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ABSTRACT 

Structural, chemical and optical characterizations of an experimental SiO2-Y-
TZP ceramic produced by the uniaxial/isostatic pressing technique 

 

New glass ceramics enriched by polycrystalline materials has been produced by different 

processing methods. However, for these materials to be used as restorative dental materials 

in esthetical areas they must count with good optical properties, which are directly influenced 

by their structure and chemical composition. For these reasons, the aim of this study was to 

produce a new glass ceramic containing SiO2+Y-TZP via uniaxial/isostatic powder 

compression and to structurally and chemically characterize this material relating to its optical 

properties. SiO2 and Zpex® were used as starting powders. These two powders were mixed 

(97w%-3% ratio) and pressed in uniaxial (80MPa) and isostatic (206MPa) press and sintered 

at 1150ºC for 2h. The starting powders, the mixed powder (before sintering) and the sintered 

specimens were submitted to Scanning Electron Microscope/Energy Dispersive X-ray 

Spectroscopy (SEM/EDX), Transmission Electron Microscope (TEM), X-ray Diffraction (XRD) 

and Fourier Transform Infrared Spectroscopy (FTIR). The material’s density was measured. 

The contrast ratio and translucency parameter of the sintered specimen were compared to 

lithium disilicate (IPS e.max® CAD HT A1) and zirconia-reinforced lithium silicate (Celtra Duo® 

HT A1), using Kruskal-Wallis and post-hoc Dunn tests with a significance level set at 5%. 

Agglomerations of SiO2 and Zpex could be seen under SEM/EDX analysis due to their reduced 

particle size, yet, when sintered, some remaining porosities could be seen. The TEM analysis 

evidenced the spherical character of SiO2 grains and the crystallographic pattern of the Zpex 

particles. When mixed, Zpex can be seen inside the grain of SiO2. XDR analysis pointed out 

that SiO2 was amorphous, and Zpex presented monoclinic (m) and tetragonal (t) peaks. After 

sintering, crystallization of SiO2 can be seen without new m peaks. The FTIR spectra bands 

suggested an interaction between Si, O and Zr. The theoretical density value of the 

experimental ceramics was 1.663 g/cm3. The contrast ratio and the translucency parameter of 

the experimental ceramic were higher (p=0,000001) and lower (p=0,000001), respectively, 

than those of lithium disilicate and zirconia-reinforced lithium silicate. It can be concluded that 

the uniaxial/isostatic powder compression is an efficient method to obtain experimental 

ceramics for dental purposes and 1150ºC for 2h is sufficient to crystallize SiO2 without inducing 

t-m transformation of zirconia. Yet, this sintering protocol seems to be insufficient to densify 

the experimental ceramic, which may the reason for its lack of translucency. 

 

Key words: Ceramics. Silicon dioxide. Zirconium.  
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RESUMO 

Caracterizações estrutural, química e óptica de uma cerâmica experimental de 
SiO2-Y-TZP produzida pela técnica de prensagem uniaxial/isostática 
 

Novas cerâmicas vítreas enriquecidas por materiais policristalinos tem sido produzidas por 

diferentes métodos de processamento. Entretanto, para que sejam utilizados como materiais 

restauradores odontológicos em áreas estéticas, eles devem apresentar boas propriedades 

ópticas, que estão diretamente influenciadas por sua estrutura e composição química. Por 

esses motivos, o objetivo deste estudo foi produzir uma nova cerâmica vítrea contendo 

SiO2+Y-TZP através da via uniaxial/isostática, e caracterizar este material estrutural e 

quimicamente, relacionando às suas propriedades ópticas. SiO2 e Zpex® foram usados como 

pós de partida, misturados (97m%-3m%), prensados em prensa uniaxial (80MPa) e isostática 

(206MPa) e sinterizados à 1150ºC por 2h. Os pós de partida, o pó após a mistura (prévio à 

sinterização) e a amostra sinterizada foram submetidos à Microscopia Eletrônica de 

Varredura/Espectroscopia por Energia Dispersiva de Raios-X (MEV-EDX), Microscopia 

Eletrônica de Transmissão (MET), Difração de Raios-X (DRX) e Espectroscopia de 

Infravermelho com Transformada de Fourier (FTIR). A densidade do material foi mensurada. 

A razão de contraste e o parâmetro de translucidez da amostra sinterizada foram comparados 

aos do dissilicato de lítio (IPS e.max® CAD HT A1) e do silicato de lítio reforçado por zircônia 

(Celtra Duo® HT A1), utilizando os testes de Kruskal-Wallis e post-hoc Dunn com nível de 

significância de 5%. Aglomerações SiO2 e Zpex foram vistas sob MEV/EDX devido ao 

tamanho reduzido das partículas, porém, quando sinterizado, algumas porosidades puderam 

ser vistas. A análise em MET evidenciou o caráter esférico dos grãos de SiO2 e o padrão 

cristalográfico das partículas de Zpex. Quando misturados, Zpex pode ser visto dentro de uma 

partícula de SiO2. A análise em DRX destacou que a SiO2 era amorfo e Zpex apresentava 

picos monoclínicos (m) e tetragonais (t). Após a sinterização, a cristalização da SiO2 pode ser 

vista sem a formação de novos picos m. As bandas do espectro do FTIR sugeriram uma 

interação entre Si, O e Zr. A densidade do material foi 1,663g/cm3. A razão de contraste e o 

parâmetro de translucidez da cerâmica foi maior (p=0,000001) e menor (p=0,000001), 

respectivamente, que os do silicato de lítio e do silicato de lítio reforçado por zircônia. Pode-

se concluir que a compressão dos pós em prensa uniaxial/isostática é um método eficiente 

em produzir cerâmicas experimentais para uso odontológico, e que 1150ºC por 2h é suficiente 

para cristalizar o SiO2 sem induzir transformação t-m na zirconia. Contudo, esse protocolo de 

sinterização parece ser insuficiente para densificar a cerâmica experimental, o que pode 

prejudicar sua translucidez.  

