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have been investigated. We found that the SiNWs morphology depends on etching time and
etchant composition. The SiNWs length could be tuned from 1 to 42 μm, respectively when
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varying the etching time from 5 to 30 min. The etchant concentration was found to accel-
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erate the etching process; doubling the concentrations increases the length of the SiNWs
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by a factor of two for fixed etching time. Changes in bundle morphology were also studied
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as function of etching parameters. The SiNWs diameter was found to be independent of

Silicon nanowire

etching time or etchant composition while the size of the SiNWs bundle increases with in-
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creasing etching time and etchant concentration. The addition of GO was found to improve
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significantly the photocatalytic activity of SiNWs. A strong correlation between etching parameters and photocatalysis efficiency has been observed, mainly for SiNWs prepared at
optimum etching time and etchant concentrations of 10 min and 4:1:8. A degradation of
92% was obtained which further improved to 96% by addition of hydrogen peroxide. Only
degradation efficiency of 16% and 31% has been observed for bare Si and GO/bare Si samples
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respectively. The obtained results demonstrate that the developed SiNWs/GO composite exhibits excellent photocatalytic performance and could be used as potential platform for the
degradation of organic pollutants.
© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction
Water pollution is emerging as a serious ecological threat due
to the rapid increase in population and industrialization. Almost 20% of global water contamination has reported to be
contributed by discharge from textile industries, which mainly
contained various organic dyes (American Public Health Association et al., 2005). Being potentially stable, toxic and
carcinogenic, dye effluents can impose detrimental health
hazards to humans and other living organisms (Lee et al.,
2015). The coloured dyes can critically compromise oxygen
dissolution, sunlight penetration into water bodies thereby
hindering photosynthesis process (Vandevivere et al., 1998;
Vinothkannan et al., 2015). Conventional methods of water
treatment such as adsorption, chlorination and chemical oxidation could not address the current needs due to their limited performance and formation of secondary polluted products. Consequently, there is an enormous drive for adopting
better technologies for water treatment and environmental
remediation. Photocatalysis is an excellent tool for treating
contaminated water in an environmentally friendly manner
by employing appropriate photocatalyst material and irradiation source (Inumaru et al., 2011; Shengyuan et al., 2011). In
contrast to conventional methods, organic contaminants can
be photo-catalytically degraded to mineral non-toxic products such as carbon dioxide and water (Hajjaji et al., 2011;
Liao et al., 2011; Trabelsi et al., 2017).
Despite of the good performance of titanium dioxide as a
semiconductor photocatalyst, its practical application is limited (i) due to quick recombination of photo generated species
and thus low quantum yield and (ii) due to its wide band gap
that prevents it to absorb visible light from solar spectrum
(Ajmal et al., 2014; Hajjaji et al., 2014b). Moreover, the isolation
of the photocatalysts from the residual water becomes questionable for large scale applications. In this scenario, strategies
are looking for high efficiency and easily isolatable photocatalyst systems. Magnetic particles such as ferrite or magnetite
have been found appropriate in this regard, yet the catalytic
efficiency need to be improved (Serrà et al., 2020; Wang et al.,
2020). Indeed, the immobilization of nanoscale photocatalysts
on macroscopic surfaces such as plastic, metal or glass have
also investigated to facilitate the separation process (Di Mauro
et al., 2017; Fernández et al., 1995). Nevertheless, despite the
advancements made in this area, more efforts are expected to
developing nanocomposite materials with high photocatalytic
performance.
Silicon nanowires (SiNWs) are one dimensional nanostructures that are getting immense attention in various applications (Daoudi et al., 2020). The high surface area to volume
ratio, the quantum confinement effects together with excellent optical absorption and charge transfer properties make

