
What is ZirConiA?
Zirconia is a crystalline ceramic made from the mineral zir-
con. Crystalline means that it is not a glass, like dental por-
celain, but closer to metals with grains and grain boundar-
ies. We will discuss the implications of this below. Ceramic 
means that the material is a combination of a metal with, 

ZirConia

Material Weight % radio-
aCtivity

ZrO2 + HfO2 ~ 67  
SiO2 ~32

Al2O3 ~ 0.3  
Th 190 - 230 ppm 0.8 – 0.9 Bq/g
U 220 - 260 ppm 2.7 – 3.2 Bq/g

Others < 0.5  

The Story of
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t his is not a historical review of the substitution of zirconia in place of porcelain-

fused-to-metal, but rather a description of what zirconia is, how it is made, the 

different types of dental zirconia and the properties of zirconia, both good and 

troublesome, that affect its use as a dental restorative material. 

in this case, oxygen. When metals combine with elements 
like oxygen, the result is a new material having its own set 
of properties (chemical, physical, biological, etc.). Just as 
the metal aluminum combines with oxygen to form the ce-
ramic alumina, the metal zirconium combines with oxygen 
to form the ceramic zirconia. 

Zirconia is a crystalline showing grains and grain boundar-
ies while the dental porcelain has no structure since it is a 
glass. The grains provide strength but also result in frac-
ture if abused. 

hoW is dental zirconia MADE?
The mineral zircon is one of the oldest minerals in exis-
tence. It was one of the first materials formed in the 
earth’s crust over three billion years ago. The mineral con-
sists of zirconia silicate with radioactive elements. Table 
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1 shows a typical composition of the mined 
mineral from southwest Australia, which is 
the world’s largest commercial mine for zir-
con. 

Dissolving the zircon in acid removes the 
silica, trace and radioactive elements. This 
results in the formation of zirconium oxy-
chloride octahydrate (ZrOCl2 * 8 H2O), which 
is the feedstock for the production of dental 
zirconia. This is a critical juncture for dental 
zirconia since the next steps will determine 
the optical and physical properties of the fi-
nal material. 

The best process to date for both optical and 
physical properties is to add yttrium chloride 
YCl2 into the feedstock. By adding the yt-
trium in this way, the zirconia and yttria be-
come more intimately connected producing 
a more translucent, yet strong dental zirco-
nia. The soup of ZrOCl2 + YCl2 + H2O is then 
processed to produce a single material ZrO2 
Y2O3. 

What is the CoMPoSiTion 
oF dental zirconia?
Dental zirconia needs to be very pure and has 
a simple composition as shown in Table 2. 

Several comments are in order regarding 
the composition. First, the yttria (Y2O3) con-
tent is a controlling factor for strength and 
translucency. Second, the component hafnia 
(HfO2) is a sister element to zirconia. Nature 
sometimes does not allow a material to be 
100 percent pure and this is the case with 
zirconia. There will always be some hafnia 
present, typically less than five weight per-
cent. For this reason, the combination of 
ZrO2+HfO2 is usually shown. Hafnia, how-
ever, is benign, which means that it has no 
effect on the material’s physical or opti-
cal properties. Lastly, the alumina content 
(Al2O3) plays a very big role in keeping the 
dental zirconia in one piece. 

Unlike metals, the grain boundaries of zirco-
nia are very weak. It was found that water 

can seep into the grain boundaries causing 
the grains to separate, destroying the struc-
tural integrity of the object. This phenom-
enon is called ‘hydrothermal aging’ and can 
take place at body temperature. It was found 
that by adding only one-quarter weight per-
cent alumina, the water was kept out of the 
grain boundaries and the material remained 
intact. The problem with this solution was 
that the material became chalk white. The 
alumina refracted the light, substantially re-
ducing the translucency of the zirconia. This 
is why the original dental zirconia was white 
and required porcelain application in order 
to be used as a restorative material. As the 
zirconia development advanced, it was found 
that the aging could be prevented with small-
er and smaller amounts of alumina additions. 
Most modern monolithic dental zirconia has 
less than one tenth weight percent of alumi-
na, allowing for improved translucency while 
maintaining aging resistance. 

