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CuBiS2 bulks were prepared by reactive sintering the mixture of Cu2S and Bi2S3 at 300, 350, 400, and
450 °C for 2 h and at the sintering temperature of 400 °C for 1, 1.5, 2, 2.5, and 3 h under a compensation
disc of CuS for atmospheric control. Composition, structure, morphology, and electrical properties of the
sintered bulks were analyzed. The compositions of Cu, Bi, and S did not change until the temperature
reached at 450 °C.The highest electrical conductivity of 4.3 S cm�1 and the highest Hall mobility of
11.1 cm2 V�1 s�1 were obtained for CuBiS2 sintered at 400 °C for 2 h. The deviation in the S/(CuþBi)
ration caused the degradation of electrical properties, though the CuBiS2 remained as a single phase.
Therefore, CuBiS2, a less studied ternary copper based sulfide, is the p-type semiconductor for potential
energy-related application and needs to have a good control in composition.

& 2015 Elsevier Inc. All rights reserved.
1. Introduction

The I–V–VI2 ternary copper based sulfides such as CuSbS2 (mineral
name chalcostibite) and CuBiS2 (emplectite) are expected to become
promising absorber materials for sustainable and scalable photo-
voltaics because of their absorption across the visible solar spectrum
as well as their abundant elements with low toxicity compared to
those of CIGS and CdTe [1,2]. CuBiS2 in particular is a semiconducting
material [3] with a band gap energy (Eg) of 1.55 eV [1], 1.60 eV [2],
1.8 eV [3], 1.58 eV [4], 2.19–2.62 eV [5], 1.5–1.7 eV [6], or 1.65 eV [7]; an
absorption coefficient of 0.93�105 cm�1 [6] and 1.5�105 cm�1 [4]
have been reported. There were controversies about the direct and
indirect band gap energy nature of CuBiS2. Some publication has re-
ported as it has the direct energy gap [7] and others the indirect one
[2,4,6]. There were also contradicting reports about its conductivity
type. Some report has been mentioned as it is a p-type semiconductor
[9] and others an n-type one [3,7,8]. Concerning other electrical
properties of CuBiS2, a hole concentration of �1017–1020 cm�3 [8,9], a
hole mobility of �0.5–14 cm2 V�1 s�1 [8], and an electrical con-
ductivity of 10�4–10�7 S cm�1 [7] have been reported. Most of the
reports have agreed about the crystallographic structure of CuBiS2. The
crystal structure of CuBiS2 is orthorhombic space group Pnma with
lattice parameters a¼6.1426 Å, b¼3.9189 Å ,and c¼14.5282 Å [ 9–13].

CuBiS2 has been prepared by various methods, such as chemical
bath deposition [3,5,8,14], spray pyrolysis [7], dry sulfide synthesis
uo).
technique [12–15] and reacting appropriate sulfide mixtures in
evacuated silica tubes 16]. As far as we know there are no much
studies on CuBiS2 but it is expected to be interesting for en-
vironmentally amenable solar cells, as its constituents are nontoxic
and are relatively abundant in the earth's crust. Razmara et al.
reported that in the system Cu2S–Sb2S3–Bi2S3, CuSbS2 and CuBiS2
do not form a complete solid solution series, rather an im-
miscibility gap was reported at the Bi-rich end. They were unable
to do further investigations because the synthesis of emplectite
from pure elements or from (Cu2SþBi2S3) is very sluggish, parti-
cularly if the high temperature form, cuprobismutite (Cu4Bi7S12), is
involved in the re-equilibration process. When one sample was
heated in differential scanning calorimetry (DSC), CuBiS2 showed
an endothermic heat effect (2.45 kJ/mol) at 472 °C due to the
breakdown reaction to Cu3BiS3 (wittichenite) plus Bi2S3 (bis-
muthinite) [12]. According to Wang et al. CuBiS2 is known to have
stability ranges extending from higher temperatures down to be-
low 200 °C. They added that the high temperature hexagonal Cu2S
solid solution series on the Cu2S–Bi2S3 join, was redetermined to
cover a homogeneous Cu/Bi range from 12/1 to about 5/1 at 500 °C
[15]. As it has been described above, CuBiS2 has been prepared by
different researchers by different methods. Some preparation
techniques take longer periods of time, for instance 20 days by Ref.
[16] and their results have shown some anomalous in crystal-
lization, densification, and the enhancements of mobility and
electrical conductivity. The objective of our experiment is to un-
derstand and find a better condition for sintering CuBiS2 bulks
with improved crystallinity, morphology, grain size, and electrical
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Fig. 1. EDS composition analyses of CuBiS2 pellets sintered at (a) 300–450 °C for 2 h
and (b) 400 °C for 1–3 h.

