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The aim of this research is to investigate the characteristics and mechanical properties of Nb2O5 doped 
zirconia. Samples of partially stabilized-zirconia (3Y-TZP) with Nb2O5 in amounts of 0.15-1.5 mol.% were 
prepared by sol–gel technique and sintered by non-conventional microwave process. 
 
The powders of each composition were cold isostatic pressed and then sintered at 1200 °C by microwave and 
1300 and 1400 ºC by conventional sintering. The phase constitution and microstructures of the as-sintered 
ceramic composites were characterized by using an X-ray diffractometer and a scanning electron microscope 
respectively. 
 
The mechanical properties of the ceramic composites were evaluated through Vickers hardness, Young 
modulus and fracture toughness tests. It was found that increasing the Nb2O5 concentration had a strong 
effect on the densification behavior, microstructure and mechanical properties of the composites. 
 
The Vickers hardness of ZrO2 doped ceramics obtained by microwave sintering increases with the increase in 
the Nb2O5 content due to the formation of Nb2Zr2O17 phase and the higher densification of the bodies. The 
maximum Vickers hardness of ZrO2/0.25 mol.% Nb2O5 bodies fabricated by microwave sintering (15.8 GPa) 
was 20% higher than that of pure ZrO2 (13.2 GPa). 
 
 
This work has been supported by the Spanish Ministry of Economy and Competitiveness MINECO by 
MAT2015-67586-C3-R project and Juan de la Cierva-Incorporacion contract (IJCI-2014-19839), and the 
Generalitat Valenciana by the Santiago Grisolía scholarship (GRISOLIA/2013/035) and PROMETEO/2016/040 
project.



TOUGHENING OF NB2O5 DOPED
ZIRCONIA BIOMATERIAL FABRICATED BY

MICROWAVE SINTERING TECHNOLOGY
A. Borrell(1,⇤) - M.D. Salvador(1) - L. Gil(1) - Felipe L. Peñaranda(2) -

Eugeni Cañas(3) - Carlos F. Gutiérrez(4)
(1)Instituto de tecnología de materiales (ITM), Universitat Politècnica de València, Valencia (Spain)

(2)Instituto de Aplicaciones de las Tecnologías de la Información y de las Comunicaciones Avanzadas (ITACA),
Universitat Politènica de València, Camino de Vera S/N 46022, Valencia, Spain

(3)Instituto de Tecnología Cerámica (ITC), Asociación de las Industrias Cerámicas (AICE), Universitat Jaume I
(UJI), Castellón, Spain

(4)Centro de Investigación en Nanomateriales y Nanotecnología, (CSIC-UO-PA), Oviedo (Spain)
(⇤)aborrell.upv.es

INTRODUCTION
Statistics provided by the American Association of Oral and Maxillofacial Surgeons show that 69% of adults ages 35 to 44 have lost at least
one permanent tooth to an accident, gum disease, a failed root canal or tooth decay. Furthermore, by age 74, 26% of adults have lost all of
their permanent teeth [1]. Most of these patients benefit greatly from dental implants and the use of biomaterials is becoming increasingly
necessary. Therefore, it is required to study the wide possibilities of advanced ceramic materials for dental applications, since they are more
resistant to corrosion and wear than metallic materials.

The convencional method for ceramic sintering require a energy-intensive process at high temperatures (>1200�C), leading to large energy and
production costs. An atractive and novel alternative to the convencional sintering is the microwave technology, with which dense ceramics
can be obtained in less time and lower temperature, thus reducing expenses and environmental impact [2].

OBJECTIVES
The aim of this research is to investigate the
characteristics and mechanical properties of
Nb2O5 doped zirconia composites. Samples
of partially stabilized-zirconia doped with
Nb2O5 in amounts of 0,5 and 1 %mol were
prepared by sol–gel technique.

Moreover, the samples are sintered us-
ing both the conventional sintering (CS)
and microwave technology (MW), a non-
convencional method, in order to analyze
the mechanical properties and check if there
is an improvement, and at the same time
to reduce production costs and processing
times [3].

RESULTS
After sintering, the results obtained for density and mechanical properties are shown in the
following table.

Table of mechanical properties of sintered material by MW at 1200oC/10min and
CS 1400oC/120 min

Micrographs of the facture surface (FESEM)

CONCLUSIONS

• The relative density and hardness of material sintered by MW at 1200oC and CS at 1400oC
are practically equal, using lower temperature and 110 min less in the sintering process.
Thereby production costs and environmental impact are significantly reduced.

• Doping of zirconia with Nb2O5 enhances the toughness fracture behavior of the ceramic
bodies. Bodies containing 1 %mol Nb2O5 exhibit the best toughness value.
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