SiNWs as potential photocatalysts especially in the visible
range (Li et al., 2018). Si nanowires can be fabricated by a
simple method like metal assisted chemical etching (MACE),
which enables to tune the nanowire morphology by varying
the processing parameters (Cong et al., 2019; Li et al., 2018;
Xi et al., 2018). In fact, silicon has low chemical stability and
rapid degeneration of photoactivity. Therefore, appropriate
modification strategies are required to develop reliable and efficient SiNWs - based photocatalysts (Zhong et al., 2011). The
plasmonic effect obtained from such as silver, gold, copper
and platinum nanoparticles has been studied in order to improve the photocatalytic activity of SiNWs in the degradation
of organic dyes (Brahiti et al., 2015; Megouda et al., 2010). As
an alternate strategy, hydrogen terminated silicon nanowires
also have also been studied in detail and found to be more
promising candidates in this context (Amdouni et al., 2018;
Brahiti et al., 2018).
Graphene based materials has been explored greatly in recent years in various applications owing to their high surface area, superior mechanical and electronic properties, excellent optical absorbance and chemical stability (Song et al.,
2017). Previous reports suggested that composites based
on graphene and semiconductor photocatalysts such as titanium dioxide, zinc oxide and cadmium sulphide could
present an enhanced photocatalyst activity (Justh et al., 2018;
Li et al., 2011). High degradation efficiency of 95% has been
achieved using GO decorated with TiO2 and Fe3 O4 nanoparticles (Nada et al., 2018). In addition, graphene can be employed to modify silicon nanowires as reported by Lin et al.
(2019) for solar cells, Huang et al. (2013) for enhancing photoelectrochemical properties and Chen et al. (2015) for biosensor applications. Chen et al. (2017) have also reported interesting results concerning the benefit of carbon nanodots
with SiNWs array for enhanced photocatalytic activities. The
authors demonstrate that their hybrid structure shows a
photodegradation rate 6 times higher than that of sole Si
nanowires. Tang et al. (2018) have demonstrated that the
combination of ZnO nanoparticles (NPs) with SiNWs arrays
leads to a photodegradation efficiency, towards Methylene
Blue (MB) dye, 2.3 times larger than that of unmodified SiNWs.
ZnO/Cu2 O/Si (ZCS) has been also tested for MB degradation.
This hybrid system showed an efficiency of 77% (Hsiao et al.,
2019). To the best of our knowledge, only a few works have
studied nanocomposites of silicon nanowires/graphene oxide
(GO) for photocatalytic applications, by exploring the effect of
the microstructure of nanowires.
In this work, we study the nanocomposite SiNWs/GO in
order to develop an efficient, inexpensive and environmentfriendly photocatalytic system for the degradation of MB. The
effect of etching time and etchant composition on the morphology of the SiNWs have been elucidated in detail and correlated to their photocatalytic activity. Effect of hydrogen per-

journal of environmental sciences 101 (2021) 123–134

125

Fig. 1 – Scheme representing the preparation of SiNWs/GO (silicon nanowires/graphene oxide) composite photocatalyst for
degrading Methylene Blue (MB).

oxide addition on the efficiency of the SiNWs/GO photocatalytic system was also investigated using MB.

1.

Materials and methods

1.1.

Chemicals

The basic material used is a (100) oriented Si wafer, p-type
boron doped, with a resistivity of 1–10 cm and a thickness of
675 ± 25 μm purchased from TED PELLA company, USA (216106). Hydrofluoric acid (HF 48%, B1564134825), anhydrous glacial
acetic acid (CH3 COOH 100%, 64-19-7) and hydrogen peroxide
(H2 O2 , K48323000701) were supplied by Merck, Germany. Nitric
acid (HNO3 65%) was purchased from Sigma Aldrich, USA (CAS
No: 7697-37-2). MB (M9140) were obtained from IBI scientific,
IA (CAS NO: 7220-79-3). Silver nitrate (AgNO3 ) was purchased
from Alfa Aesar, Germany (CAS No: 7761-88-8)

