration dependent studies utilizing 2 mg, 4 mg and 6 mg
NiO nanofibers for same concentration of dye (60 ppm) (b) Rate
constants evaluated for the photodegradation reactions with different
loadings of nanofibers.

Comparative studies of NiO nanofibers and nanoparticles

NiO nanoparticles have been widely utilized as photocatalysts but
limit their applicability in dye degradation and other waste water
treatments processes due to their tendency to get aggregated in
the aqueous solution. The fibers remain intact throughout the
degradation process which enables better recovery of NiO
nanofibers as compared to NiO nanoparticles after the treatment
process. It extends its scope for reusability which may be
difficult in case of nanoparticles as they are well dispersed in the
aqueous solution and hence difficult to recover. Therefore the
cost of treatment process would be drastically reduced as NiO
nanofibers can be reused for multiple cycles and also because it
does not require downstream processing of water for NiO
contamination.®® Furthermore, efficacies of both nanofibers and
nanoparticles were examined practically by comparing the
photocatalytic activity of NiO nanofibers and NiO nanoparticles.
The reduction in the dye concentration was analyzed
spectrophotometrically as Fig. 9(a) and 9(b) represents the UV-
Vis spectra for the CR degradation using NiO nanofibers and
nanoparticles, respectively. Same amount of nanofibers and

This journal is © The Royal Society of Chemistry [year]
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nanoparticles were loaded in the same concentration of dye under
similar experimental conditions. By noting down the absorbance
at 500 nm, a comparative plot was constructed (Fig. 9(c))

stability of the nanofibers was investigated using FE-SEM
analysis. No morphological changes were found in the NiO
nanofibers after three cycles of reaction indicating the high

Page 8 of 9

depicting the better photocatalytic activity of nanofibers as ss stability of the photocatalyst (Fig. 10 (b)).
compared to the nanoparticles. It was observed that within 8

hours of treatment, 70% dye was degraded by nanofibers while 100
50% dye was still left in case of nanoparticles. Although a small
reduction in the dye concentration was observed in the dye alone

due to the presence of light but it was not significant. Followed

10 by this, rate constants were calculated (Fig. 9(d)) for the
photodegradation processes deploying the nanofibers and
nanoparticles and were found to be 6.7 X 10% and 3.7 X 102 (b’

1), respectively. It was observed that rate constant for the reaction 0
involving nanofibers was higher than that of the nanoparticles
indicating the better degradation capability. Both the
photocatalysts follow the pseudo first order reaction for their
action.

3
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Time (h)

.
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Fig. 10 (a) Plot representing the dye degradation efficiency of the NiO
nanofibers for subsequent three batches of congo red aqueous solution (b)

65 FE-SEM image of the used NiO nanofibers depicting no morphological
changes even after three cycles of reaction.

144 (a)

{8 ;Shmin ”E

Effect of pH on the stability of the nanofibers was also
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s ' 8h | investigated. Fig. 11 represents the FE-SEM images of the used
508 sy H fibers in the treatment of aqueous dye solution having different
2 ::’ —48h |3 70 pH values ranging from highly acidic (pH=3) to highly alkaline
= —72h |2

(pH=11). Interestingly, no morphological change was observed,
(PH=3),

except at extremely acidic conditions
demonstrating the stability of nanofibers.
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Fig. 9 UV-Vis spectra of CR dye degradation using (a) NiO nanofibers,
(b) NiO nanoparticles; (c) comparative plot of NiO nanofibers and
nanoparticles along with the CR dye alone; (d) rate constants for
nanoparticles and nanofibers.

3

&

Reusability studies of NiO nanofibers

Fig. 11 FE-SEM images of NiO nanofibers after treatment of CR solution
having pH (a) 3, (b) 5, (¢) 7, (d) 9 and (e) 11.

Stability and reusability is a serious issue while developing any
photocatalyst for the waste water treatment as it will affect the & Release of Ni during the treatment
cost of the treatment process. It is highly desirable that the
photocatalyst should be stable enough so that it can be reused for
long time enhancing the practical utility of these fibers. It could
be concluded from Fig. 10(a) that NiO nanofibers can be reused
as same nanofibers were used for three subsequent batches of CR
aqueous solution. The result depicts a slight decrease in the
degradation efficiency after first cycle. It may be due to the loss
of the catalyst during washing and filtration so as to use in the
next cycle.® The other important reason behind this large drop
may be the poisoning of the catalyst. Some of the intermediate
products remain attached over the surface of the nanofibers which
so hinder the adherence of other dye molecules and hence the

degradation efficiency reduces with each cycle. Besides this,

Since high concentration of nickel is toxic for the humans as well
as aquatic lives, release of nickel in the water during the
treatment has to be examined. The concentration of Ni leached in
the treated water using NiO nanofibers was observed to be 23.16
pg/L which was much lower. This release of Ni further depends
upon the pH of the contaminated water (Table S2). An
experiment was conducted with 5 different CR aqueous solution
having pH 3, 5, 7, 9 and 11. After the treatment, very low
concentration of nickel was noted in all the samples except under
os extremely acidic conditions (pH=3). This faster rate of
dissolution observed was due to attack of acid on the fibers.
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Conclusion

In summary, we have synthesized highly stable and ultrafine NiO
nanofibers using very cost- effective electrospinning technique.
These NiO nanofibers act as an efficient photocatalyst in dye
degradation processes generally required in dyeing units of
various industries. All the characterization results confirm the
synthesis of continuous, cubic NiO nanofibers and nanoparticles
with mean diameter of 57.17 nm and 23.17 nm, respectively. The
NiO nanofibers were observed as efficient photocatalyst capable
to degrade the CR dye following the pseudo first order reaction.
The concentration of catalyst to be used has significant effect on
the dye degradation experiments as more the amount of
nanofibers will be added, more rapidly the dye will get degraded.
Also, NiO nanofibers were found to be better photocatalyst than
NiO nanoparticles because of their non-aggregating nature in
aqueous solution. In addition to this, reusability and stability are
other advantages of these nanofibers without losing much of its
efficacy in subsequent cycles of dye degradation reactions. Thus
development of such nanofibers by electrospinning represents a
very simple and cost effective approach for the degradation of
highly stable azo dyes in the wastewater and it may act as a major
component of nano-remediation process in the near future.
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