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THE INFLUENCE OF SINTERING PROCESSING ON 

MICROSTRUCTURAL, OPTICAL AND ELECTRICAL 

PROPERTIES OF ZINC OXIDE CERAMICS  

DOPED WITH Al3+, B3+, Mg2+ 

Danijela Luković Golić1, Jelena Vukašinović1, Vesna Ribić1, 

Matej Kocen2, Matejka Podlogar2, Aleksandra Dapčević3, 

Goran Branković1, Zorica Branković1 

1Institute for Multidisciplinary Research, University of Belgrade, 
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2Jožef Stefan Institute, 1000 Ljubljana, Slovenia 

3Faculty of Technology and Metallurgy, University of Belgrade,  

11120 Belgrade, Serbia 

Zinc oxide (ZnO) is a versatile functional material, widely employed in industry 

and technology as varistor ceramics, transparent conducting films, surface acoustic 

wave resonators etc. ZnO-based conductive ceramics, attractive for various 

applications, should have low electrical resistivity and good linearity. The n-type 

conductivity of wide band gap (3.37 eV) ZnO semiconductor could be enhanced by 

multiple doping with trivalent metals (B3+, Al3+, Ga3+, In3+), as shallow donors. The 

intrinsic defects, zinc vacancies and interstitial oxygen, exist in the grain boundaries 

of n-type ZnO ceramics as localized acceptor states. These states attract charge 

carriers, creating a depletion region around the grain boundaries and energy 

potential barrier, which hinder the motion of the electrons [1]. In this work, zinc 

oxide ceramics doped with Al3+, B3+ and Mg2+ was prepared using solid-state 

reaction technique from ZnO powder obtained in solvothermal synthesis and Al2O3, 

MgO and B2O3 (H3BO3) commercial powders. Al2O3 was used as a donor dopant to 

increase the carrier concentration, B2O3 was added to enhance densification and 

grain growth, and MgO – to decrease the thermal conductivity [2,3]. The pressed 

ZnO (0.25 % Al2O3, 0.5 % B2O3, 1 % MgO) pellets were sintered by conventional 

(CS) and spark plasma (SPS) method. The ceramic samples were analyzed by X-ray 

diffraction (XRD), scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), UV-Vis spectroscopy and current-voltage (I–U) measurements. 

The correlation between the sintering processing, microstructure and electrical 

properties of multiple doped ZnO-based ceramics was investigated. The electrical 

performances of ZnO (0.25 % Al2O3, 0.5 % B2O3, 1 % MgO) ceramics were 

strongly dependent on composition and microstructure (density, grain size, 

segregation of secondary phase in grain boundaries). The electrical resistivity of SPS 

sample was an order of magnitude lower than electrical resistivity of CS sample and 

it showed almost linear I-U characteristics in temperature range of (25–150) C.  
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SBA-15 ASSISTED SnO2 HUMIDITY SENSOR 

Slavica M. Savić1, Katarina Vojisavljević2, Milica Počuča-Nešić2, 

Nikola Knežević1, Minja Mladenović1, Veljko Đokić3, Zorica Branković2 
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University of Novi Sad, Novi Sad, Serbia 
2 Institute for Multidisciplinary Research, University of Belgrade, 
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3Faculty of Technology and Metallurgy, University of Belgrade, 
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Over the past decade, the interest for fabrication of mesoporous metal oxides 

has been increased, and that draw attention globally on fabrication and designing 

efficient humidity sensors based on these materials. Their unique properties like 

high surface area, large pore volume and interconnected pore channels provide 

easier adsorption and facile transportation of water molecules across their surfaces. 

Nanocasting as technique based on various silica hard templates is one of usually 

utilized and efficient methods for processing of such materials.  

Silica SBA-15 as a template is currently obtaining exclusive attention in 

applications like photocatalysis, sensing, drug delivery and nanomaterials 

fabrication since it has high surface area, pore volume, excellent thermal stability 

and distinctive interconnectivity of its tunable pore channels. In this work, we used 

SBA-15 as a hard template for production of SnO2 humidity sensor. SBA-15 

assisted mesoporous SnO2 has been synthesized using incipient wet impregnation 

process, consisting of two loading/calcination steps to fill up 15 % of the total pore 

volume of template with SnO2, followed by template etching with 2M NaOH.  

A few micron thick SnO2 film has been fabricated by applying the paste by the 

doctor blade applicator onto alumina substrate provided with interdigitated Pt/Ag 

electrodes. The sensor response of the film towards humidity was tested measuring 

the change of the complex impedance of the sample exposed to a humid climate 

chamber environment with the relative humidity, RH ranging from 40 % to 90 % at 

25 °C and from 30 % to 90 % at 50 °C. This study demonstrated that nanocast SnO2 

possesses sufficient quality to be used as a material for fabrication of high 

performance humidity sensors. 


