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MARKET OVERVIEW 

Zirconium oxide’s value above other materials is 
due to its excellent optical properties, biocompa-
tibility, kindness to opposing dentition, and high 
strength.

The dental market is offered a broad portfolio 
of zirconium oxide in terms of sizes, strengths, 
and esthetics. Colors are represented by white, 
pre-shaded, multi shaded, and multi-layered. 
Additionally, a distinction is also made in the 
yttrium oxide content. Increasing the yttrium oxide 
content will increase the translucency. Normal 
concentrations, ranging 3 to 8 mol% for dental 
applications, lead to the distinctions,

Low Translucent Zirconia (LT), 
High Translucent Zirconia (HT) 
and Ultra High Translucent Zirconia (UHT, 
the highest concentration) 

However, higher concentrations lead to changes in 
the crystal structure that reduce flexural strength.

Translucency-
enhancing 
liquid for 
3Y-TZP 
zirconia
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RELATION OF STABILIZATION, TRANS-
LUCENCY AND FLEXURAL STRENGTH

The zirconia (ZrO2) used for dental applications is 
a manufactured structure. Pure ZrO2 has an unu-
sable monoclinic crystal structure at room tempe-
rature. The crystal structure refers to the physical 
orientation and distances between atoms. 
Differences in structure affect density and other 
properties.

The monoclinic structure density is 5.56 g / cm3, 
cubic structure is approx. 5.68-5.91 g / cm3, while 
tetragonal ZrO2 has the highest density, at 6.1 g / 
cm³. These changes in structure are the results of 
small deviations in the orientation of the oxygen 
atoms (see Fig. 1).

The monoclinic structure transforms into the te-
tragonal phase at approx. 1170 °C, and into the cu-
bic phase at approx. 2370 °C. These modifications 
take place during the cooling phase, post sintering. 
The most critical structural transformation is the 
phase shift from tetragonal to monoclinic that 
results in a volume expansion of 5-8%. Stretching 
the bonds between atoms weakens the material. 
For this reason, yttria oxide  (Y2O3) is added to the 
ZrO2 in a process called, “doping,” to prevent the 
phase shift to monoclinic. The addition of yttria 
oxide stabilizes the newly formed stronger structu-
res of zirconium oxide, cubic and tetragonal.

As the yttrium content increases, the proportion 
of cubic phase in the material also increases. At an 
yttrium content of 8 mol%, the doping results in 
full stabilization of the cubic phase. However, the 
greatest advantage for dental purposes is the sta-
bilization of the tetragonal phase that maximizes 
flexural strength.

(A
)

(B
)

(C
)

Fig. 1: from left to righ: A= modifications cubic, B= etragonal, 
C= monoclinic crystal lattice; bright spheres = Zr, dark spheres = 
O (Source: Brevier)



03

Supplies

Flexural Strength & 
Microfractures
3Y-TZP stabilized ZrO2 is measured by its highest 
flexural strength.1 However, in the presence of a 
microfracture, the tetragonal structure undergoes 
a transformation (phase shift) to the monoclinic 
structure that includes a 5 - 8% particle expansion. 
Tensile stresses can induce cracks that propagate 
in the microstructure, depending on the rate of 
crack growth. As the crack travels through the 
structure, the adjacent tetragonal ZrO2 grains are 
converted to the monoclinic phase. 

This effect also enhances 5 and 6 mol% stabilized 
ZrO2. However, in contrast to 3Y-TZP, there is a 
high proportion of cubic grains in the structure of 
the 5 & 6 Y-PSZ (partly stabilized zirconia). Becau-
se cubic grains are not converted into the monocli-
nic phase in the presence of a microfracture, much 
of the crack-inhibiting effect is lost (see Fig. 3).

The resulting volume expansion compresses the 
crack, called “phase toughening,” and dissipates 
much of the crack energy to contain the fracture 
and increase flexural strength (see Fig. 2).

As a result, cubic microfractures extend deeper 
and decrease strength.

Fig. 2: 3Y-TZP Zirconia

 1  TZP = tetragonal zirconia polycrystal

Fig. 3: 5Y- and 6Y-PSZ Zirconia
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Translucency

Translucency is influenced by various aspects of 
the structure (grain sizes, pore distribution, etc.).
 
In addition to the absorption and the reflection 
of the light beam by grain boundaries and poro-
sity, light refraction’s dependence upon crystal 
boundary and structure also plays a major role.

