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A VITRO CERAMICS FOR MEDIUM FIRING TEMPERATURE

Physico-chemical 
characterisation of a 
dental ceramics: CARMEN®

Dr. F. Lelièvre, Sofraced S.A., F-49124 Le Plessis-Grammoire (Abstract:)
English version of the French article which appeared in the magazine “art & technique dentaires, vol. 9, no. 3,
June 1998”

The following article provides a summary of the principal findings which have been acquired
by university laboratories and the industry during the development of the new dental 
ceramics CARMEN®. The technical explanations inserted in the text are meant to enable the
reader who is less experienced in material sciences to better understand the evaluation 
criteria of the products he wants to work with.

T
he multitude of ceramic materials for the

making of dentures which has appeared

on the market during the nineties often

went along with a lack of scientific information

about the individual products and therefore it

was impossible to evaluate the performance of

the systems offered correctly. Only a close look at

the physical and chemical parameters of the 

material allows to explain its later conduct when

integrated within the mouth or within a prosthe-

tic work. The development of CARMEN® began

with a very simple conclusion: In spite of the 

variety of new materials in the market the follo-

wing three conditions were not always given:

– for the patient: aesthetic and prosthetic 

comfort

– for the dentist: guaranteed aging stability 

of the material

– for the technician: easy handling and 

constant material quality.

Although many ceramics exist, reliable results 

about a constant reproducibility are not available.

The intention for the development of the 

CARMEN® ceramics was to meet these expecta-

tions and to substantiate the individual physico-

chemical parameters characteristic for this mate-

rial. The dentin materials of the CARMEN®

ceramics are produced in a factory certified by

ISO 9002 and are the only dentins today carrying

the NF/adF mark (according to French standards)

as well as the CE mark.
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Fig. 1 – Principle of manufacturing vitro ceramics [2]

A Scientific Alternative: 
Synthetic Vitro Ceramics

Since a certain number of materials already use

the name vitro ceramics, a short summary of the

production principles of this material will help to

better understand the singularities of CARMEN®.

Vitro ceramics represent a relatively new class of

anorganic material being non-metalic and micro-

crystalline. Two completely different manufactu-

ring processes are necessary for its production:

first the production of glass followed by its 

crystallisation during a second heat treatment

(fig. 1) [1].

Vitro ceramics in general have two advantages

compared to a usual ceramic material: 

– the existence of a homogeneously spread 

crystalline phase within a glass-like phase

– as good as no porosity.

Thus an excellent diffusion of light can be 

achieved within the ceramics.



Fig. 2 – Pyroplastic behaviour of
various dental ceramics
according to standard NFS 91-
221 after 
16 minutes baking time
compared to CARMEN®

HF = high fusion;
MF = medium fusion;
LF = low fusion

The investigations done during the development

of CARMEN® have led to the following results:

– Only a strict quality control of the raw materi-

als used for the  production of the glass can gua-

rantee the reproducibility of the physicochemi-

cal properties. For the mixture of the raw

materials used to melt the glass, the traditional-

ly used rocks feldspar or kaolin are replaced by

synthetically produced and thus highly pure

oxide ceramic  powders (Al2O3, ZrO2, SiO2,

B2O3). This way the natural impurities within

the raw material can be excluded. It is the deci-

sion for these highly pure ceramic oxides and

the use of high quality raw materials which ex-

plains the name “synthetic ceramics”.

– The melting conditions for the production of

the glass have vital influence on the physico-

chemical conditions of the vitro ceramics. 

There are three factors which have to be care-

fully observed during the production of this

new material:

– the influence of the solidification velocity of

the glass

– the thermo-dynamic behaviour during the sepa-

ration of the phases

– the influence of the crystallisation seeds to the

phenomenon of crystallisation (relative ratio

between crystalline and glass-like 

phases).

The studies executed proved that the most 

successful method is a very quick solidification of

the glass melt in water along with crystallisation

seeds of metal oxides.

