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Improved performance of SnS/
MWCNT heterostructures for
photocatalytic, energy generation
and supercapacitors applications

P. Sakthi!, J. Uma2*“, B. Balraj® & K. Arulvendhan*

Semiconductor/graphene allotropes have shown remarkable performance in energy applications

in recent years. Efficient visible-light-performance SnS/MWCNT photocatalytic heterostructured
nanomaterials were prepared using a simple ultrasonic technique. A tetragonal MWCNT crystal
structure and an orthorhombic SnS crystal structure were identified in the composite material
through structural research. The uniformly distributed 5 nm SnS nanoparticles on the MWCNT
nanosheet surface were visible in TEM images.The addition of SnS nanoparticles to MWCNT resulted
in improved visible-light absorption, as proven by UV-vis absorption spectroscopy tests, highlighting
its technological significance. The composites produced greater supercapacitance of 1611.89 F/g,
1523.89 F/g, and 1453.2 F/g for 0.5 A/g current density for various concentrations of MWCNT, according
to electrochemical measurements. The higher efficiency of 13.1% was evident in photovoltaic
experiments using the nanocomposite.lIt also exhibited an excellent photodegradation efficiency of
about 90%. It was found that the nanocomposite’s efficiency was greater than that of pure SnS and
MWCNT.
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Organic contaminants are commonly destroyed using semiconducting photocatalysts. TiO, is one kind
of semiconducting photocatalyst that is a focal material for photodegradation of dye. However, the high
recombination rate of electrons and holes limits its photo-efficiency and photo-response activity. Moreover,
its broad energy gap (3.0- 3.2 €V) is only sensitive to UV light.For visible light-responsive photocatalysis, new
photocatalysts are therefore needed. As a result, novel photocatalysts are required for visible light-responsive
photocatalytic applications. Metal sulphides, being a major semiconductor, have been employed in a variety of
applications, including laser communication' and LEDs, hydrogenation processes?, CO-shift reactions®, and
non-linear optical features* due to their quantum size effect. Metal sulphides’ photocatalytic characteristics have
attracted a lot of attention in recent years.

Tin sulphide (SnS) is an orthogonal semiconductor material belonging tothe chalcogenides group with a
1.3 eV direct bandgap, which has good response in optoelectronics, photovoltaics, and the anode applications
of lithium-ion batteries®”. It offers advantages such as a more visible absorption coefficient (> 10* cm™!), strong
carrier mobility, and p-type electrical conductivity. In addition to being less toxic, tin and sulphur are both
abundant in the Earth’s crust.Solar cells with thin films based on SnS have made significant progress in recent
years, with device efficiency reaching 4.36%!°. Photocatalytic capabilities of SnS nanostructures, on the other
hand, are rarely mentioned in the literature.Because of its excellent physical and chemical properties, SnS has
arisen as a promising material in supercapacitor applications!!!*.

Carbon-based nanomaterials especially multiwalled carbon nanotubes have an immensive use as a substance
for the electrode in supercapacitor applications. Because of its transfer of ions and electronic conduction at
the electrodes, along with faster and reversible methods of charge transfer, supercapacitors can produce higher
power per active material mass!4~!>. Carbon is a preferred electrode material for its better electrical conductivity
and compatibility with electrolytes. The MWCNT exhibits good electrical conductivity; asits thin films have
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also a larger surface area accessible for ions to adsorb onto, they consequently offer improved energy storage.
Due to its good electron transfer properties!®!3, it is also used in DSSCapplications.Multi-walled CNTs are
excellent adsorbents witha high surface area that createsmore number of active sites for pollutant photocatalytic
degradation’®-2,

Despite the significance, SnS has limited electrical conductivity and cycling stability. Also, CNTs lack
homogeneous dispersion which in turn affects the supercapacitor performance. In the photocatalytic process, SnS
has reduced stability where CNTs encounter problems in functionalization. In DSSCs SnS faces light harvesting
problems due to its band alignment, and CNTs suffer from electron injection.Nowadays, nanocomposites and
nanohybrids have been developed to address the challenges faced by independent nanomaterials. The metal
oxides or metal sulphides combined with carbon-based materials produced surface modifications that resulted
in increased conductivity and stability. In recent years, these nanocomposites have emerged with extensive
use as electrode material for supercapacitors??24, solar cell applications®?%, and dye degradation?”?%. In this
present study, the challenges faced by SnS and CNT were encounteredin the fabrication of the SnS-MWCNT
nanocomposite. This SnS-MWCNT with excellent electronic, and structural properties would increase the
electrical conductivity of the supercapacitors, and improved charge separation and its effective charge transport
would increase the light absorption in the DSSCs.

