
E M E R G E M AT
4th International Conference on Emerging Technologies in Materials Engineering

4-5 November 2021 - Bucharest, Romania

SnO2-Bi2O3-CuO-NiO BASED COMPOSITES FOR VARISTOR APPLICATIONS
Magdalena-Valentina Lungu1,*, Dorinel Tălpeanu1, Cristiana Diana Cîrstea1, Mihai Marin1, Alina Caramitu1, Delia Pătroi1, Virgil Marinescu1, Gabriela Sbarcea1, Petrișor Godeanu2

1National Institute for Research and Development in Electrical Engineering ICPE-CA (INCDIE ICPE-CA), 313 Splaiul Unirii Street, 030138 Bucharest, Romania
2Maira Montaj SRL, Electrical Composite Insulators Company, Stirbei Voda Street no. 166, 010121 Bucharest, Romania

*Corresponding author: magdalena.lungu@icpe-ca.ro

ABSTRACT 
This research study refers to the development and investigation of SnO2-Bi2O3-CuO-NiO based composites for obtaining disk-shaped metal oxide varistors (MOVs). The SnO2-Bi2O3-CuO-NiO composite
powder was designed with a molar content of 98.5 % SnO2, 0.5 % Bi2O3, 0.5 % CuO, and 0.5 % NiO. The powder mixture was prepared by mechanical homogenization in distilled water of the necessary
amounts of high purity MO powders (MO = SnO2, Bi2O3, CuO, and NiO) that were mixed and milled for 6 h with zirconia balls in a low energy ball mill, then were dried in air and sieved. The obtained
composite powder was analyzed in terms of morphological, elemental composition, structural, and optical properties by scanning electron microscopy (SEM) with energy-dispersive X-ray spectroscopy
(EDS), X-ray diffraction (XRD), and UV-Vis spectroscopy. The spark plasma sintering (SPS) technique was employed for the consolidation and densification of the composite powder without using any
organic binder. The SPS processing was carried out under vacuum, at a pressing pressure of 50 MPa and a sintering temperature of 900ºC, 950ºC, and 1000ºC, for a dwell time of 5 min to manufacture
disk-shaped samples (20 mm diameter x 3-4 mm height) that were further annealed in air at 1000ºC for 2 h. The influence of the sintering temperature on microstructure and structural, optical, and
mechanical properties was studied since sintering is a key step that determines the performance of the MOVs. XRD results revealed the polycrystalline nature of the composite powder and SPSed
samples. The forbidden energy gap (Eg) slightly increased for the additivated SnO2 powder and decreased for the SPSed and annealed samples, comparatively with the starting SnO2 semiconductor
powder. The increase in sintering temperature improved the microstructure homogeneity, density (min. 6.35 g/cm3), hardness (min. 170 HV), and elasticity modulus (min. 69 GPa) of the SPSed
composites. Further studies on electrical properties and size scalability of the sintered composites are envisaged to develop reliable MOVs for surge arresters to limit overvoltages during surges and to
withstand surges avoiding equipment damages.
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Table 1. XRD results for the analyzed powders and solid samples.

MATERIALS
 microcrystaline elemental powders (particle size < 44 µm) of metal oxide (MO) of SnO2 (99.9 %, MW = 150.69 g/mol, Merck), Bi2O3 (min. 99.5 %, MW = 465.96 g/mol, Riedel-de Haën), CuO (99.9 %, 

MW = 79.55 g/mol, Merck), and NiO (99.9 %, MW = 74.69 g/mol, UCB).

METHODS
 The SnO2-Bi2O3-CuO-NiO composite powder (CP) with a molar content of 98.5 % SnO2, 0.5 % Bi2O3, 0.5 % CuO, and 0.5 % NiO was prepared by mechanical homogenization in distilled water of the

necessary amounts of high purity MO powders (MO = SnO2, Bi2O3, CuO, and NiO) that were mixed and milled for 6 h with zirconia balls in a low energy ball mill, then were dried in air and sieved;
 The composite powder was consolidated and densified by using a FCT Systeme GmbH spark plasma sintering installation of HP D25 type equipped with a during current (DC) pulse generator, where

the SPS process carried out under vacuum, at a pressing pressure of 50 MPa and a sintering temperature of 900ºC, 950ºC, and 1000ºC, for a dwell time of 5 min to manufacture disk-shaped samples
(20 mm diameter x 3-4 mm height) that were further annealed in air at 1000ºC for 2 h;

 The obtained composite powder and the SPSed samples were analyzed in terms of morphological, elemental composition, structural, and optical properties by scanning electron microscopy (SEM)
with energy-dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD), and UV-Vis spectroscopy;

 The apparent porosity and apparent density, as well as mechanical properties of the SPSed samples were determined as we presented elsewhere [1], [2].

CONCLUSIONS
 The milled CP of SnO2-Bi2O3-CuO-NiO were successfully consolidated and densified by SPS at 900°C, 950°C, and

1000°C, as disk-shaped samples (20 mm diameter x 3-4 mm height) and then were annealed at 1000°C;
 The forbidden energy gap (Eg) slightly increased for the additivated SnO2 powder and decreased for the SPSed and

annealed samples, comparatively with the starting SnO2 semiconductor powder;
 The increase in sintering temperature improved the microstructure homogeneity and properties of the SPSed samples;
 The density and mechanical properties of the SPSed and annealed samples were improved with sintering temperature

increase, and the best results were achieved for the sample sintered at the highest temperature.

RESULTS
Sample

code
Crystalline

phase
Content 
(wt.%)

Elemental cell parameters Crystallite size,
D (nm)a (Å) c (Å)

Powders
SnO2 SnO2 100 4.733 3.183 54.9
CP SnO2 100 4.731 3.182 49.8
SPSed samples
S1 SnO2 100 4.732 3.183 78.2
S2 SnO2 100 4.732 3.183 82.5
S3 SnO2 100 4.732 3.183 78.9
SPSed and annealed samples

SA1
SnO2 95.69 4.733 3.184 75.1

Bi2Sn2O7 4.31 10.655 48.9

SA2
SnO2 95.83 4.733 3.185 72.8

Bi2Sn2O7 4.17 10.653 42.5

SA3
SnO2 96.25 4.732 3.185 71.7

Bi2Sn2O7 3.75 10.651 36.6

Fig 1. SEM images (50 kX – left, 20 kX - right) and EDS spectrum (inset) of the composite powder.

Fig 5. SEM images (20 kX) of (a) SA1, 
(b) SA2, and (c) SA3 samples.

Fig 2. XRD pattern of the SnO2-Bi2O3-CuO-NiO composite powder (CP).

Fig 3. XRD patterns of the SPSed samples: (a) S1, (b) S2, and (c) S3. 

Fig 4. XRD patterns of the SPSed and annealed samples: (a) SA1, (b) SA2, and (c) SA3. 

(a) 

(b) 

(c) 
Fig 6. UV-Vis absorbance spectra of (a) SA1, (b) SA2, and (c) SA3 samples. In inset are shown UV-Vis 

absorbance spectra of  the initial MO powders and SnO2-Bi2O3-CuO-NiO composite powder and Eg values. 

Sample
code

Direct 
Eg (eV)

Indirect 
Eg (eV)

ΔEg
(eV)

SnO2 3.761 3.304 0.457
Bi2O3 2.781 2.530 0.251
CuO 1.561 1.509 0.052
NiO 3.360 2.946 0.414
CP 3.804 3.463 0.341

SA1 3.111 1.984 1.127
SA2 2.588 1.058 1.530
SA3 2.289 0.742 1.547
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