In order to achieve a controlled crystallisation of

the raw glass by using crystallisation seeds, a furt-

her thermal treatment is necessary (which ex-

plains the use of the term “double thermal tre-

atment”). The second treatment causes

crystalline precipitations which guarantee the sta-

bility of the material later on during the 

firing in the dental laboratories. The carefully

executed double thermal treatment allows a per-

fect steering of the crystallinity of the 

material:

– the kind of precipitations (α-Leucit or 

β-Leucit)
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– the final degree of crystallisation

– and the size of the crystallites

Furthermore, the double thermal treatment con-

tributes to the decomposition of inhomogenities

which could harm the stability of the material.

The Logical Concept: 
Medium Melting Temperatures

After having known a lot of high melting 

ceramic materials (around 950 °C/1742 °F) up un-

til the early nineties, the dental market has over

the last couple of years turned towards 

the low melting materials (under 800 °C/

1472 °F), which own attractive properties, like ea-

sy glaze firing and short baking time. The neces-

sity to achieve low baking temperatures does lead

more and more to the use of low melting glass in-

stead of vitro ceramics.

Due to the simple handling for a glaze firing or

when polishing the ceramics, it is on the other

hand generally accepted that the following pro-

perties are reduced:

– the pyroplastic flow (fig. 2)

– the possibilities to do furnace soldering

– the number of appropriate modelling fluids.

A ceramic material for medium firing tem-

peratures allows to avoid these troubles and at the

same time offers simple polishing and a 

natural glaze without worsening the physico-che-

mical properties or excluding the possibility of

furnace soldering. This way, the advantages of

high melting and low melting ceramics can be uni-

ted.

Remark: Leucit is a potassium-aluminium-silicate (K2OAl2O3-4SiO2) which 
at high temperatures (>605°C/1121°F) is present in the α -phase and at low
temperatures in the β-phase (< 605°C/1121°F).
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The Process: 
Thermo Coloration
Due to the lack of colorimetric stability of 

some of the ceramics on the market today a 

newly developed colouring technique is used for

the production of the CARMEN® vitro ceramics.

This technique guarantees a greater stability of

the colour during the firing process as well as 

later on, when integrated into the mouth of the

patient. Thanks to a special treatment, the so-

called thermo-coloration, one of the main pro-

blems of a dental ceramics could be solved. Du-

ring thermo-coloration, the coloration is not

achieved by adding coloured pigments to the cera-

mics powder at the end of the production process,

but by a colour reaction which is activated by he-

at in the beginning of the production 

process. Thus the anorganic colouring pigments

melt into the vitro ceramic material. This way two

important properties of the dental ceramics can

be optimized:

– the homogeneity of the colour shade,

– the longlasting stability of the colour shade.
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Fig. 3 
Assortment of vitro ceramic material after thermo coloration

Fig. 4
The dilatometric measurements
of CARMEN® show the stability
of the thermal expansion
coefficient after 1-5 firings.

Fig. 5
Stability of colour coordinates a and b of  CARMEN® colour
A3 within the L*a*b* system during 5 baking sequences.

Fig. 6
Stability of luminosity of CARMEN® colour 
A3 within the L*a*b* system during 5 baking
sequences.

Fig. 7 
Stability of transparency of CARMEN® colour A3
after 1-5 firings.
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The Priority: 
Stability of the Product
By combining the double thermal treatment and

thermo-coloration, extreme firing conditions in-

fluence the product during the production 

process of the vitro ceramics CARMEN® which

cannot be achieved at a dental laboratory even

when doing several firings. Thus, already during

the production process, the material is being

stressed a lot harder than during normal use. 

This production process guarantees:

– the stability of the coefficient of thermal 

expansion (fig. 4)

– the stability of the shade (fig. 5 + 6)

– the stability of transparency (fig. 7).