Photocatalytic activity

The photocatalytic mechanism of SnS/MWCNT nanocomposite is shown in Fig. 1.The semiconductor SnS
absorbs light energy and the electrons are excited from the valence (VB) to the conduction band (CB). Owing
to the admirable electrical conductivity and better surface area, MWCNT accepts the high energy electrons
from the CB of SnS. Superoxide radicals (-O,7) are created when the photoexcited electrons on the MWCNT
breakdown oxygen. The holes of SnS in the VB react with water to produce hydroxyl ions'®. Thus, the produced
superoxide anions and hydroxyl ions break down the organic pollutants such as dyes into smaller molecules
(CO, and H,0).

Charge storage

The metal sulphide SnS undergoes redox reactions when in contact with an electrolyte. This redox reaction
causes both intercalation and deintercalation of electrolytic ions into the structure of SnS. Being an excellent
conductor, MWCNT facilitates the quick electron flow to and from SnS. Moreover, MWCNT provides good
structural support that prevents SnS from agglomerating. The charging takes place when the electrons leave
the external circuit to the working electrode made of SnS/MWCNT nanocomposite.The positive ions of the
electrolytic solution either participate in the intercalation of SnS or the redox reaction. The discharging happens
when SnS releases the ions into the electrolyte. The pseudo-capacitance behaviour of SnS and the conductive
property of the MWCNT enable improved charge storage.

Experimental section

Material fabrication

MWCNTs (multi-walled carbon nanotubes) were first acquired from Ad-Nano Technologies in India. The
MWCNTs were used in the tests without being purified in any way. MWCNTs of 0.05, 0.1, and 0.15 g were
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Fig. 1. Photocatalytic mechanism in SnS/MWCNT nanocomposite.
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distributed in separate 100 ml of concentrated HNO, solution and then refluxed at 90 °C for 12 h to functionalize
the surfaces of CNTs. The CNTs were recovered by centrifugation after the reflux process and washed many times
with water to ensure neutrality. Finally, 60 ml water was added to the oxidized MWCNT/water combination.
Each functionalized CNT solution was used to make the SnS decorated CNT preparation.In each container, 1
mM of SnCl, and polyvinyl pyrrolidonein 2 g amounts were also well dissolved. The mixture was thoroughly
sonicated until it yielded a homogenous solution.Under sonication conditions, to each mixture, NaZS of 1.2mM
dissolved in 50 ml waterwas added. The sonication was maintained for another 20 min after the Na,$ solution
had been completely added. An ultrasonicate bath with high-intensity running at 20 kHz and with a maximum
power output of 500 W was used for the sonication. The resulting nanocomposites were separated from the
mixture using centrifugation. Thus, unreacted compounds and soluble by-products were removed by washing
the collected nanocomposites many times with solvents such as ethanol, water, and acetone. The nanoparticles
were then dried at 100 °C for 2 h before being used for further testing.The pristine SnS nanoparticles were also
synthesized in the same protocol in the absence of carbon nanotubes.

Characterization

The crystalline information of SnS QDs adorned MWCNTS was investigated using a model of X’pert Pro X-ray
diffractometer supplied by PANanalytical Products. Cu K radiation with an X-ray wavelength of 1.5406was
employed. The morphology of the SnS/MWCNT nanocomposite was obtained using a JEOL JEM-2010 model
(Japan) high-resolution TEMwhich operates at 200 Kilovolts. Within the absorption spectrum between 200
and 800 nm, a Shimadzu-made UV-vis spectrophotometer (UV-3600) was used to record the nanocomposites’
absorption spectra.