1.2.
Fabrication and characterization of SiNWs/GO
nanohybrid
SiNWs were synthesised using silver assisted chemical etching method as shown in Fig. 1. Single side polished silicon wafer (1.5 cm × 1.5 cm) were ultrasonically cleaned in
acetone and ethanol for 5 min each, followed by dipping
in a HNO3 /HF/CH3 COOH (64%:16%:20%, V/V/V) acid solution
for 1 min. Cleaned substrates were thoroughly rinsed with
deionized water and dried. The latter were immersed in an
aqueous solution of HF/AgNO3 (4.8 and 0.02 mol/L, respectively) for 1 min in order to deposit silver nanoparticles (AgNPs) on Si. After an appropriate rinsing, the wafers were immersed in an etching solution composed of HF/H2 O2 /H2 O in
different volume ratios 4:1:8, 4:1:20 and 4:1:40 (V/V/V) for 5–
30 min; following this chemical etching, the color of the substrates turns brown. Finally, the substrates were immersed

in HNO3 /H2 O solution (1:1, V/V) to ensure the complete removal of silver particles. After final rinsing and drying operations, the substrates turned black owing to the formation
of SiNWs. Graphene oxide (GO) was synthesized using Hummers’ method (Hummers and Offeman, 1958). The SiNWs/GO
nanocomposites were prepared by dipping the SiNWs in a
GO/water solution (1 mg/50 mL) and then dried at 50°C.
Surface micro-structure of the SiNWs were examined using a scanning electron microscope (SEM) (Testscan Vega
3, Tescan Analytics, France). Also, atomic force microscope
(AFM) (Nanosurf 3000, Park System, Korea) was employed for
surface characterizations. The AFM images were processed
and analysed using WxSM software (Horcas et al., 2007).
The transmission electron microscopy (TEM) images were obtained with a (Tecnai G20, FEI, USA) microscope operating at
200 kV and equipped with a LaB6 filament. Nanowire samples
were detached from the substrate and dispersed in ethanol,
and finally drop-casted on copper TEM grids.
The Raman analysis was performed on a Renishaw Raman
microscope using 488 nm laser excitation of 3 mW power with
50 × objective (≈ 1 μm2 spot size). All spectra were scaled to
10 sec integration time with 0.1% laser power.

1.3.

Photocatalytic studies

The photocatalysis experiment was carried out in a photochemical reactor (Techinstro, India) equipped with a 450W ultra-violet (UV) light source. The photocatalytic performances of the SiNWs and SiNW/GO samples (1.5 cm × 1.5 cm)
were evaluated throughout degradation of MB (a commercial
dye in an aqueous solution). The sample was placed in a bowl
containing 200 mL solution of MB (0.02 × 10−3 mol/L) and
the system was kept in dark for 10 min in order to establish adsorption-desorption equilibrium of dye over the surface. The solution was then exposed to UV light at ambient
temperature for duration up to 280 min. The temperature of
the reaction medium was kept constant using an external wa-
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Fig. 2 – Cross sectional scanning electron microscopy (SEM) micrographs of SiNWs fabricated at 5, 10, 15, 20 and 30 min
etching time in HF/H2 O2 /H2 O solutions having a volume ratio of: 4:1:8 (top row), 4:1:20 (second row) and 4:1:40 (third row).

ter circulatory chiller unit. Decay of absorbance of MB solutions was monitored at every 20 min using a UV-visible spectrophotometer. The degradation efficiency (DE) is calculated
using the following equation (Hajjaji et al., 2020; Yang et al.,
2014).
DE = ((C0 - Ct ) / C0 ) × 100% = ((A0 - At ) / A0 ) × 100%

(1)

where C0 and Ct are the initial and the final concentrations,
respectively; A0 and At are the initial and corresponding absorbance values of MB which were measured at the highest
absorbance peak of MB (665 nm), respectively.
In order to understand the effect of H2 O2 , the photocatalytic activity was also measured by adding about 50 μL of
H2 O2 to the MB.
In order to check the reproducibility of the measurements,
the photocatalytic tests have been repeated five times over
a one-week period. No notable changes have been observed.
Work is under progress to check the stability of samples for
longer period of time.

2.

Results and discussion

2.1.