Fig. 2. XRD diffraction patterns for CuBiS2pellets sintered at (a) 300–450 °C for
2 hand (b) 400 °C for 1–3 h. The XRD pattern of the un-sintered powder mixture of
Cu2S and Bi2S3 is included for the comparative purpose.
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properties. Thereafter, we can have better knowledge for growing
CuBiS2 thin films. In this study, CuBiS2 bulks were synthesized by
reactive sintering. Composition, crystal structure, and micro-
structure as a function of sintering temperature and duration were
investigated. The electrical properties such as electrical con-
ductivity, Hall mobility, and carrier concentration were also
evaluated.
2. Experimental section

CuBiS2 bulks were prepared by reactive sintering method at
300 °C, 350 °C, 400 °C, and 450 °C for 2 h and at the sintering
temperature of 400 °C for different durations of 1 h, 1.5 h, 2 h,
2.5 h, and 3 h. The commercially available Cu2S (99.8% metal basis)
and Bi2S3 (99% metal basis) powders with the Cu/Bi molar ratio of
1.357, i.e. using an excess of Cu2S and a deficiency of Bi2S3 were
mixed by a conventional ball milling procedure for 24 h. After a
forming process of cold pressing, these pellets were sintered by a
step-heating process with a holding at 250 °C for 1 h before
reaching the sintering temperatures. During sintering, CuS as a
compensation disc was used to establish the chemical potential of
sulfur in the gas state to avoid the vaporization of sulfur from
sintering pellet. The as-milled and un-fired mixture of Cu2S and
Bi2S3 powders with the Cu2S/Bi2S3 molar ratio of 1 was also
prepared for the purpose of XRD analysis.
Composition and growth morphology of CuBiS2 pellets were

characterized by a scanning electron microscope (SEM, JEOL JSM-
6390LV) equipped with an energy dispersive spectrometer (EDS).
Crystal structure was analyzed by X-ray diffractometry (XRD,
Bruker D2). A Hall measurement system (ECOPIA HMS 2000) with
a Van der Pauw method was used to measure electrical properties
of carrier concentration, mobility, and electrical conductivity. The
electrical contact was made of silver paste followed by a baking
procedure at 100 °C.
3. Results and discussion

Fig. 1 shows EDS composition analyses of CuBiS2 pellets sin-
tered at (a) 300–450 °C for 2 h and (b) 400 °C for 1–3 h . In order to
achieve more factual data, the corresponding values were re-
corded by averaging of areal EDS analysis containing about
8 grains at five different zones on the surface of each sample. The
relative errors were near to 3–5%. After sintering at 300 °C, 350 °C,
400 °C, and 450 °C for 2 h, the Cu/Bi ratios were 0.97, 0.94, 1.02,
and 0.98 and the S/(CuþBi) ratios were 1.02, 1.01, 1.0, and 0.96
respectively (Fig. 1(a)). The element composition is close to the
stoichiometric values of 25% Cu, 25% Bi, and 50% S in atomic



Fig. 3. SEM surface images of CuBiS2 pellets sintered at (a) 300 °C, (b) 350 °C, (c) 400 °C, and (d) 450 °C for 2 h.
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percentage but there was a little deviation for S at 400 °C- and
450 °C-sintered CuBiS2 bulks. At higher temperatures, the S con-
tents in CuBiS2 became relatively lower. The drops in composition
indicate the easier vaporization of S, which has been the serious
issue in the sulfide-based solar materials. For CuBiS2 sintered at
400 °C for different durations, the Cu/Bi ratios were 0.96, 1.03, 1.02,
1.04 and 0.97 and the S/(CuþBi) ratios were 1.01, 1.00, 1.0, 0.99 and
0.95 for the sintering durations of 1 h, 1.5 h, 2 h, 2.5 h and 3 h,
respectively (Fig. 1(b)). The problem of the S deficiencies became
apparent for CuBiS2 sintered at 400 °C for prolong time. We also
had tried to combine the equimolar ratio of Cu2S and Bi2S3 for
sintering, but we were not successful in bringing the stoichio-
metric ratio of the elements in CuBiS2. We had exerted many ef-
forts to make the stoichiometric composition of CuBiS2 by chan-
ging different conditions such as sintering time, pressure, tem-
perature, and powder process technique and sintering with dif-
ferent molar ratios of the reactants. In order to obtain the stoi-
chiometric CuBiS2 powder, 7% excess in Cu2S and 8% deficiency in
Bi2S3 are needed. According to the Naffield description, emplectite
(CuBiS2) cannot be produced by simple fusion or annealing and
that may therefore explain its variety in property and performance
[17].