Zro2 + hFo2 
+ y2o3   >99 Wt% 

 

Y2O3  (Yttria) 5 - 10 wt% 
Determines most 
properties 

HfO2  (Hafnia) < 5 wt% Benign sister material 

Al2O3  (Alumina) < 0.25 wt% 
Added to prevent 
‘aging’ 

Figure 1a 
Dental zirconia 
Photo credit: The Argen Corporation 

Figure 1b 
Dental porcelain 
Photo courtesy of Dentsply Sirona

Table 2  The composition of dental zirconia
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The amount of a given element in a ceramic 
cannot be controlled as tightly as that for an 
alloy. The amount of yttria is an approximate 
value as shown in the first column for weight 
percent. To address this issue, most ceramists 
use the mole percent rather than the weight 
percent. The second column shows the two 
ways of stipulating the mole percent as an 
actual percentage or with the abbreviated 3Y, 
4Y or 5Y and the last column shows some ex-
amples of zirconia and its mole percentages. 

What are ThE ProPErTiES 
oF the diFFerent tyPes oF 
zirconia? 
There are only two properties in dental re-
storative material that we have an interest 
in: translucency and strength. For example, 
Table 5 shows the product offerings from The 
Argen Corporation. 

As seen, the yttria content alone does not 
indicate the strength of the material. There 
are critical processing parameters that can 
produce both strength and translucency. Al-
though the 5Y materials have the best trans-
lucency, the strength of the materials limits 
their use to single crowns and short span 
bridges. The 3Y material’s low translucency 
makes it difficult to reproduce the effects of 
dental porcelain. The introduction of 4Y ma-
terials bridges the gap by providing higher 

Weight % Mole % exaMPle ProduCts 

~ 5.5% 3% or 3Y 
ArgenZ® Ultra, 3M™ Lava™, Cercon®

ArgenZ® Esthetic, BruxZir®, NexxZr®

~ 6.9% 4% or 4Y ArgenZ® HT+ 

~ 9.2% 5% or 5Y ArgenZ® Anterior, BruxZir® Anterior, 
KATANA™ STML 

  alloys PorCelain ZirConia

Composition
Au, Pt, Pd, Ag, Cu, Ga, 
In, Sn, Co, Zn Changes 
affect all properties.

Na2O, K2O, Al2O3, CaO, 
LiO2, SiO2 Changes 
affect all properties.

Y2O3

Processing
Grain refining. Increases 
the strength and tarnish 
resistance of the alloy.

Slow Cooling. Increases 
the thermal expansion 
coefficient

Quantity of yttria,

Chemical addition, Mechanical milling, Mixing 
method, 

Drying method,

Disc fabrication

Determine optical and mechanical properties. 

The material development of dental zirconia 
is very different from the other materials used 
for prosthetics. As shown in Table 3, modify-
ing the properties of zirconia must be done 
in the initial processing stage, involving thou-
sands of pounds of zirconia, in comparison to 
alloys or porcelain, where the composition 
modifications can be made with a few pounds 
for porcelain or a few ounces for alloys. 

What are ThE TyPES oF 
dental zirconia?  
As shown in Table 3, the yttria content is the 
only compositional element that can be used 
(so far) to produce different variants of mono-
lithic zirconia. This has resulted in a classifica-
tion system that is based on the amount of 
yttria in the material. Examples are shown in 
Table 4. 

Table 3  Possible material modifications showing zirconia is limited to mostly processing changes whereas the alloys and porcelain can be modified 
by changing the materials composition. 

Table 4  Shows the different types of dental zirconia sorted by yttria amount. 

Only ArgenZ® is a trademark of The Argen Corporation
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translucency than the 3Y without any loss in 
strength. Thus, bridges as shown in Figures 
2a-b are possible.

hoW is zirconia ShADED?
The development of color in zirconia has 
steadily improved and we now have three ba-
sic methods: 

1. Dipping: white zirconia is shaded by dip-
ping the milled units in a coloring liquid.

2. Monolithic pre-shaded zirconia. The color 
is consistent throughout the unit. 

3. Multilayer pre-shaded:  The color is tran-
sitional from incisal to gingival.

Each method has advantages and disadvan-
tages.