Palavras-chave: Cerâmica. Dióxido de silício. Zircônio  
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1 INTRODUCTION 

 

 

Dental ceramics are used as restorative materials due to their inherited 

properties, such as the color stability, resistance to wear, high strength, 

biocompatibility and low biofilm accumulation (KELLY, BENETTI, 2011; AMOROSO et 

al., 2012). Polycrystalline ceramics, such as zirconia (ZrO2) owns a much higher 

fracture toughness than glass ceramics, which in turn are much more translucent and 

esthetically appealing. These characteristics are important to be taken into 

consideration depending on the area these materials are being indicated by the dental 

practitioner. 

In glass ceramics, silicon oxide (SiO2) is often present (KELLY, 2008; KELLY, 

BENETTI, 2011), and, as an attempt to enhance the mechanical properties of glass 

ceramics, crystalline materials, such as ZrO2 are used to enrich these materials 

(KELLY, 2008; KELLY, BENETTI, 2011). Zirconia can be found at three allotropic 

phases: monoclinic (m), tetragonal (t) and cubic (c). Under room temperature until 

1,170ºC the monoclinic phase of ZrO2 is found. From 1,170 until 2,370ºC ZrO2 is in its 

tetragonal form, and above that temperature, in cubic form (CHEVALIER, 

GREMILLARD, DEVILLE, 2007; KELLY, DENRY, 2008; EL-GAHNY, SHERIEF, 

2016). The tetragonal to monoclinic (t-m) transformation result in 4.5% volumetric 

expansion, which is held responsible for the higher fracture toughness of zirconia when 

in its tetragonal form. Hence, with the intention to stabilize t-zirconia under room 

temperature, dopants such as yttrium oxide (Y2O3) are used, originating yttria-

stabilized tetragonal zirconia (Y-TZP) (GUAZATTO et al., 2004; RAMOS et al., 2015). 

However, as the zirconia/Y-TZP is known to be opaque, its use in esthetical areas is 

limited. Therefore, new ceramic materials containing SiO2 and enriched by ZrO2/Y-TZP 

has been processed by many different routes, such as sol-gel, slip-casting and 

uniaxial/isostatic powder compression and in order to achieve good optical properties 

(MOUZON, GLOWACKI, ODÉN, 2008; JIANG et al., 2011; PERSSON et al., 2012). 

The uniaxial/isostatic powder compression technique is used to produce 

ceramic materials using powders as starting points. This technique is based on 

applying pressure to a mold so the powder in it can be compressed. Thereafter, this 

green-body material is submitted to a sintering protocol with an attempt to density the 
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material. Densification is important to reduce porosities, irregularities and internal 

spaces generated during the fabrication method (MCCABE, WALLS, 2008; VOLPATO 

et al., 2011), which are also related to the transmittance of light inside the materials 

bulk (JIANG et al., 2011). Also, nano-sized powders are used in order to generate more 

uniform and smoother surfaces, which, associated with proper heating protocols could 

lead to proper light transmittance, i.e., translucency.  

Translucency can be defined as the amount of light that is transmitted or 

reflected from a materials surface through a turbid medium (BRODBELT, O'BRIEN, 

FAN, 1980). As shown in previous studies, the size, the amount of crystals in the 

material and also its porosity play important roles regarding the amount of light 

transmitted through the material (HEFFERNAN et al., 2002; JIANG et al., 2011), 

consequently interfering in the translucency of a given substrate. For these reasons, 

the amount of crystalline content in the materials composition can lead to low 

translucency due to different refractive indices between the matrix and the crystals 

used for enrichment purposes, leading to scattering and diffuse reflection of light, 

resulting in undesired opaqueness (JIANG et al., 2011). 

Considering these obstacles at reaching proper translucency, the processing 

methods play an important role at achieving the desired optical properties (MOUZON, 

GLOWACKI, ODÉN, 2008; JIANG et al., 2011; PERSSON et al., 2012). Though, these 

processing methods used to obtain experimental ceramics are not commonly used to 

create ceramics with dental purposes, justifying the need to structurally characterize 

the materials produced by them and evaluate their desired properties. Therefore, since 

new glass ceramics enriched by polycrystalline materials has been produced by 

different processing methods and achieved interesting results, the aim of this study 

was to produce a new glass ceramic containing SiO2+Y-TZP via uniaxial/isostatic 

powder compression and structurally and chemically characterize this material relating 

to its optical properties. 
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2 FINAL CONSIDERATIONS 

 

 

Within the limitations of this study, it can be concluded that the uniaxial/isostatic 

powder compression is an efficient method to obtain experimental ceramics for dental 

purposes. Also, 1150ºC for 2h is sufficient to crystallize SiO2 without inducing t-m 

transformation of zirconia. Yet, this sintering protocol seems to be insufficient to densify 

the experimental ceramic, which consequently resulted in higher contrast ratio and 

lower translucency parameter when compared to lithium disilicate and zirconia-

reinforced lithium silicate. Further studies with different sintering protocols are needed 

in order to properly achieve a good balance between optical and mechanical properties 

for this experimental material. 
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