Microstructural and morphological investigations

Silicon nanowires were successfully fabricated via the MACE
process at ambient temperature using three compositions of
HF/H2 O2 /H2 O etchant solution. The etching time has been varied from 5 to 30 min for each etching solution. The crosssectional images of as-grown SiNWs are as shown in Fig. 2.
We can see the formation of highly organized SiNWs; the distinct interface between the nanowires and the substrate indicates an almost uniform etching. One may notice that for

Fig. 3 – Evolution of nanowire length as function of etching
time for three different volume ratios of HF/H2 O2 /H2 O (4:1:8,
4:1:20 and 4:1:40).

a HF/H2 O2 /H2 O volume ratio of 4:1:8 the nanowire length enhanced considerably with the increase of etching time. A similar trend is observed for a volume ratio of 4:1:20 and 4:1:40.
Fig. 3 shows a quasi-linear dependence between the
nanowires’ depth and the etching time. Our observation is
concordant with previous studies where increasing etching
time enhances the NWs length (Moumni and Jaballah, 2017).
By varying the etching time from 5 to 30 min, the nanowire
length could be tuned from 14 to 42, 2 to 10 and 1 to 4 μm for
the volume ratios 4:1:8, 4:1:20 and 4:1:40, respectively.
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Fig. 4 – SEM images showing the top surface of the SiNWs fabricated at 5, 10, 15, 20 and 30-min etching using HF/H2 O2 /H2 O
volume ratio of 4:1:8 (top row), 4:1:20 (second row) and 4:1:40 (third row).

The corresponding decrease of the NWs length while moving from 4:1:8 to 4:1:20 to 4:1:40 could be attributed to the concentration decrease of the etching reagents (diluting effect).
This implies that higher concentrated HF and H2 O2 solution
(4:1:8) facilitates the etching process more rapidly. Moreover,
the nanowire diameter ranges from 29 to 56 nm for all samples, indicating that the NWs diameter is independent of both
etching time and etchant concentrations. Moreover, the individual nanowire diameter ranges from 29 to 56 nm for all samples, indicating that the NWs diameter is independent of both
etching time and etchant concentrations.
Fig. 4 shows a front view of the synthesized SiNWs. The
surface morphology appears as a “nanoforest” of vertically
aligned, dense and homogeneous nanowires; the latter are
found to be associated with intermittent occurrence of geometrical entities like bundles. One may notice that the increase of etching time leads to an appreciable increase of the
size of the nanowire bundles, leaving more and more space
between them. This could be explained by taking into account
the increased flexibility of nanowires when they become
longer (i.e., increase of the etching time) (Srivastava et al.,
2014). Therefore, longer nanowires can overcome existing surface tension forces and more often tend to join together to
form beams through the attractive forces of Van der Walls.
Apart from etching time, the effect of etchant composition
on morphological parameters has been studied. Comparably
larger bundles could be observed for 4:1:8 etching which system, further bundle size decreased successively for 4:1:20 and
4:1:40 respectively. As increased water content in etchants can
cause diluting effects, the etching rate can be reduced simultaneously that lead to decreased NWs length that eventually
cause reduction in bundle size.
Fig. 5 shows AFM image of SiNWs for various etching time
and volume ratios of HF/H2 O2 /H2 O. In addition, the appar-