Electrochemical measurements

The electrochemistry applications of SnS/MWCNT QDs were investigated utilizing a three-electrode setup
and an electrochemical cyclic voltammetry analyzer (Princeton applied research equipment). Platinum wire
as counter electrode, Ag/AgCl as reference electrode, and SnS QDs-adorned MWCNT nanosheets covered
ITO substrates(working electrodes) were used in the electrochemical tests. The electrolyte solution used for all
electrochemical reactions was an aqueous solution containing 1 M of KCL

Fabrication of DSSCs

SnS QDs adorned MWCNT nanosheets were used to make dye-sensitized solar cells. The photoelectrodes were
made of SnS and SnS nanocomposite, and the dye sensitizer of monolayer crystal structured such as N719 was
employed to form a covalent bond with the photoelectrode layers, enabling the local capture of light and the
photoexcited electrons to be obtained from the nanocomposite. In the DSSC fabrication, the counter electrode
was chosen as the Platinum-coated indium tin oxide (Pt-ITO) substrate. A 10 um thickness was used for the
photoanode made of nanocomposite.Forthe fabrication of the DSSC, the sensitization time of the dye was about
12-16 h.The Pt-ITO was placed above the framework of the device. A hot plate was used to heat the cell’s
edges for 2 min at 100 degrees Celsius. After that, a polychemical sheet from Mitsui-Dupont Polychemical
PECHM-1 m was used to seal the cell. In the DSSC, the electrochemical redox solution consists of a mixture of
potassium iodide (KI) of 0.5 M and I, in 4-tert-butylpyridine of 0.05 M. After thoroughly mixing the mixture
with an ultra-sonicator, a drop of the redox solution was inserted into the counter electrode through a drill hole.
Immediately, the opening was sealed tightly. The final DSSC cell structure was 0.5 cm x 0.5 cm in size.

Visible light photocatalytic measurements

The visible light photocatalytic activities of ultrasonically SnS-decorated multi-walled carbon nanotubes were
investigated using the methylene blue dye degradation process. To begin, a 100 ml of 20 ppm of methylene blue
dye solution was prepared. The photocatalyst for the degradation process was made up of 40 mg of nanomaterials.
The light source for the responses was a 20 W LED light source obtained from Philips. Throughout the procedure,
a 5 ml dye mixture was collected at regular intervals. The solution was centrifuged, and the liquid above the
precipitate was studied using a UV spectrophotometer for dye absorption intensity.

Results and discussion

XRD analysis

The crystalline information of SnS-decorated multi-walled carbon nanotubes was studied from the XRD
patterns shown in Fig. 2. The hexagonal graphite structure was represented by the pattern in pristine MWCNT.
The (002), (100), and (101) diffractions of the hexagonal graphite structure wererelated to the peaks obtained
at the two theta angle points of 26.09°, 42.86°, and 44.9°, as described elsewhere.The polycrystalline SnS
orthorhombic single-phase system was shown by the XRD pattern generated was in accordance with standard
JCPDS card number 39-03542°. There were crystallographic planes (110), (121), (021), (101), (111), (131), (141),
(002), (211), (003) and (042) that can be associated with the peaks observed at different 20 positions of 22.04°,
26.02°, 26.9°, 30.47°, 31.5°, 39.05°, 44.5°, 45.5°, 48.60°, and 56.62°. The orthorhombic crystal system with a pure
phase might be the cause of inappropriate peaks in the pattern. The bigger crystalline peaks and the peak full
width at half maximum are responsible for the sub-nanoscale crystalline size.The obtained XRD patterns of the
nanocomposite also exhibited the same crystalline peaks of SnS nanoparticles. However, the intensity of the
crystalline peaks of the SnS nanoparticles has decreased and broadened with increasing concentration of CNT.
Because of the van der Waals forces, CNTs tend to form clusters at larger concentrations. These clusters lead to
the peak broadening shown in XRD is caused by the variations in the electronic and vibrational states of the
CNT. Additionally, the aggregates cause the CNT to become less homogeneous which leads to peak broadening.
To ascertain the material’s, crystalline size, the Scherrer equation was applied. The peak broadening at higher
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Fig. 2. XRD Patterns of MWCNT (JCPDS No. 96-101-1061), SNS nanoparticles (JCPDF No. 00-39-0354) and
SnS decorated MWCNT.

concentrations was also evidenced in the literature reported®’. This indicates that the formation of smaller
particles for the higher CNT concentration is due to the availability of a vastly increased active surface area and
nucleation sites presented for the SnS formation.