Fig. 2(a) displays x-ray diffraction patterns of CuBiS2 pellets
sintered at 300–450 °C for 2 h. As the phase identification is very
difficult due to the similar diffraction peak positions among
CuBiS2, Cu2S,and Bi2S3 [12–17], that is the reason we had tried to
measure the properties based upon the changes in sintering
temperature and its duration in order to probe the phase forma-
tion in a systematic approach. Fig. 2(a) showed the formation of
CuBiS2 became clear at 400 °C with the emergence of peaks from
the diffraction planes of (004), (013), (202), (113), (203), (114),
(015), (205), (301), (206), (215), and (208) at 2θ¼24.2°, 29.4°,
31.3°, 32.3°, 34.4°, 36.4°, 38.5°, 42.2°, 44.4°, 47.7°, 49.2°, and 58.6°,
respectively or the intensity weakening for peaks of (021), (230),
(240), and (151) at 2θ¼27.4°, 28.4°, 35.3°, and 46.9°, respectively
contributing from Bi2S3. Therefore, the pellet sintered at 300 °C for
2 h starts reactions between Cu2S and Bi2S3, but that reaction is
not completed and the major phase of CuBiS2 is accompanied by
the un-reacted Cu2S and Bi2S3. After sintering at 450 °C, the CuBiS2
phase remained the same but multiple crystallization orientations
occurred. More amounts of pure CuBiS2 sintered at 400 °C and
450 °C, the identified peaks are labeled and can be readily indexed
with an orthorhombic structure. Its cell constants of
a¼6.18270.011 Å, b¼3.87370.008 Å, and c¼14.47270.014 Å
are in good agreement with the standard [13] as well as with
existing reports on the orthorhombic emplectite [9–12]. Fig. 2
(b) shows the XRD diffraction patterns of CuBiS2 pellets sintered at
400 °C for 1 h, 1.5 h, 2 h, 2.5 h, and 3 h. Based upon the peak for-
mation from the (200), (202), and (302) planes, the CuBiS2 phase
had started to form after sintering at 400 °C for 1 h. When we
consider the effect of sintering time for the same amount of
temperature (i.e. 400 °C in this case), we have observed that peak
intensities as well as crystallinity were improved with an increase
in sintering time. As we observed in Fig. 2(b), some of the peaks
shifted from one position to another, for example: the (202) dif-
fraction plane of CuBiS2 had gradually improved from 30.5°, 30.7°,
31.1° to finally become stable at 31.1° with increasing the sintering
time from 1 h to 3 h. The 2 theta peak position of 30.5° at first did
not belong to (202) plane or any other starting materials, but the
peak changed to 31.1° position with increasing the sintering time,
which agreed with the reference of PDF#43-1473. These phe-
nomena told us the peaks were still in evolution from a metastable
phase or a solid solution to form a more stable phase, therefore
identification of CuBiS2 peaks was quite difficult. No matter the
changes in sintering and its duration, a small amount of second
phases remained in pellets. If the sintering temperature increased



Fig. 4. SEM surface images of CuBiS2 pellets sintered at 400 °C for (a) 1 h, (b) 1.5 h, (c) 2 h, (d) 2.5 h, and (e) 3 h.
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to 500 °C, the phase decomposition occurs and the CuBiS2 phase
does not exist. For pellets sintered at 400 °C, when the S ratio
decreases, the Bi ratio increases (Fig. 1(a)). The composition var-
iation could bring the Bi2S3 phase formation. From the XRD data,
we can conclude that CuBiS2 has a very limited process zone for its
densification. If the process condition is not right, its property and
performance can be greatly affected.