Dipping in coloring liquids:
The introduction of water-based coloring liq-
uids simplified their use but there always re-
mained a problem of reproducibility. The col-
oring liquids contained metal salts that were 
absorbed by the porous zirconia units. Upon 
heating, the metal ions became part of the 
zirconia structure and reflected light depend-
ing upon their chemistry. For example, iron re-
flected yellow and erbium pink. The problem 
was that the length of time in the liquid and 
concentration of the metal salts in the liquid 

Wt % yttria   Brand strength transluCenCy aPPliCation
# 

units

5.5 % Y2O3 3Y Ultra 1400 MPa almost opaque PFZ 14

5.5 % Y2O3 3Y Esthetic 1100 MPa 40% monolithic 14

6.9 % Y2O3 4Y HT+ 1250 MPa 45% monolithic 14

6.9%  Y2O3 4Y HTML 1250 MPa 45% monolithic 14

9.3 % Y2O3 5Y Anterior 765 MPa 50% monolithic 3

9.3 % Y2O3 5Y ST ML 850 MPa 50% monolithic 3

Figures 2a-b 
ArgenZ HT+ zirconia. Photos courtesy of Dentsprosth, Sunrise, Fla.

Table 5  Shows the properties of several dental zirconia materials and their applications.

2a

2b
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changed the shade or intensity of color; the concentra-
tion of the metal salts changed just by leaving the lid open 
on the shelf. Pontics especially caused variation in shade 
within the same bridge since they absorbed more of the 
liquid. The dipping method, however, provides the most 
control allowing for excellent results as shown in Figure 3. 

Pre-shaded dental zirconia
Using metal oxides added to the zirconia, companies in-
troduced pre-shaded zirconia starting with a value system 
and eventually offered all 16 VITA classical shades and 
three bleach shades. Since the entire disc was one shade, 
the problem with pontics and reproducibility was solved. 
Figure 4 shows a typical result. 

Using pre-shaded zirconia resulted in a higher inventory 
cost but the benefit outweighed the cost. The issue that 
remained was the entire unit was monochromatic with no 
natural transitional effect. 

Multilayer pre-shaded zirconia
The solution to developing a transitional effect in a pre-
shaded zirconia was to fabricate the zirconia disc in layers. 
Each layer had an increased amount of coloring oxides go-
ing from incisal to gingival. The units need to be nested 

properly in the disc to obtain the proper degree of trans-
lucency on the incisal and the proper degree of chroma 
on the gingival. 

Figure 5 shows the most advanced multilayer system var-
ies the layer thickness dependent upon the disc thickness 
in order to achieve that goal. 

Figure 3  This is a custom shade, modified incisal, longer ‘enamel’ 
layer and intrinsic characterization. The unit was glazed only with no 
external stain.

Shade3L1.5

Shade4L1.5

Figure 4 

Pre-shaded zirconia helps control the chroma level across a bridge with thin abutments.

3

4
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The Troublesome Features 
of Dental Zirconia 
(and how to handle them)

As we discussed, dental zirconia makes an excellent 
prosthetic material, however, there are some features 

that can make using it difficult. These are:

• Yttria is added to zirconia to stabilize the strong form 
of the material. This causes the structure to be strained 
since the material would prefer to be in a different form 
that is larger in size. The situation is similar to water 
freezing. The ice is larger in size than the original liquid 
volume as seen in Figure 6.

 These lead to fracture during rapid cooling after 
sintering: adjusting sintered units without using water 
and using hard tools like carbides and diamond discs on 
sintered zirconia.

• Bridges or large implant units must be slow cooled, both 
in the sintering and glaze cycles. 

• Use tools especially made for zirconia. They are 
designed to dissipate the heat. 

• Constantly inform your clients to use copious amounts 
of water when adjusting the sintered zirconia units. 

• Zirconia is very inert so it cannot be etched or repaired. 
Any crack, no matter how small, will NOT heal. 

• Zirconia cannot tolerate any tensile force, so bridge 
connectors must be larger, especially in the vertical 
dimension, than what was used for PFM connectors. 

Figure 6 
Shows that ice has a larger volume than the original liquid water just as 
in zirconia when the tetragonal phase changes to the monoclinic phase.

Figure 5 
Multilayer zirconia 
disc showing the 
nesting guidance 
for ArgenZ HTML. 
Note that the layer 
thicknesses are 
dependent upon the 
disc thickness.

FinAlE
So there you have it, the story of dental zirconia from the 
mineral mined from the ground through to the remark-
able prosthetics that can be fabricated from the dental 
material. Learn more about dental zirconia from Argen 
Education.  
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