ent shift in bundle size distribution towards higher etching
time has been further confirmed by analysing size distribution data. The root mean squared (RMS) surface roughness
values lie within the range of 300–560, 80–180, 30–160 nm for
HF/H2 O2 /H2 O volume ratios 4:1:8, 4:1:20 and 4:1:40 respectively (Fig. 6). One could confirm that lower etching time and
etchant with higher water content can reduce NWs bundle
size and the corresponding surface roughness and vice versa.
It appears clearly that in addition to etching time, etching solution composition is also an important parameter in
metal-assisted chemical etching process. Microstructural and
morphological properties are strongly affected by the etching
conditions. The different surface morphologies are mainly related to the reduction-oxidation reactions at the Ag-NPs/Si interface. The etching mechanism has been widely discussed in
previous reports (Chartier et al., 2008).
Decoration of SiNWs by GO has been confirmed by Raman
analysis (Fig. 7). The typical Raman spectrum of GO is characterized by a G band at 1576 cm−1 , which corresponds to the
E2g phonon of the sp2 C atoms, and a D band at 1346 cm−1 ,
which corresponds to the breathing mode of k point phonons
of A1g symmetry. Two other bands were observed at 2677 and
2926 cm−1 . The band at 2677 cm−1 is known as the 2D band,
is an indicator of the number of graphene layers. The band
is observed to be broadened due probably to the fact that
the prepared graphene contains few layers with some defects
(Moon et al., 2010).
Fig. 8 shows field emission scanning microscopy (FESEM)
and TEM images of individual SiNWs before and after the GO
modification. The cross-sectional view of SiNWs/GO composite has clearly demonstrated GO coating on the NWs (Fig. 8a).
Moreover, TEM image shows distinctly confirmed GO layers on
the SiNWs structure (Fig. 8b and c). The individual SiNWs has
a diameter around 60 nm and show relatively rough sidewalls
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Fig. 5 – 3D- atomic force microscopy (AFM) images of SiNWs fabricated at 5, 10, 15, 20 and 30 min etching using
HF/H2 O2 /H2 O solutions with volume ratios of 4:1:8 (top row), 4:1:20 (second row) and 4:1:40 (third row).

Fig. 6 – Variation of (a) the bundle size and (b) root mean squared (RMS) roughness with etching time.

composed of small Si nanoparticles (NPs), which could facilitate uniform coating of graphene oxide on to the NWs (Fig. 8d).

2.2.

Fig. 7 – Typical Raman spectrum of GO deposited on 10 min
etched SiNWs.

Photocatalytic properties

As-fabricated SiNWs and SiNWs/Go were investigated for the
photocatalytic degradation of MB under UV light irradiation.
Fig. 9 shows the absorbance of MB at different time intervals
and for different etching solution concentrations. The corresponding degradation efficiency of different NWs compositions are represented in Fig. 10a and b. The effect of etching
time on photocatalytic properties of SiNWs was studied using a HF/H2 O2 /H2 O volume ratio of 4:1:8 (Fig. 9a). The use of
bare Si does not show significant MB degradation after 280 min
(∼ 16%), while GO-modified Si show improved MB degradation (∼ 31%) for the same irradiation time (280 min) (Fig. 9b).
However, the degradation ability of SiNWs was found to depend on etching time up to 120 min of irradiation (Fig. 9a)
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Fig. 8 – (a) Field emission scanning electron microscopy (FESEM) and (b) transmission electron microscopy (TEM) images of
GO/SiNWs structure. TEM planar view of uncoated SiNWs at (c) low and (d) high magnifications.

where the degradation efficiency reaches 44%–47%. At this
stage (120 min of irradiation), 10-min etched SiNWs present
the best photocatalytic efficiency (47%). After 120 min of irradiation, SiNWs-based degradation seems to be independent
of etching time and we get approximately the same MB degradation profile for all samples. A thermodynamic equilibrium is
probably reached for all samples after 120 min. High surface
roughness contributes also the increase of the effective surface area and may then improve the photocatalytic activity.
In order to study the effect of GO, as-prepared SiNWs/GO
nanocomposites were subjected to photocatalysis investigations. GO modified SiNWs show enhanced degradation rate of
MB (51%–92%) (Fig. 10b) as compared to SiNWs (Fig. 10a).
The high photocatalytic performance of SiNWs/GO
nanocomposites could be associated with synergetic effects
due to the combination of highly conductive GO layer with
photoactive SiNWs (Zhong et al., 2015). GO acts as charge
mediator so that photogenerated electron-hole pairs could
be sufficiently separated thereby preventing their recombination. Moreover, GO can serve as a protecting layer and
effectively prevents self-oxidation of Si during the photocatalytic process thereby enabling to overcome the poor
photostability of the SiNWs.
Interestingly, after 280 min of UV irradiation 5-min and 10min etched SiNWs and coated with GO demonstrated higher
SiNWs/GO photocatalytic degradation efficiency of 87% and
92%, respectively (Fig. 9a). However, the photocatalytic activity of SiNWs deteriorates for high etching times (15–30 min).
This could be due to the decrease of the specific surface area
as etching time increases (Fig. 4), which in turn leads to low ab-