Morphological analysis

Field Emission Scanning Electron Microscopy (FESEM) and Transmission Electron Microscopy (TEM) were
employed to evaluate the morphological characteristics of the synthesized nanocomposites, as shown in Fig. 3.
In Figs. 3a, the interconnected nanoparticle architectures can be observed in pristine MWCNT. In addition to
the spherical morphology, rod-like structures are also present in the SnS-decorated MWCNTs, as shown in
Fig. 3b. Elemental analysis was performed using Energy Dispersive Spectroscopy (EDS), as shown in the Fig. 3c.
The analysis confirms the absence of impurities in the sample, and the elemental peaks are within the appropriate
range for the expected materials. The SnS nanoparticles exhibit a nanoparticulate structure with particle sizes
ranging from 5 to 20 nm, and an average particle size of approximately 7 nm, as confirmed in the inset of
Fig. 3e. The chemically functionalized MWCNTs are 15-30 nm in diameter and a few micrometers in length.
TEM images (Fig. 3d,e) clearly show the homogeneous distribution of SnS nanoparticles on the surfaces of the
carbon nanotubes. The average particle size of the SnS nanoparticles decorated on the MWCNTs was around
6-7 nm. Notably, no isolated SnS nanoparticles were observed, indicating that the MWCNTs were uniformly
decorated with SnS nanoparticles. Furthermore, it was possible to distinguish SnS nanoparticles attached to the
CNT surfaces from those embedded within the CNTs.
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Fig. 3. FESEM images of (a) MWCNT (b) SnS decorated MWCNT, (c) EDS analysis SnS decorated MWCNT,
TEM images of (d-f) and SnS decorated MWCNT and (inset of e) Size Distribution SnS decorated MWCNT.

Optical properties

Energy applications rely heavily on the optical characteristics of the semiconducting nanomaterial. The
absorbance spectraof SnS nanoparticle-decorated carbon nanotubes produced by the ultrasonication method
were examined in the 200-800 nm wavelength range, as shown in Fig. 4. Using pure acetone as the control
solvent, the nanoparticles were evenly dispersed throughout the acetone to provide a homogeneous solution
for recording absorption spectra. SnS nanoparticles generally show remarkable absorption characteristics
and broad spectral responsiveness. The absorbance spectrum of the pristine MWCNT exhibited broad region
absorption in our measurement. The SnS nanoparticle deposited on the surfaces of the MWCNT exhibited
enhanced spectral absorption in the visible region and UV region. Withan increase in the concentration of
MWCNT, more absorption was realized in the specimens.

Supercapacitor performance

Cyclic voltammetry and galvanostatic tests (charging and discharging techniques) were used to analyze the
supercapacitance behaviour of pure SnS, pure MWCNT, and their hybrid systems. We employed a 3 M KOH
electrolyte solution in our experiments to facilitate the electrochemical reactions. Figure 5a-c displays the curve
produced by cyclic voltammetry measurements the graph generated by cyclic voltammetry measurements
of SnS, MWCNT, and SnS/MWCNT hybrid samples. The graphs are produced for all nanomaterials in the
electrode potential range of -0.3 V to 0.5 V at various scanning speeds between 10-50mV/s. The curve exhibited
the quasi-rectangular shapefor all specimens indicating how SnS, MWCNT, and SnS/MWCNT nanoparticle-
based electrodes behave in terms of electrical capacitance. The rectangular curves indicate that the produced
nanocomposites have a double-layer capacitance type.

Using the formulae below, the graphs were used to calculate nanomaterials’ specific capacitance values?!.

1 vf
S
T mkAv

S stands for the area surrounded by the curve encircled by the cyclic voltammetry curve, k is the specific
capacitance, m is the solid mass, and v is the electrode potential. The obtained specific capacitance of the
nanocomposite is represented as a graph in figure. 5(d) at various scanning rates. The graph depicts the link
between numerous nanospecimens’ scanning rates and specific capacitance. The graph indicates that the
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Fig. 4. UV-vis absorption spectrum of the obtained SnS/MWCNT nanocomposites.

particular specific capacitance obtained at reduced scanning speeds is greater than that obtained at higher
scanning rates in all nanospecimens. Increased OH- ion intercalation at lower scanning speeds might explain this.
The SnS/MWCNT hybrid nanospecimens produced higher specific capacitance than the bare SnS nanoparticles.