Due to the stability of the material the dental

technician obtains durable markings over several

firings even with the most transparent powders li-

ke the Neutral Transparent.



How to measure the coefficient of
thermal expansion?

To measure the coefficient of thermal expansion

of a material a sample is heated in a furnace and

a holder is fixed on each end of the sample in or-

der to measure the expansion of the material du-

ring the heating process. The coefficient of linear

thermal expansion can be calculated from the slo-

pe of the expansion curve in relation to the tem-

perature (fig. 4).

How to measure the coloration?

The perception of colour depends on the perso-

nal feeling and interpretation of each individual.

The appearance of a tooth varies completely 

depending on the light, the colour of the sur-

roundings like for example the clothes or make-

up, and even the angle of vision [3].

To eliminate these factors it is necessary to use a

spectrophotometer which can determine the phy-

sical data of the respective colouring in standardi-

zed daylight. 

The objective definition of a colour is determined

by three parameters shown in a standardized

three-dimensional colour scope (fig. 8):

The shade: red, yellow, blue, green

The brightness: bright or dark colouring

The saturation: vivid or dull colours

Amongst the standardized colour space the most

current one today is space L*a*b*, whereas L*

defines the brightness and a* and b* the colour

coordinates. Picture 8 shows a colour diagram

a*b* where the brightness L* is constant and a*

and b* define the shading. +a* shows the red area,

-a* the green, +b* goes towards yellow and -b* to-

wards blue. A further factor of determination is

the opacity which defines the relation 

between the intensity of the reflected brightness

towards the intensity of the brightness irradiating

and shining through (fig. 9).

An Absolute Necessity: 
The Reproducibility of the 
Material
It is relatively easy to make sure that a produced

ceramic lot corresponds to the current standards

of ISO 6872, ISO 9693, DIN 13927, NFS 91-221. It

is however a lot more difficult to not only monitor

the material lot statistically but to test it with

100% traceability during the entire manufacturing

process.

The decision for the high quality of this new ce-

ramics puts one under an obligation to comply

with the following necessities:

– controlling every lot at the factory (this means

16 tests instead of 3 according to the internatio-

nal standard ISO 6872).

– inspection of the stock by an independent 

laboratory including a statistic evaluation 

for the quality marking of the product according

to the French Institute of Standards NF/Adf.

The reproducibility of the colour coordinates of

each material tested with the spectrophotometer

(system L*a*b*) guarantees the reproducibility of

the material with a defined resolution lower than

can be detected with the naked eye.

Apart from the reproducibility of the measurable

results which define the physico-chemical charac-

teristics, the singularity of this product 

is based on the fact that the aesthetic require-

ments which are of eminent importance to 

the dental technician have been taken into consi-

deration during the development process already.

The same attention was given to the 
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Fig. 8 - The colour space

Fig. 9 
Stability of transparency of the
ceramics CARMEN® Neutral
Transpa during several firings in
a sequence, shown as
percentage of opacity.1 
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stability of shades and shapes and thus a simple

handling could be realized through conscientious

examinations and conception of the morphology

of the powder and the physico-chemical proper-

ties of the modelling liquids.

The mixture of ceramic powder and modelling li-

quid results in a colloid solid/liquid system, the

characteristics of which are regulated by the 

surface of the particles and the properties of the

dissolved chemical ele-ments [4].

The examination of the rheology of the mixtures

of powder and fluid showed that it is necessary 

to test three further parameters apart from the

physico-chemical properties of the components:

– the distribution of grain size of the powder

– the rheological behaviour of the liquids as well

as the mixtures of powder/liquids

– the kind of interaction between powder and flu-

id (measurement of the electro-kinetic 

potiential)

Fig. 10 clearly shows the even distribution of

grain size (monomodal) of CARMEN®. The 

effects of sedimentation which can occur when

mixing the powder with liquid is avoided due to

the very homogeneous grain size. The choice of

this kind of grain size distribution has a signifi-

cant influence on the final appearance of the 

ceramic material after firing.