sorption of MB molecules. Thereafter high etching times and
subsequent low surface area would compromise the photocatalytic performance of the SiNWs/GO nanocomposite.
The photocatalytic activity of SiNWs was also studied as
function of the volume ratio of the HF/H2 O2 /H2 O etchant,
before and after GO modification (Fig. 9c). At 10-min etching, the SiNWs have higher photocatalytic potential for an
HF/H2 O2 /H2 O volume ratio of 4:1:8 than for a 4:1:20 and 4:1:40
ratios. As mentioned earlier (Fig. 3), 4:1:8 etched SiNWs are
longer than 4:1:20 and 4:1:40 etched samples, and then possess higher specific surface area. Therefore 4:1:8 etched SiNWs
has a high specific surface area, which can accommodate
more GO, leading to further enhancement of the degradation
efficiency of MB.
H2 O2 is well known to be an efficient electron scavenger
that can react with excited electrons of semiconductors to
form additional OH radicals and then enhance the photocatalytic ability largely (Yang et al., 2014). Furthermore, we have
evaluated the feasibility of hydrogen peroxide (H2 O2 ) addition in order to enhance the SiNWs/GO photocatalytic system
efficiency (Fig. 9d). The synergistic effects of SiNWs/GO and
H2 O2 could be attributed due to generation of more hydroxide
ions that activate the photocatalytic process (Yang et al., 2014).
The efficiency values of 96%, 93% and 92% were recorded for
4:1:8/GO/H2 O2 , 4:1:20/GO/H2 O2 , 4:1:40/GO/H2 O2 , respectively.
It seems that H2 O2 accelerates the photocatalytic degradation
of MB. The photodegradation rate of the developed structure
is almost 6 times higher than that obtained the bare Si and 2
times higher than that of one of Si nanowire prepared at the
same conditions.
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Fig. 9 – Variation of the absorbance of MB with irradiation time for (a) SiNWs prepared at HF/H2 O2 /H2 O volume ratio of 4:1:8,
(b) SiNWs/GO prepared at HF/H2 O2 /H2 O volume ratio of 4:1:8, (c) SiNWs and SiNWs/GO for different HF/H2 O2 /H2 O volume
ratios at 10 min etching time and (d) SiNWs/GO in presence of H2 O2 for different HF/H2 O2 /H2 O volume ratios at 10 min
etching time.

Fig. 10 – Graph showing photocatalytic degradation of MB with (a) etching time and (b) composition of etching solution of
NWs (the etching time is fixed to 10 min). Inset shows appearance of Methylene Blue solution before and after
photocatalysis using SiNWs/GO composite.
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Fig. 11 – Kinetic constant (k) of MB versus (a) etching time and (b) etching solution composition.

Fig. 11 depicts the variation of the degradation efficiency
with etching parameters. The rate degradation of MB with
SiNWs and SiNWs/GO were compared at different etching
time (Fig. 11a). The largest value of the rate constant k of about
9.09 × 10−3 min−1 was obtained for the SiNWs/GO nanocomposite prepared with 10 min of etching time. The kinetic constant (k) was calculated for first order kinetic model as follows
(Hajjaji et al., 2014a; Zulmajdi et al., 2017).

ln

C0
Ct


= kt

(2)