Fig. 3 shows SEM surface images of CuBiS2 pellets sintered at
300–450 °C for 2 h. From these images, it is clear that the grain
size of the material increases with the sintering temperature. For
the pellets sintered at temperatures 300 °C, 350 °C, 400 °C, and
450 °C, the grain sizes were changed with sintering temperatures.
They were 0.1870.07, 0.2770.08, 1.270.18, and 4.071.7 mm for
the pellets sintered at 300 °C (Fig. 3(a)), 350 °C (Fig. 3(b)), 400 °C
(Fig. 3(c)) and 450 °C (Fig. 3(d)), respectively. The 300 °C-sintered
pellets had smallest grains. The 300 °C- and 350 °C-sintered pel-
lets showed the aggregates within each grain, which can be
attributed to the coexistence of un-reacted Cu2S and Bi2S3 pre-
cursors together with the reaction product of CuBiS2 at the initial
stage of the reactive sintering (Fig. 2(a)). The reactants left un-
reacted retards the grain growth and hence this led to small grains.
The grains consisting of aggregates have shown the evidence for
the fast grain growth through the spontaneous formation of grains
and subgrains of aggregates. The 400 °C-sintered pellet showed
the grains with the smooth crystal surface. The 450 °C-sintered
pellet exhibited big and elongated grains but there were small
pinholes on the crystal surface (Fig. 3(d)). As supported with the
data in Fig. 1(a), the sulfur vaporization can be related to the
pinhole formation. Therefore from our EDS, XRD and SEM result, it
is suggestive that our best sintering temperature for the formation
and densification of CuBiS2 is 400 °C. As far as we know, there
were no reports at this stage on the grain size and microstructure
of CuBiS2.The CuBiS2 pellet sintered at 400 °C leads to the grain
size above �1 mm and also produces the dense and smooth



Fig. 5. Electrical properties of CuBiS2 pellets sintered at (a) 300–450 °C for 2 h and
(b) 400 °C for 1–3 h.
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surface. On the other hand, the densification and grain growth for
CuBiS2 sintered at 400 °C for different durations are shown in
Fig. 4. The grain size of the pellets sintered at 400 °C for 1.5 h, 2 h,
2.5 h, and 3 h were 0.4370.18, 1.270.18, 4.670.79, and
5.671.4 mm, respectively. The grain size of the pellet sintered at
400 °C for 1 h (Fig. 4(a)) was small and has no defined grain
boundary. CuBiS2 showed quick grain growth within 1 h during
sintering at 400 °C, though some poor grain boundary was ob-
served on the surface which might inform the existence of un-
reacted Cu2S and Bi2S3. For the 2 h- and 2.5 h-sintered samples,
they showed enhanced grain growth and had the stable compo-
sition (Fig. 1(b)). From its composition deviation, it is possible to
conclude that the 3 h-sintered CuBiS2 with a large grain size may
not be recommended. It is well known that the conversion effi-
ciency of polycrystalline solar cells increases with increasing grain
size in the absorber materials. So, large grain size is advantageous
in improving the performance of photovoltaic devices [18]. Ac-
cording to Salomé et al. under the title morphological and struc-
tural characterization of Cu2ZnSnSe4 thin films grown by seleni-
zation of elemental precursors explained that with the tempera-
ture increase, the films are more crystalline and more compact
[19]. ForCu2ZnSnSe4 thin films deposited on Mo-coated glass
substrates at different temperatures, the grain size increased while
the film thickness decreased at higher temperature [20].

In addition to the SEM measurement, the density of the spe-
cimens were further determined from the measured shrinkage
history. The bulk density (ρb) is related to the porosity of the
specimen. This quantity is also important for calculating the re-
lative density (ρb/ρs, where ρs is the theoretical density) of the
sample. The bulk density was determined from the equation given
below [21]:

m

r h

100 weight loss percentage
100 shrinkage percentageb

o
2

o
ρ

π
= ( − )

( − )

where mo and ho are the initial mass (g) and pellet height (cm)
of the sample, respectively, and r is the pellet radius (cm). Based
on this equation, our best pellet sintered at 400 °C for 2 h had bulk
density of 5.1 g/cm3, and the relative density was 87%.

