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1. Introduction
Dental restoration work serves not only to improve the mastication, but also plays an important
phonetic and aesthetic role. Besides the medical and technical demands made on the 
material, the patient also has a justified interest in a denture whose appearance and effect 
are as close as possible to nature.

2. Alloys for Porcelain-Fused-to-Metal-Restaurations (PFM-Alloys)

2.1  Technical requirements

2.1.1 Thermal expansion and contraction, the thermal expansion coefficient

To ensure a durable bond between metal and porcelain, the thermal expansion and contraction
behaviour of the two types of material must be perfectly adapted to one another. For this, the
normal measured variable is the value for the TEC (thermal expansion coefficient). Its value 
is µ/mK. For example, the increase in length (µ) of a rod measuring 1m in length per °C / °F
(or Kelvin) of temperature increase. As the thermal expansion and contraction of most materials
is not linear, the thermal-expansion coefficient (TEC) value α is determined for a defined 
temperature range (25–500 °C or 25–600 °C/77–932 °F or 77–1112 °F) using a 
standardized test procedure.

Fig. 1 shows the TEC values α for the various types of PFM alloys based on precious and non-
precious metals, as well as the alloy range covered by CARMEN® porcelain.

Fig. 1: Thermal-expansion coefficients (TEC) for PFM allloys
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It can be seen that CARMEN® covers the range of all the classical PFM alloys (TEC values from
14.1 x10-6/K - 15.3 x10-6/K [25–600 °C/77–1112 °F]). As the TEC values of pure titanium
and gold alloys with low melting points deviate sharply from this range, special ceramic mate-
rials are required for use with these alloys.

As ceramic materials can withstand compressive better than tensile stresses, the TEC value of
the material (through the cooling process after baking) is adjusted in such a way that it is
slightly lower than that of the frame metal. In this way the desired compressive stress of the
porcelain layer is achieved (fig. 2).

T > Tg

Compressive Stress

Tensile Stress

T = RT (TEC Porcelain < TEC Metal)

Fig. 2: Interactive stresses in the PFM system

2.1.2 Resistance to deformation during firing

Alloys become softer with increasing temperature. Once the solidus temperature is reached,
they begin to liquefy. When the liquidus temperature is reached, they have been transformed
into a completely liquid state. In order to avoid deformation or sagging of the frame (through
its own weight and that of the applied ceramic material) during the baking process, the interval
between the baking temperature and the liquidus temperature must be as great as possible.
In specialist American literature, this resistance to deformation during baking is termed „sag
resistance“. The factors affecting this are shown in fig. 3.

Fig. 3: PFM restaurations, resistance to sagging during firing

Alloys with high gold content are especially liable to sagging during firing (fig. 4). The reason
for this is their high density and the melting range which is only just above 1000 °C/
1832 °F. For this reason, a ceramic material such as CARMEN® with its lower bake tempera-
ture range, is ideally suited for use with these alloys. 

Resistance to deformation or sag resistance depends on:

1) the PFM alloy used (density, solidus and liquidus temperatures)
2) the porcelain used (firing temperatures)
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Fig. 4: Alloys used for PFM restaurations

2.1.3 Additional technical demands on PFM alloys

Apart from those mentioned above, numerous other characteristics are of importance for a
PFM alloy. These include the wettability of the metal frame, thermal conductivity and oxide
formation. For more information on these factors, the reader should refer to the literature on
the subject (e.g. (2) Eichner).

3. Porcelains for PFM restauration
3.1 A comparison between vitro-ceramic, feldspar porcelain and low-fusing 

porcelain materials

Fig. 5 shows a comparison between the three types of dental porcelain materials in tabular form.
The conventional porcelain powders for PFM technology are the so-called feldspar porcelains
of the first and second generation.

They consist of a mixture of potassium feldspar, sodic feldspar and quartz. The porcelain 
powders are manufactured by pulverization of a frit consisting of incompletely molten glass (3).

Low-fusing ceramics (LFC) consist of pure single-phase glass without a crystalline phase. The
glass is modified by a special treatment, i.e. the hydroxyl groups are expanded. This reduces
the bonding energy of the glass molecules, thereby lowering the melting point.

With LFC baking-ceramic compounds (e.g. Ducera gold), the glass phase of the conventional
MK powders is replaced by the LFC glass phase. In this way, the baking temperature of such
powders can be reduced from between 920–930 °C to 760–780 °C/1688–1706 °F to
1400–1436 °F.

Like the classical MK compounds, these compounds also contain crystalline phases of 
leucite. Leucite is the vehicle for the thermal expansion and contraction. By increasing the 
proportion of leucite, it has been possible to increase the thermal expansion of these compounds
in such a way that they are compatible with the high values of the new low-melting point 
precious-metal alloys such as Degunorm.

