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Solvothermal synthesis of CZTSSe for photovoltaic technology
D. Fraga, R. Marti, T. Lyubenova, L. Oliveira, A. Rey, S. Kozhukharov, J. Carda

Abstract: Solid solution of Cu,ZnSn(S, Se), with kesterite-type structure for low cost thin film solar cell
were successfully synthesised by solvothermal route. The influence of different solvents was investigated in
order to improve the preparation procedure. The physical properties of CZTS powders together with their
structural and microstructural analysis was performed using X-ray diffraction (XRD), scanning electron
microscopy (SEM) and energy dispersive X-ray analysis (EDX).
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INTRODUCTION

Chalcopyrite (CIGS) and Kesterites (CZTS), highlight as one of the most important
semiconductors nowadays, due to its unique optical and electrical properties [1,2]. In the
last years, an enormous scientific attention of these materials was focused. In particular,
the field of thin films technology filed benefits their applications in nonlinear optical
materials [3], infrared sensors and lenses [4], and as sources for solar energy conversion.

Kesterites (CZTS) are the most promising candidates for low cost thin film
photovoltaics. Recently, there has been an effort to investigate direct band gap Cu2ZnSnS4
(CZTS) and CuyZnSnSes (CZTSe) thin films for photovoltaic applications. CZTS and
CZTSe are particulary attractive material thanks to it low-cost, earth-abundant elemental
composition (Zn and Sn) and have relatively low toxicity [5-9].

In addition, significant record efficiencies (~10%) in this materials are obtained for
solid solution of Cu,ZnSn(S,Se)s [10]. Different synthesis procedures have been applied
for its preparation [11,12]. However, simple and rapid way of preparation, as it is a
solvothermal route, is proposed in this work. The physical properties of CZTS particles,
such as stoichiometric composition, structure, morphology were studied. Moreover,
different synthesis conditions were studied, evaluating the solvent influence to the final
compositions of CZTS.

EXPERIMENTAL

For the synthesis, 2 mmol of copper (ll) nitrate trihydrate (99%, Aldrich), 1 mmol of
zinc nitrate hexahydrate (99%, Fluka) and 1 mmol of tin (IV) chloride pentahydrate (98%,
Riedel-de Haén) in different solvents (ethyleneglycol and ethylenediamine) were dissolved,
keeping metal cation ratio Cu/Zn+Sn=0.8 and Zn/Sn=1.2 in order to rich stoichiometry
composition [10]. Afterwards, 5 mmol of thiourea (99%, Fluka) was loaded into teflon-lined
stainless steel autoclave. The mixture was heated to 170 °C for 48 h and then allowed to
cool to room temperature naturally.

The precipitate was washed and further calcined and selenized at 500 °C under
reducing atmosphere (Hz/Nz) in a tubular furnace. Finally, the products were collected for
characterization.

XRD patterns were recorded using a Siemens D5000D X-ray diffractometer in a
range from 10 to 70° (2 Theta) with a scan rate of 0.05° and step of 2 s. A Scanning
Electron Microscopy (SEM) model JEOL 7001Fattached with an energy dispersive X-ray
analysis (EDX) was employed to study the morphology and elemental composition of the
materials.

RESULTS AND DISCUSSION

The XRD analysis of CZTS powders obtained with ethyleneglycol as solvent (raw and
calcined) shows reflections corresponding to the Cu,ZnSnS, (JCPDS 26-0575) for the
non-calcinated sample. However, the calcined one suggest solid state solution formation
of CuZnSn(S,Se)4 according to the synthesis design.
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Figure 1. XRD patterns of CZTS (ethyleneglycol), before and after calcination at 500°C.

Figure 2 plots the XRD patterns of CZTS powders obtained with ethylenediamine as
solvent (initial and calcined). It can be observed that the initial powder exhibit peaks
corresponding to the diffraction lines of the Cu,ZnSnS4. On the other hand, the XRD of the
calcined powder shows only the present of Cu,ZnSnSe4 that reveal complete sustitution of
sulfur by selenium in the final composition. Small amount of impurities Cu,Se was also
detected.
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Figure 2. XRD patterns of CZTS (ethylenediamine), before and after calcination at 500°C.

The SEM micrographs (Figure 3 and 4) shows initial CZTS grains with average size
of 1 ym, but highly agglomerated. The calcinated sample keeps the same morphology with
certain level sintering.
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Flgure 3. SEM mlcrographs of CZTS (ethyleneglycol). Image (a) corresponds to the
sample before calcinations and (b) after 500°C treatment in a tubular furnace.

F|gure 4. SEM m|crographs of CZTS (ethylenedlamlne) Image (a) corresponds to the
sample before calcinations and (b) after 500°C treatment .

The chemical composition of both samples (CZTS with ethyleneglycol and
ethylendiamine) have been analyzes by EDX techniques. The results are listed below in
Table 1. The analysis of ethylenglycol’s sample displays acceptable homogeneity in both
compositions (as-synthesized and calcined), expressed in values corresponding to the
theoretical metal cation ratio [10]. However, in the elemental composition of CZTS,
perapred by ethylendiamine, it can be observed that both compositions (as-prepared and
treated) deviate significantly form the desired stoichiometry.

Table 1. EDX elemental compositional analysis of CZTS powders.

Atomic % Atomic ratio
S% Se% Sn% Zn% Cu% | Cul(Zn+Sn) Zn/Sn
Ethvlencalvool Raw 3290 - 1533 13.91 37.86 129 0.71
yienegly Calcined and Selenized 17.10 24.50 12.76 15.32 30.31 1.07 1.20
- Raw 4588 - 1223 836 3353 1.61 0.70
Ethylenediamine | & inod and Selenized  2.83 4327 1358 916 3117 |  1.30 0.70

CONCLUSIONS

CZTSSe powders with kesterite structure have been prepared by solvothermal
synthesis. The influence of different solvents was investigated. The use of ethylenglycol
favor the formation of kesterite solid solution Cu,ZnSn(S,Se)4 with better homogeneity, due
to greater chemical reactivity of the system, while the addition of ethylenediamine
demonstrated the formation of Cu,ZnSnSe, together with certain amount of impurities.
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Insignificant microstructural variations have been observed for both samples as analogous
morphology displays the use of ethylenglycol and ethylenediamine as solvents.
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