Fig. 5(a) shows the electrical conductivity (s), Hall mobility (m),
and carrier concentration (n) for the CuBiS2 pellets sintered at
300–450 °C for 2 h. These electrical properties can be measured
using the Van der Pauw measurement technique [22]. All samples
revealed p-type conductivity, as consistent as the existing report
[9]. For carrier concentration (np), they were 3.9�1017, 3.8�1017,
2.4�1018, and 4.4�1017 cm�3 for CuBiS2 bulks sintered at 300 °C,
350 °C, 400 °C, and 450 °C, respectively. For mobility, it increased
from 0.45, 8.4, to 11.1 cm2 V�1 s�1, as the sintering temperature
increased from 300, 350, to 400 °C, but degraded to a minimum of
0.47 cm2 V�1 s11 for the 450 °C-sintered CuBiS2. For electrical
conductivity, it was 0.03, 0.51, and 4.3 S cm�1 for the sample
sintered at 300, 350, and 400 °C, respectively. s for the 450 °C-
sintered CuBiS2 had low conductivity of 0.03 S cm�1. The above-
mentioned electrical properties for 300 °C-sintered sample in-
dicates the CuBiS2 phase with the coexistence of un-reacted Cu2S
and Bi2S3 has formed the interconnected path for current to flow
and to show the semiconductor behavior. For CuBiS2pellets sin-
tered at 400 °C for 1, 1.5, 2, 2.5, and 3 h (Fig. 5(b)), np was
4.2�1017, 7.8�1017, 2.4�1018 , 5.2�1017 and 4.4�1017 cm�3, m
was 6.8, 5.3, 11.1, 6.8 and 3.7 cm2 V�1 s�1, and swas 0.46, 0.67, 4.3,
0.56 and 0.26 S cm�1, respectively. With the aid of electrical
properties, our best sintering duration for CuBiS2 at 400 °C is 2 h.
The 2.5 h-sintered CuBiS2 actually has the degraded electrical
conductivity. In other reports, np was 1017–1020 cm�3 [8,9] with
the hole mobility of 0.5–14 cm2 V�1 s�1 [8]. Extremely low s was
reported to be 10�4–10�7 S cm�1 in [7]. There may be contribu-
tions from Cu2S, Bi2S3 and CuBiS2 for the origin of hole con-
centration, mobility, and conductivity specially for those samples
sintered at 300 and 350 °C and also for those samples sintered for
1 and 1.5 h. Compared to the reported electrical properties, our
data for CuBiS2 show promising and indicate the importance in
composition and process controls.

Our best processing condition for CuBiS2 bulks is to sinter at
400 °C for 2 h, at which the material has the highest conductivity
of 4.3 S cm�1 and the highest mobility of 11.1 cm2 V�1 s�1. CuBiS2
bulks sintered at 450 °C for 2 h (Fig. 3(d)) and at 400 °C for 3 h
(Fig. 4(e)) have shown the large grain size and smooth morphol-
ogy. However, their electrical properties have severely degraded
with electrical conductivity lower than 0.3 S cm�1. Obviously,
good densification cannot guarantee the good electrical perfor-
mance. The degradation in electrical properties can be acknowl-
edged from composition and x-ray diffraction data. The slight
deviations from stoichiometry of CuBiS2, especially for the S/
(CuþBi) ratio, actually cause a problem in electrical conductivity
and mobility. The composition deviation is accompanied by the
enhanced x-ray peak intensity from the (202) plane. Non-stoi-
chiometric Cu2ZnSnSe4 absorber at the Cu-poor and Zn-rich con-
dition has been used for the solar-to-electrical conversion of solar
cell. This CuBiS2 material does not allow the non-stoichiometry to
improve its electrical properties.
4. Conclusions

CuBiS2 bulks have been prepared by reactive sintering the
mixture of Cu2S and Bi2S3 sulfide powders at 300–450 °C for 1–3 h
under the existence of a compensation disc of CuS for the atmo-
spheric control. CuBiS2 is a p-type semiconductor. Sintered CuBiS2
bulks have shown the grain size of 0.18–5.6 mm. Our best proces-
sing condition for CuBiS2 bulks with the size of 1.270.18 mm was
to sinter at 400 °C for 2 h, at which the material had carrier con-
centration of 2.471018 cm�3, electrical conductivity of
4.3 S cm�1, and high mobility of 11.1 cm2 V�1 s�1. Sintering at
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300 °C left some un-reacted Cu2S and Bi2S3. Sintering at higher
temperature of 450 °C and prolonged heating at 400 °C for 3 h
have led to the degradation in electrical performance due to the S/
(CuþBi) ratios lower than 0.96. Electrical properties of CuBiS2 are
very sensitive to the composition stoichiometry, which has made
its preparation need to pay much attention. If CuBiS2 is used for
the solar harvesting material, it shows the suitable conductivity of
4.3 S cm�1 under an appropriate process condition. Finally, our
material-selection study is providing a quick approach, not the
time-consuming thin-film technique, to propose a suggestion for
the modifications of the absorber in a solar cell device.
Acknowledgment

This work was supported by the Ministry of Science and
Technology of Taiwan under grant number MOST 103-011-008-ET.
References

[1] J.T.R. Dufton, A. Walsh, P.M. Panchmatia, L.M. Peter, D. Colombara, M.S. Islam,
Phys. Chem. Chem. Phys. 14 (2012) 7229–7233.