Density and melting range
Alloy Density Melting range
basis (g/cm3) (°C/°F)
Au 17-19.9 1050–1200/1922–2192
Au-Ag (f.lfc) 15.7-16.7 900–990/1652–1814
Au-Pd 13.5-18 1100–1300/2012–2372
Pd 10.5-13 1100–1300/2012–2372
Co 8.1-8.8 1250–1400/2282–2552
Ni 7.6-8.5 1200–1350/2192–2462
Ti 4.5 1700/3092

For precious metal alloys the opaque-firing is carried out at 940–950 °C/1724–1742 °F.
For non-precious metals, the opaque-firing temperature is 980 °C/1796 °F. The low tempe-
ratures of the dentin baking and corrective baking (870 °C/1598 °F) processes are parti-
cularly important because crowns tend to widen after the oxide and opaque bakes, but may
then contract after application of thicker layers, thus preventing the MK crown from being 
fitted accurately onto the die (EICHNER 2). This effect is also dependant on temperature and
material.



CARMEN®,  Feldspar Ceramics, LFC
Vitro ceramic feldspar ceramic LFC
CARMEN® low fusing ceramic

Chemical 
Composition: SiO2: approx. 60 % 50–60 % approx. 75 %

Al2O3: 14 –16 % 15–20 % approx. 8 %
K2O: 9–12 % 7–11 % approx. 2.5 %

Na2Oand others 8–11 % 5– 7 % approx. 13 %
Structure 50 % microcrystals, Incompletely Single-phase glass,

remainder amorphous molten glass, mix- no crystalline phase,
phase ture of potassium

feldspar and glass,
mixture of ceramic hydrothermal glass
and glass (approx.
20% crystalline
phase in dentin)

Baking 
temperature: 940–960 °C/ 970– 980 °C /
Opaque 1 1724–1760 °F 1778–1796 °F
(wash bake), 980 °C/1796 °F f. NEM)
glaze bake 870 °C/1598 °F 920–930 °C/ 760–780 °C/

1688–1706 °F 1400–1436 °F
Transformation/ 550 °C/1022 °F
glass temperature 510–600 °C/950–1112 °F 450 °C/842 °F
Hardness HV 0.2 590 ca. 600 ca. 420

Unlike the compounds described above, CARMEN® is a metal-ceramic compound of the next
generation. Substantial differences are already apparent from a description of the manufacturing
process.

First of all, the mixture of constituents (fig. 5) is fully melted at between 1300–1500 °C/
2372–2732 °F and then quenched in cold water. In this way, the amorphous structure 
of the melt is frozen at room temperature.

During a second stage in the process, a heat-treatment phase at 1000 °C/1832 °F known 
as tempering, systematic precipitation of the finely distributed crystals (leucite) is initiated. 
By exact control of time and temperature, a large quantity of tiny leucite crystals is formed 
until approximately 50% of the compound has crystallized. A further quenching operation
concludes this process. The material created in this way is known as vitro-ceramic because 
of its microstructure.

A glance at fig. 5 again makes apparent the difference between the vitro-ceramic powder 
CARMEN® and conventional feldspar porcelains.

In particular, the proportion and structure of the microcrystalline phase have a decisive influence
on the characteristics of this material.

The microcrystalline leucite crystals bring about a dispersion hardening of the material. As the
crystalline leucite phase has a higher TEC value than the amorphous glass phase, intrinsic
pressure stresses occur at the transition surfaces between crystal and glass which effectively
counter the formation or propagation of cracks.
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Fig. 5: Comparison of characteristics



4. Aesthetic aspects of porcelain
The amount and quantity of the microcrystalline phase not only have a decisive effect on the
technical characteristics of the material, but also on its appearance.

The visual effects which give the natural tooth a vital appearance, depend on a number of factors
such as reflectivity, opalescence and translucence. Natural teeth allow incident light to pass
through them, and then reflect it at the transition area between the layers and the differently
structured hard substances in the tooth (2).

The amorphous microcrystalline structure of the vitro-ceramic material is obviously capable of
imitating this visual effect produced by the natural tooth.

In the porcelain, the incident light meets crystalline components which diffuse and reflect it
(2). With the vitro-ceramic material CARMEN®, the increased amount of the microcrystalline
phase causes increased reflection and refraction of the light. This effect is comparable to that
of a diamond which sparkles all the more, the more facets it has.

The opinion of experienced dental technicians confirms this analogy. Among the descriptions
used by them were „activation of the natural light spectrum“ and „vital“.

5. Further reading
(1) DIN EN ISO 9693 Metall-Keramik-Systeme für zahnärztliche Restaurationen 

Beuth-Verlag, Berlin, März 1995

(2) Eichner, Metallkeramik in der zahnärztlichen Prothetik, Carl Hanser Verlag     
München-Wien 1979

(3) Claus,H., Das Gefüge und Mikrogefüge der Dentalkeramik in Abhängigkeit von den     
Brennbedingungen, Quintessenz  Zahnt. 16 ,S. 1479-1495 (1990)
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