Most systems show an anisotropic structure that 
splits the incident light beam and lowers trans-
lucency, a process called, birefringence.

Fig. 4: phase transformation

3000

0 2,5 5 7,5 10

2500

2000

1500

1000

MONOCLINIC

LIQUID (L)

NONTRANSFORMABLE
TETRAGONAL (T‘)

CUBIC

500

0

T
E

M
P

E
R

A
T

U
R

E
 (

°C
)

MOLE % Y
2
O

3

M + C

M + T

T + C

L + C

CUBIC (C)

MONOCLINIC (M) CUBIC (C)TRANSFORMABLE
TETRAGONAL (T)



05

Supplies

Birefringence is a physical property of optical ma-
terials that have two refractive indices. In different 
polarization levels, light is broken differently. In 
machinable polycrystalline zirconia, this leads to 
increased scattering and opacity. In the 6Y-PSZ 
zirconia birefringence can be drastically reduced.1

By locally increasing the yttrium content in the 
ZrO2 ceramic, the cubic crystal system is also 
locally stabilized. For this reason, the disadvanta-
geous effect of birefringence is avoided, and in 
these areas, translucency is increased.
Which product to buy, more strength or more 
translucency, is a battle today’s dental laboratory 
owners often face.

2 PSZ =  partly stabilized zirconiaFig. 5: Birefringence
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THE SOLUTION

Nacera Blue X makes it possible to increase trans-
lucency of pre-shaded Nacera 3Y-TZP Zirconia, up 
to 8%, resulting in a cubic zirconia like appearance 
after sintering.   

During use, it is important to follow simple guide-
lines. Like the cubic structure, areas where Blue X is 
applied, undergo expansion. In case of a bridge, the 
underside of the pontic is subjected to tensile stress. 
Therefore, Nacera Blue X is limited to the occlusal 
portion of the restauration, and should not applied 
to connectors, gingival side of pontic or neck area of 
crown. Doing so also means that the gingival portion 
of the 3Y-TZP retains its tetragonal structure. 
Experiments have shown that treated restorations 
have a high flexural strength similar to untreated 
crowns.

Fig. 6:
Nacera Blue X

Nacera Blue X, can be used 
for single teeth and 3-unit bridges 

in the anterior and posterior region. 
It is applied with the a brush individually, 

from the middle of the tooth to the incisal/oc-
clusal edge, targeting an increasing translucency 

similar to a shade tab. 

Due to the altered optical properties of the cubic 
phase, the chroma will be reduced on pre-colored 
3Y-TZP zirconium oxide where Nacera Blue X is ap-
plied, creating a natural color gradient.

600 
MPa 1200 

MPa
3Y-
TZP

6Y-
PSZBiaxial

Multi-
Layer Mono-

Layer



07

Supplies

Fig. 7: 
1 : Applying Nacera Blue X  •  2: Sintering
3: Finalizing  •  4: + 8% Translucency with Nacera Blue X

1

2

3

4

Nacera Blue X decreases the need to purchase additi-
onal ultra-high-translucency (UHT or 5Y-PSZ) zirco-
nium oxide blanks, by providing natural esthetics and 
translucency, without sacrificing maximum flexural 
strength.
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Effect of Nacera Blue X

3 DE102015103439
 Fig.9: Modification structure of 

3Y-TZP applied with Nacera Blue X

Patented Nacera Blue X is a complex solution 
with yttrium components.1 The low-viscosity liquid 
should only be applied with a brush to increase 
translucency on pre-sintered/pre-shaded Nacera 
zirconia. Areas of application should be restricted 
to incisal or occlusal surfaces.

During sintering, the Nacera Blue X liquid and 
color vaporizes. The introduced Blue X yttrium 
atoms are included in the ZrO

2
 - Y

2
O

3
 lattice with 

an increased stabilization of its new cubic phase. 
Nacera pre-shaded Pearl zirconia treated with 
Blue X maintains flexural strength of 1,200 MPa 
(DIN-EN ISO 6872-2016).
This is almost twice as high as cubic zirconia and 
up to 3 times as high as lithium disilicate.

 Fig. 8: Nacera Pearl with Nacera Blue X

5 AND 6Y-PSZ

3Y-TZP
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Hesslingsweg 65 – 67 | 44309 Dortmund | Germany
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