[2] D.J. Temple, A.B. Kehoe, J.P. Allen, G.W. Watson, D.O. Scanlon, J. Phys. Chem. C
116 (2012) 7334–7340.
[3] P.S. Sonawane, P.A. Wani, L.A. Patil, T. Seth, Mater. Chem. Phys. 84 (2004)
221–227.

[4] M. Kumar, C. Persson, Energy Procedia 44 (2014) 176–183.
[5] V. Balasubramanian, N. Suriyanarayanan, S. Prabahar, S. Srikanth, Chalcogen-

ide Lett. 8 (2011) 637–648.
[6] M. Kumar, C. Persson, J. Renew. Sustain. Energy 5 (2013) 031616.
[7] S.H. Pawar, A.J. Pawar, P.N. Bhosale, Bull. Mater. Sci. 8 (1986) 423–426.
[8] V. Balasubramanian, N. Suriyanarayanan, S. Prabahar, S. Srikanth, P. Ravi,

Optoelectron. Adv. Mater. Rapid Commun. 6 (2012) 104–106.
[9] D. Parker, D.J. Singh, Phys. Rev. B 83 (2011) 233206.
[10] A. Kyono, M. Kimata, Am. Miner. 90 (2005) 162–165.
[11] J.O. Portheine, W. Nowacki, Z. Kristallogr. 141 (1975) 387–402.
[12] M.F. Razmara, C.M.B. Henderson, R.A.D. Pattrick, A.M.T. Bell, J.M. Charnock,

Miner. Mag. 61 (1997) 79–88.
[13] JCPDS (Joint Committee on Powder Diffraction Standards) Card No. 431473.
[14] V. Balasubramanian, N. Suriyanarayanan, S. Prabahar, S. Srikanth, P. Ravi, J.

Ovonic Res. 8 (2012) 1–8.
[15] N. Wang, Miner. Mag. 58 (1994) 201–204.5.
[16] R.M. Agaeva, O.M. Aliev, Inorg. Mater. 41 (2005) 920–922.
[17] E.W. Naffield, Studies of Mineral Sulpho-salts: XVI-Cuprobismuthite, Uni-

versity of Toronto Toronto, Canada, pp. 447–452.
[18] L. Shao, J. Zhang, C. Zou, W. Xie, Phys. Procedia 32 (2012) 640–644.
[19] P.M.P. Salomé, P.A. Fernandes, A.F. da Cunha, Thin Solid Films 517 (2009)

2531–2534.
[20] S. Jung, J. Gwak, J.H. Yun, S.J. Ahn, D. Namb, H. Cheong, S. Ahn, A. Cho, K.S. Shin,

K.H. Yoon, Thin Solid Films 535 (2013) 52–56.
[21] A. Nzihou, B. Adhikari, R. Pfeffer, Ind. Eng. Chem. Res. 44 (2005) 1787–1794.
[22] L.J. Van der Pauw, Philips Res. Rep. 13 (1958) 1–9.

http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref1
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref1
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref1
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref2
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref2
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref2
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref3
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref3
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref3
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref4
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref4
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref5
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref5
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref5
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref6
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref7
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref7
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref8
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref8
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref8
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref9
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref10
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref10
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref11
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref11
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref12
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref12
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref12
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref13
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref13
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref13
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref14
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref14
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref15
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref15
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref16
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref16
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref17
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref17
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref17
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref18
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref18
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref18
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref19
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref19
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref20
http://refhub.elsevier.com/S0022-4596(15)30064-5/sbref20

	Effects of sintering temperature and duration on the structural and electrical properties of CuBiS2 bulks
	Introduction
	Experimental section
	Results and discussion
	Conclusions
	Acknowledgment
	References




