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ABSTRACT: Cu,ZnSnS, nanocomposites were synthesized via facile hydrothermal method. The structural, compo-
sitional and morphological properties were investigated. The X-ray diffraction study revealed that the Cu,ZnSnS,
synthesized exhibit, kesterite phase Cu,ZnSnS,. The field emission scanning electron microscope images showed the
highly compact microsphere morphology. Copper-rich and zinc-poor composition were detected by the Energy dis-
persive spectroscopic analysis, which is suitable for best photovoltaic effect. UV-visible spectroscopy analysis showed
strong absorption in visible range. The direct band gap of Cu,ZnSnS,; nacocomposite was estimated to be of 1.56 eV.
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INTRODUCTION: Properties shown by nanoscale
materials are different from those of their bulk materi-
als. For this reason, synthesis and optimization tech-
nique for production of nanoparticles have been inten-
sively investigated during the last few decades. In
solar cell device light absorber material plays a key
role. It has optimum direct band gap around 1.5 eV,
earth-abundant composition, and high absorption co-
efficient > 10* cm™' [1-3]. The CZTS compound exist
in kesterite and stannite phase with space group
I 4and I 42m respectively [4, 5]. These phases belong
to tetragonal structures, with cubic closely packed
array of sulfur as an anions, and cations positioning at
one half of the tetrahedral voids, with a stacking simi-
lar to zinchlende with lattice constant a = 5.46 A and
¢=10.93A [6]. The Cu,ZnSnS, (CZTS) nanocomposite
is challenging light absorber material, has drawn
world-wide attention due to its outstanding perfor-
mance in photovoltaic applications. Nanocrystalline
CZTS have potential applications as counter elec-
trodes for high efficiency dye-sensitized solar cells [7-
9].

CZTS nanocrystalline materials have been synthe-
sized using hot-injection method [10]. Hierarchical
CZTS particle were synthesized using solvothermal
process [11, 12]. However, an environment-friendly
and low-cost route for synthesis of high quality CZTS,
such as hydrothermal method is highly desirable. Hy-
drothermal synthesis does not require any expensive
precursors or equipment. In the current work, CZTS
nanocomposite was synthesized using hydrothermal
rout and water as a solvent. The structural, optical and

morphological properties of CZTS nanocomposite
were studied by varying the molar concentration of
precursor solution.

MATERIAL AND METHODS: All AR grade
chemicals were purchased from S. D. Fine Chem. Ltd.
and used without further purification. Initially an ap-
propriate amount of (0.01M) CuSQy, (0.01M) ZnSOy,
(0.01M)SnCl, and (0.04M)SC(NH,), dissolved in 250
ml of doubled distilled water. The resultant solution
was stirred for 10 to 15 minutes and transferred in to
Teflon-lined stainless-steel autoclave filled up to 75%
of its capacity. The autoclave was kept in hot air oven
maintained at temperature of 180°C or 24 h, without
stirring during heating. After completion of reaction
time, autoclave was allowed to cool naturally at room
temperature. The final product was dried in air at
80°C for 4-6 h and used for further characterizations.
The experiment was repeated with 0.03M and 0.05M
metal ion precursors while 0.12M and 0.2M sulfur
precursor. The samples prepared were named as Al,
A2 and A3 respectively.

For phase identification, X-ray diffraction (XRD)
patterns were recorded using XPERT-PROMPD X-ray
diffractometer, with CuK, radiation (A = 1.5405 A) in
20 range of 20-80°. The surface morphology and
composition of samples were studied by scanning
electron microscopy (FESEM) (JEOL, JSM-IT300))
equipped with energy dispersive X-ray spectroscopy
(EDS). The optical properties of the material were
studied by UV-Vis (Shimadzu UV 1800) absorbance
spectrophotometer in wavelength range 400 to 1100
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nm at room temperature. The absorbance spectrum
was measured by ultrasonically dispersing the powder
sample in ethanol.

RESULTS AND DISCUSSION:

Phase analysis by XRD: Figure 1shows the XRD
pattern of CZTS nanocomosite. For all the three sam-
ples (Al, A2, A3) of different solution concentration,
major diffraction peaks seen at 20 = 28.5°, 47.6° and
56.6°, which are assigned to the (112), (220) and
(312) planes (JCPDS 26-0575). According to
Scherrer’s equation, the grain size is estimated to be
about 5 nm from the (112) diffraction peak. Formation
of CZTS is initiated by the formation of Cu,.S
nanocrystals as a result of reduction of Cu®* to Cu®.
This is followed by the rapid diffusion of cations Sn**
and Zn*" to the crystal framework of Cu,,S to form
CZTS [13]. It can be seen from figure that at lower
precursor concentration (Al) secondary phases like
CuS, Cu,ZnSn; were observed. This may be because
of non-decomposition of binary phases during for-
mation of CZTS compound. However, at higher pre-
cursor concentration (A3), these phases were decom-
posed into CZTS nanocomposit.
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Figure 1: XRD pattern of the CZTS
nanocomposite synthesized with different molar
concentration.

Morphological and compositional analysis: Figure
2 (Al-A3) represents the FESEM images of CZTS
nanocomposite. Inset of the figure 2 (A2) shows the
distribution of microsphere of diameter with 1 to 3um.
The microspheres are covered with spherical grains
typical size around 100 nm in diameter. At higher
concentration the chain of interconnected spherical
grains formed. Closer inspection of figure 2(A3) re-
vealed that the microspheres become more compact
with interconnected spherical grain. In order to under-

stand the composition of CZTS nanocomposite EDS
analysis was carried out. Figure 3 represents elemental
composition of CZTS nanocomposite with variation
of precursor concentration. It is clear that the sample
prepared was near stiochoimetric.

Figure 2: FESEM images CZTS nanocomposite of
three different compositions.
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Figure 3: Histogram showing the comparison of
elemental composition in CZTS nanocomposite.

Tablel: Elemental composition of CZTS
nanocomposite.

Sample Cu Zn Sn S

Al Cu, Zn, Sn-0.01
M and S-0.04 32.87 | 13.10 | 13.08 | 40.94
/2 Cu. 21, Sn- 32.84 | 11.10 | 10.87 | 45.19

0.03M and S-0.12 M
A3 Cu, Zn, Sn-0.05
M and S-0.4M

25.10 | 9.58 | 19.02 | 46.30
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Optical study: The band gap was estimated by plot-
ting the graph of (ahv)? vs (hv) and extrapolating with
energy axis as shown in figure 4. The value of band
gap for CZTS nocomposite was estimated to be 1.56
eV. The band gap was found to be strongly dependent
on the particle sizes of the products [15]. The structure
may also affect the band gap of the product.
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Figure 4: (ahv)?vs (hv) plot of CZTS
nanocomposite synthesized using three different
solution compositions.

CONCLUSION: CZTS naocomposite were success-
fully synthesized using low cost, environment friendly
hydrothermal method. It is investigated that the
change of precursor concentration of solution affects
the structural and morphological properties of CZTS
nanocomposits. All the sample showed kesterite phase
CZTS. However, at lower precursor concentration,
CuS and CuzZnS; phases were observed. The FESEM
images of CZTS product reveled compact micro-
sphere with 2 to 5 um diameter. EDS data reveled
that, Cu rich and Zn poor product. From UV-Vis ab-
sorption analysis direct band gap of 1.56 eV for mi-
crospheres were estimated.
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