– The liquid concentrate is used for mixing 

extremely plastic pastes to be worked with 

a spatule.

The degree of suppleness of the mass of ceramic

powder and modelling liquid as well as the shrin-

king behaviour of the powder itself are closely

connected to the physico-chemical properties of

the modelling liquid used. The different liquids of

the CARMEN® product line show a completely

different behaviour of dispersion. This is due to

the differing electrostatic behaviour (Tab. 1), 

although their viscosity is almost identical.
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Tab. 1 – The electrokinetic potential of a mixture of  CARMEN® dentin with the
modelling liquids LV, MV and concentrate.

Abb. 10 – Grain size distribution of different dental ceramic materials in 
comparison with CARMEN®.

Vo
lu

m
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%

Relative volume portion

Grain size (µm)

CARMEN®

high fusion X
low fusion Y
low fusion Z

ELECTROKINETIC
POTENTIAL 
OF 20°C

– 11,7
– 6,7
– 2,7

MODELLING
LIQUID

LV
MV

Konzentrat

How to measure the 
electrokinetic potential:

The behaviour of dispersion (powder + liquid) is

directly connected to the composition of the sur-

face of the particles. Most of the modelling liquids

used are polyelectrolytes which influence the elec-

trokinetic behaviour of the powder. To measure

the electrokinetic potential the dispersion is pla-

ced in an electrophoretic cell consisting of two

chambers towhich, connected through a channel, 

How to measure the grain 
size distribution:

A laser beam is pointed on a cell which is 

being rinsed with a solution of water and the

powder to be analyzed. The laser beam is being fo-

cussed by an optical system of convergent lenses.

The stronger or weaker interaction between the

laser beam and the individual particles is analyzed

by a photographic cell and evaluated graphically

by means of a computer (fig. 10). Particle sizes

from 0,04 µm up to 2000 µm can be measured

this way.

3 Mixing Liquids - Why?

The selection of three liquids of different
viscosity enables the dental technician to
modify his model as he likes.

– The liquid LV has been developed for the daily

routine work and is the liquid used the most.

– The liquid MV causes greater plasticity of the

mass. It is recommended for extensive repair

work.



two electrodes are connected. The different 

charge between the two electrodes produces 

a homogeneous electric field within the 

channel which draws the particles, depending on

their charge, to a certain side of the electrodes.

The bigger the electrokinetic potential, the stron-

ger the repulsion between the particles [5].

A Must: 
The Longterm Stability 
of the Physical Properties
The standards ISO 6872 and ISO 9693 lay down

three tests which have to be executed 

to guarantee the physico-chemical properties:

– flexural strength by three point examination

– examination of chemical solubility

– adhesion of the ceramics-metal-connection

Flexural Strength and Hardness

With 75 MPa, the flexural strength of the 

CARMEN® dentins lies 50% above the current

international standards (50MPa). The flexural

strength strongly depends on the crystallinity 

(volume percentage of crystalline phase), therefo-

re a strict control of the seed forming phenomena

during production of the vitro ceramics, as descri-

bed in the beginning of this article, is extremely

important. The micro crystallites within the vitro

ceramics prevent the spreading of cracks. These

good mechanical properties are in existence along

with the lowest possible hardness ever measured

for dental ceramic material (fig. 11). This circum-

stance prevents an undesireable abrasion of the

natural teeth.

How to measure flexural strength 
and hardness: 

Hardness and flexural strength are two comple-

mentary basic properties which are still complete-

ly different. The term „hardness“ is often used in

the opposite sense, meaning flexural strength.

Hardness, however, is the resistance of a material

against penetration.  The  most current method of

measuring is the hardness test according to Vik-

kers. A force F1 is directed to a pyramid-shaped

pin (fig. 12). Tables show the degree of hardness

according to Vickers by measuring the depth of

penetration of the pin (fig. 13).