Additionally, GCD experiments were carried out employing electrodes made of SnS/MWCNT hybrid
nanospecimens. There were variations in the current density ranging from 0.5 A/g to 3.0 A/g, while the potential
window was adjusted from —0.3 to 0.5 V. The graphs developed as a consequence of this technique are shown in
Fig. 6a-c. Galvanostatic measurements were used to calculate the specific capacitances of the nanoparticles, with
the parameters discharge current density(I), discharge time (t), and measuring window(v) using the equation
Cp=I*t/ m*w.

The specific capacitances of 1611.89 F/g, 1562.77 F/g, 1478.23 F/g, 1322 F/g and 1189.67 F/g for CNL.5,
1523.89 F/g, 1467.76 F/g, 1398.45 F/g, 1299.98 F/g and 1021.89 F/g for CN1.0 and 1453.2 F/g, 1391.21 F/g,
1313.78 F/g, 1211.21 F/g and 976.45 F/g for CN 0.5 for varying current densities of 0.5 A/g, 1.0 A/g, 1.5 A/g,
2 A/gand 3 A/g were calculated. The values of specific capacitance are shown against the current density utilized
in the experiment. The graph in Fig. 6d depicts how specific capacitance varies as current density changes. The
high voltage drop resulted in a reduction in specific capacitance at greater current densities, according to the
graphs. This might be due to the inadequacy of the redox processesof the active hybrid nanospecimens.

The provided formulae were employed to compute the energy density and power density of the SnS/MWCNT
hybrid nanospecimens-coated electrodes.

Pi= E/t
E;= 1/2CV?

Where E; and P, are the energy and power densities, respectively, and C, V, and t are the specific capacitance,
potential window, and discharge duration. As demonstrated in Fig. 7, the values of power and energy densities
obtained are in good alignment with the usual supercapacitor area. Several charging and discharging cycles
were used to test the stability and recycling capabilities of nanocomposite-covered electrodes. As a result of
the research, a graph of capacitance retention vs. cycle number was produced (Fig. 8). In our investigation, we
conducted 1000 cycles and discovered that the samples had a low level of capacitance retention loss. After 1000
charging and discharging cycles, the nanoparticles preserved 99.6% of their capacitance. This indicates that
supercapacitors produced from the SnS/MWCNT nanoparticles obtained will last longer.

The performance of SnS/MWCNT was compared with thatreported in the literature. It was predicted that the
rGO@PANI produced a specific capacitance of 681 F/g at 1 A/g current density. After 5000 cycles of charging
and discharging, rtGO@PANI maintained a 91% capacitance retention®’. Another work with graphene/PANI
delivered a specific capacitance of 838 F/g at 1 A/g with 93.7% retention over 5000 cycles®. 178 F/g of specific
capacitance was found when the electrochemical tests were performed with the electrode made of ZnO@
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Fig. 5. CV curves of (a-¢) SnS/MWCNT nanocomposites and (d) Specific Capacitance Values at different scan
rates of SnS/MWCNT.

PdO/Pd nanocomposite®. A good specific capacitance of 267.5 F/g was delivered at 2 A/g for a mesoporous
a-Fe,0, nanowire electrode. It had a capacitance retention of around 87% after 2000 cycles*. The chemically
modified TiO, nanorods showed a specific capacitance of 57.6 mF/Cm? at 10mV/s*. It obtained an exceptional
capacitance retention rate of 91% over 10,000 charge-discharge cycles.

DSSC performance

The measured values of photocurrents of the fabricated devices and the accompanying J-V graphs are depicted
in Fig. 9. The graph visibly illustrates the DSSCs created with different nanocomposites containing different
amounts of MWCNT have the same photovoltaic performance trend. Table 1 lists the photovoltaic performance
parameters for all SnS/MWCNT hybrid nanospecimens-based DSSCs, including open circuit voltage (V ),
short circuit current (J_ ), fill factor (FF), and efficiency (n).

Imaxvmax
ISCVSC

* Fill Factor *100%

Fill factor (FF) =

Ef ficiency (n) in %

I ., constitutes the high current density, V__ represents the high voltage, I  represents the short circuit
current, V__represents the open circuit potential, and P, represents the light source’s input power.The input
power was calculated by multiplying the values of I _and V. SnS/MWCNT nanocomposites with DSSCs
had a higher efficiency (13.1%) than DSSCs based on pristine SnS (12%) and pristine MWCNT (9%). Similar
efficiency statistics have been reported in the works of literature®”-3. The elevated voltage and the current
density readingsachieved for the pure specimens can be ascribed to the improved efficiency of the SnS/MWCNT
nanocomposite samples. Possible causes for this include charge carrier migration via the contacts as a result of

energy band interactions.