where t is the time.
A rate constant value of 2.45 × 10−2 min−1 was obtained
for the 4:1:8/GO/H2 O2 system (Fig. 11b).
Strong dependence of the degradation efficiency and kinetic constant on the average bundles’ diameter is obtained
(Fig. 12). High surface roughness contributes also to the increase of the effective surface area and may then improve the
photocatalytic activity.
A possible photocatalysis mechanism involving SiNWs/GO
nanocomposite is presented in Fig. 13. Upon UV light irradiation, SiNWs and graphene absorb photons whose energy
is larger than their band gaps. Consequently electrons (e− )
are excited to the conduction band (CB) leaving holes (h+ ) in
the valence band (VB). As GO facilitates the charge separation of electron-hole pairs, it can stabilize the separation of
charge carriers and charge transfer from silicon nanowires.
Electron transfer occurs from SiNWs to GO at the interface,
which could be followed by electron injection from GO to the
dye solution due to its high conductivity. The ejected electrons can react with dissolved oxygen to form superoxide
(O2 − ) radicals, which further reacts with water or hydroxide
ions (H2 O/OH− ) to form mainly hydroxyl radicals (OH. ) which
can attack MB molecules to form carbon dioxide (CO2 ) and water (H2 O). The photogenerated holes may attack dye molecules
directly or reacts with water or hydroxide ions (H2 O/OH− )
to form mainly hydroxyl radicals (OH. ), which can reduce

Fig. 12 – Degradation efficiency and kinetic constant (k) as a
function of the bundle diameter of the SiNWs.

MB as explained above. In the case of H2 O2 assisted photocatalysis, oxygen-oxygen (O-O) bond (in H2 O2 ) can be easily
cleaved by accepting electrons from SiNWs/GO photocatalyst
to form radicals such as OH. , OH2 . , O2 , which can further facilitate MB degradation. Hence incorporation of H2 O2 can dramatically improve the photocatalysis activity of SiNWs/GO
nanocomposites.
Previously, Brahiti et al. (2018) investigated the feasibility
of hydrogen terminated SiNWs for photocatalytic degradation
of MB and Methyl Orange. They found that various factors
such as substrate type, crystallographic orientation, doping
level, etching time and silver deposition influenced the morphology of the SiNWs. Further they showed that the corresponding morphological changes can affect the photoactivity
of hydrogen terminated SiNWs. In the current study we tried
correlating the effect of SiNWs morphology on their photochemical activity for degrading MB. The influence of etching
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Fig. 13 – Schematic diagram showing the possible mechanism of photocatalytic degradation of SiNWs/GO nanocomposite in
presence of hydrogen peroxide. e− : electron; h+ : hole; CB: conduction band; VB: valence band.

Table 1 – Obtained photocatalytic efficiency as compared with previously reported ones.

Photocatalytic structure

Concentration of
MB (mg/L)

Time (min)

Photocatalytic
efficiency

References

PbS/TiO2 - nanotubes
Ag - graphene nanocomposite
ZnO/SiNWs
ZnO/Cu2 O/SiNWs
ZnFe2 O4 @TiO2
SiNWs/GO + H2 O2
SiNWs/GO

–
10
64
32
20
6.4
6.4

30
360
100
120
180
120
280

75%
65%
65.8%
77%
98%
96%
93%

Hajjaji et al. (2020)
Khan et al. (2015)
Tang et al. (2018)
Hsiao et al. (2019)
Nada et al. (2017)
This work
This work

time and etchant composition on microstructural features of
SiNWs was analyzed. Our investigation gave an insight into
the importance of optimization of SiNWs microstructure as
function of MACE process parameters to yield better photocatalytic performance.
The developed hybrid system based on SiNWs and GO
presents certain advantages compared to previously reported
photocatalytic nanocomposites as highlighted in Table 1.
It is worthwhile to point out that we attempted to optimize a reliable, low cost, efficient and eco-friendly photocatalyst system for cleavage of organic dye moieties. Further work
is necessary to understand the photocatalytic performance of
the developed SiNWs/GO nanocomposite system under visible light irradiation.

SiNWs. The length of the nanowires was increased from 14
to 42, 2 to 10 and 1 to 4 μm when the volume ratio of
HF/H2 O2 /H2 O etchant solution varies from 4:1:8, 4:1:20 and
4:1:40, respectively, as the etching time increases from 5 to
30 min. The corresponding changes in surface and NWs topography and bundling formation have been investigated
and correlated to the photocatalytic performance. The photocatalytic efficiency for degrading MB was significantly enhanced for SiNWs/GO nanocomposites, which further enhanced by adding hydrogen peroxide. SiNWs fabricated using
4:1:8 etchant at 10 min etching time was the optimum composition for getting highest photocatalytic activity.
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