During the three point bending test (fig. 14) 

an increasing force F2 is directed on the sample

until it breakes. Taking the amount of force which

was necessary to break the material (Newton), it

is possible to calculate the degree of flexural

strength (in MPa) [6].

Chemical Solubility

With the test described in standard ISO 6872 the

chemical solubility of ceramics in the mouth can

be simulated (accelerated method). To execute

this test the material is brought together with a

strongly aggressive acid substance (acid solution

with 4% acidity). The values measured for 

CARMEN® (20 µg/cm2) are five times better than

the maximum defined in standard ISO 6872 

(100 µg/cm2).

Adhesion of the ceramics-metal-link

The various tests for adhesion between metal and

ceramics have been executed according to Schwik-

kerath. For this test a defined piece of metal is fa-

ced with ceramic material in the middle. Now the

sample is tested with the three point bending test.

An adhesion of a minimum of 25 MPa is required.
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Fig. 11
Vickers hardness HV 0.2 of different dental ceramic materials.

Fig. 12 – Vickers hardness test
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The Goal: 
Aesthetics in Service of Nature

It has been a very important goal during the de-

velopment of the colouring of CARMEN® to cor-

respond to the logic relationship between the va-

rious shades within the colour family. The

examinations of the trichromatic properties of the

colour A (fig. 16 a, b, c) clearly show the increa-

sing saturation from A1 to A4, whereas the rela-

tion between dentins and opaque dentins was

kept on a constant level. The special crystalline

structure of the vitro ceramic material CARMEN®

creates an exceptional refraction and conductivity

of the light. The effect of depth can be sensitively

steered via the form of the surface. 
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Fig. 13 
Pyramidal impression according

to Vickers

Fig. 14 – Measurement set-up for the three-point bending test

Fig. 15 – Test sample for 
the adhesion test according to
Schwickerath 
(DIN 13927/ ISO 9693) before
and after the test.

Fig. 16 – Colour saturation within shade A3 of CARMEN®

a)  Colouring a* for dentins
and opaque dentins

c)  Colouring L* for dentins
and opaque dentins

b) Colouring b* for
dentins and
opaque dentins

In order to adjust the degree of adhesion between

the different metals and the ceramics CARMEN®

to an optimum, two different opaque masses have

been developed, one for precious alloys, one for

non-precious alloys (f. ex. 44 MPa for the connec-

tion between the Estheticor Prestige alloy of 

Cendres & Métaux with CARMEN® and opaque

paste (fig. 15)). 

This test can show the influence of oxide 

layers or the various expansion coefficients of the

two connected materials to the adhesive beha-

viour (of physical, mechanical or chemical natu-

re). 

dentin

opaque
dentin

dentin

opaque
dentin

dentin

opaque
dentin



Fig. 18 
A piece of the opalescent
glass made of CARMEN®

material. (The bluish colour
in the reflected light as well
as the 
orange colouring in the
diffusing light are clearly
visible).

Fluorescence:

The fluorescence of the ceramic masses (reflec-

tion of visible light after illumination with UV-

light) (fig. 17) has been adapted to the saturation

of each respective colour shade in order to 

guarantee the uniformity of the product line. The

effect of natural fluorescence has been achieved

without adding radioactive uranium oxide.

Opalescence:

The properties of opalescence have been taken in-

to consideration already during the production of

the raw glass in order to keep a greater vitality for

the prosthetic reconstruction (fig. 18). The opale-

scent material appears bluish in reflected light

and orange in transparent light. Due to the deve-

lopment of opalescence for the incisal masses it is

no problem to imitate effects of depth as well as

opalescent effects.

The CARMEN® ceramics has been developed with

the necessary scientific exactness to reach the hig-

hest quality level. It unites today aesthetics as well

as the physico-chemical behaviour which are im-

perative for the wellness of the patient.
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Fig. 17 - Fluorescence of the CARMEN® material in comparison with a 
non-fluorescent material.
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