Photocatalytic performance

The temporal history of the MB removal is depicted in Fig. 10 when the reaction mixture was taken from the
reactor at 10-minute intervals. With reaction time, the strength of the MB solution’s absorption peak, which
was centered at 664 nm, steadily decreased. Figure 10 (a-d) depict the photocatalytic degradation of MB for
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Fig. 6. (a-c) Galvanostatic charging-discharging of SnS/MWCNT nanocomposites and (d) specific capacitance
values at different current densities.
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various materials. Among them, CN-1.5 is the most successful at removing MB, achieving 100% eradication in
60 min under visible light. Therates of MB dye molecule photocatalytic degradation with different catalysts are
as follows: SnS < CN-0.5 < CN-1.0 < CN-1.5.The present work is compared with other materials such as TiO.,,
ZnTiO, and Cd ZnTiO, which produced a degradation efficiency of about 82%, 90% and 94% respectively*’.
N-ZnO/CD nanocomposite biosynthesized using organic soybean exhibited a degradation efficiency of 83.4%%!
against MB dye. According to the findings, when enough SnS wasadded into CNTs, MB’s photocatalytic activity
was suppressed. The photocatalytic activity of the CN-1.5 photocatalyst was likewise evidently removed after
four cycles under identical testing conditions, indicating that it has high stability and performance. The plots of
the c/c,, vs. time graph and the In(c/c,) vs. time are shown in Fig. 11.The mentioned chemical equations provide
the pathway of MB dye degradation.

SnS/MWCNT + hv — SnS (e + h™)
SnS(e—) + Oz — SnS + .03
.0; + H,0 — OH.

h" + H,0 - H"+ .OH

h™ + OH .OH —
MB dye +.0H — CO2+ H20

MB dye + .0; — COs+ H,O

Conclusion

The more efficient visible light performance SnS/MWCNT photocatalytic heterostructured nanomaterials using
a simple ultrasonic technique was generated. Structure analysis of the composite materials revealed tetragonal
MWCNT and orthorhombic SnS crystal structures. In TEM images, the 5 nm size SnS nanoparticles were
equally scattered on the superficial layers of the MWCNT were evident. UV-vis absorption spectroscopy tests
confirmed the boosted visible absorption in MWCNT following the loading of SnS nanoparticles, demonstrating
the technical importance. Electrochemical tests demonstrated that the composites at different concentrations
had greater supercapacitance values of 1611.89 F/g, 1523.89 F/g and 1453.2 F/g than pure SnS nanoparticles.
Additionally, we have shown a higher efficiency of 13.1%in photovoltaic experiments due to the heterostructures
of the nanocomposite. Furthermore, hybrid nanoparticles outperformed conventional nanoparticles in terms of
visible light photocatalytic degradations of MB dye. The present work can also be extended by optimizing the
synthesis methods involving spray pyrolysis, hydrothermal methods, or roll-to-roll fabrication. SnS/MWCNT
can also explored in the development of flexible sensors. Further, research may be conducted to improve the
surface chemistry between SnS and MWCNT which will boost the efficient charge transfer and thereby improve
the device performance.

Scientific Reports |

(2025) 15:22747 | https://doi.org/10.1038/s41598-025-07281-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

14 4 —+—CN -0.5

Current Density (mA/cm?)

0 — T T T T T 1
0.0 01 02 03 04

] |
05 06 07 08 09
Voltage (V)

Fig. 9. Current density vs voltage curve for SnS/MWCNT nanocomposites.

Concentration | J A Efficiency
DSSC Sample | of CNT (mA/cm?) (VS Fill Factor | n%
CN-0.5 0.05g 12.14 0.84 | 0.45 12.1
CN-1 0.1g 12.25 0.86 | 0.46 12.5
CN-1.5 0.15g 12.88 0.88 | 0.47 13.1

Table 1. Parameters associated with DSSC calculated from JV curves.
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Fig. 10. Photocatalytic degradation of MB dye using SnS/MWCNT nanocomposites and pristine SnS.
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Fig. 11. C/CO0 Vs time graph (a) In (C/C0) Vs time graph (b) of various nanocomposites.
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