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KEYWORDSABSTRACT

The dimensional variation of the different materials included in the ceramic-
metallic dental prostheses is of a great importance since manufacturing
them involves several heating phases until rather high temperatures are
reached (near 1000°C) and subsequent cooling phases down to room

temperature, for heat-treating porcelain to achieve the required properties
and aspects without damaging it because of too great difference of thermal
expansion behaviour with the internal strengthening metallic framework.
The present work consists in studying the thermal expansion and retraction
behaviours of eight parent alloys the thermal dimensional variations of
which are the one of the whole framework since they represent almost its
whole length. This was done by reproducing the temperature cycling known
by real prostheses after porcelain covering. It appears that the dimensional
evolution can be different among the studied alloys since the thickness of
some of them decreases during the first thermal cycles while this never
occurs for other parent alloys. Further the average thermal expansion and
retraction coefficients vary among the different classes of nobility of the
alloys as well as between the alloys of a same nobility class. An attempt
was done for establishing an empiric correspondence between the thermal
expansion coefficient of each parent alloy and the one of the main elements
of its chemical composition. A rather good agreement was additionally found
between the measured values and the ones of the manufacturer.
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INTRODUCTION

In some cases metallic frameworks are inserted in
dental prostheses in order to strengthen them against
the mechanical solicitations induced by chewing, by tak-

ing benefit of both the intrinsic high resistance and the
high ductility of metallic alloys. This allows them endur-
ing such high intensity of cyclic compression and flex-
ure over very long times, more precisely at least ten
years generally. The main metallic material present in
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the framework is a parent alloy, more or less noble de-
pending on its contents in elements such as gold or plati-
num or in contrast as nickel and chromium, which rep-
resents the greatest part of the framework, the other
alloys also present being simply thin solder joints[1,2].
The assemblage realized by using these solder alloys
either before (pre-soldering) or after (post-soldering)
the ceramic (or porcelain) covering (the artificial denti-
tion) allows the correction of the distortion of the frame-
work which may occur during the foundry step of elabo-
ration[3], the improvement of the seating accuracy[4] and
the correction of the teeth�s movement possibly occur-

ring before the prosthesis cementation[5].
After the deposit of ceramic over the metallic frame-

work the prostheses are subjected to heat-treatments in
five steps, each of them being characterized by a heating
up to about 900°C in the case of some Ivoclar-Vivadent

alloys. Such temperature evolution necessarily induces
dimensional changes which may be not compatible with
the own dimensional changes of the ceramic cover, with
as possible consequences a loss of adherence between
the framework and the artificial teeth, and even local rup-
tures of the ceramic covering the metallic framework, the
more intense thermal expansion (respectively retraction)
of which subjects the fragile porcelain in traction (resp.
compression). This is the reason why the thermal expan-
sion behavior of dental materials destined to ceramic-
metallic prostheses has been from several decades the
purpose of many studies[6-8].

The subject of the present work is precisely to bet-
ter know the thermal expansion behavior of selected
alloys representing the greatest part of the metallic frame-
work (the �parent alloys�) and belonging to different

classes of nobility, not only for a single heating-cooling
cycle but for several cycles reproducing, with a fidelity
high enough, the real thermal cycles encountered by the
prosthesis to wholly thermally treat the porcelain. In this
field (high temperature behavior of framework�s alloys)

the present work comes thus completing a recent other
one which dealt with the characterization of the melting
ranges of the same alloys[9].

EXPERIMENTAL DETAILS

The studied alloys

The alloys concerned by the present

thermodilatometry study were supplied by the Ivoclar-
Vivadent company. They were remelted and investment
cast in order to obtain parallelepipeds of about 10mm
× 10mm × 1mm. Investment casting was performed by

preparing resin models with a resin injected in a metal-
lic mould (resin Pattern from GC, Tokyo, Japan). These
patterns or model were coated (FugiVest II from GC)
to obtain the final moulds in which the liquid alloy will
be poured. For this filling operation a casting machine
equipped with a centrifugal arm (Minicast from Uger)
was used.

Five out of these alloys are named �High Noble�

since they contain more than 60 wt.% of gold, platinum
and/or palladium (cumulated content > 60wt.%): the
IPS dSIGN98 alloy (about 86Au-12Pt-2Zn in wt.%),
the IPS dSIGN91 one (about 60Au-31Pd-8In, wt.%),
the Aquarius Hard one (about 86Au-9Pt-3Pd-1In,
wt.%), the Lodestar one (52Au-39Pd-9In-2Ga, wt.%)
and the W one (54Au-26Pd-16Ag-3Sn-2In). One out
of them is named �Noble� alloy since it contains more

than 25wt.% Au and/or Pt and/or Pd: the dSIGN59
one (59Pd-28Ag-8Sn-3In-1Zn). To finish, two out of
them are named �Predominantly Base� alloys since they

contain less than 25wt.% of Au+Pt+Pd; more precisely
they are both {nickel + chromium}-based: the 4ALL
alloy (about 61Ni-26Cr-11Mo-2Si, wt.%) and the Pi-
sces Plus one (about 62Ni-22Cr-11W-3Si-2Al, wt.%).
More detailed chemical compositions for these alloys
were already given in an earlier work[10] in which the
microstructures of the re-solidified alloys are also de-
scribed.

The thermodilatometry tests

After the deposit of porcelain the prostheses are
subjected to different successive heat-treatments. These
ones were already described in a previous work[10] but
they can be summarized as follows:
 Heat-treatment 1 (�opaque�)

temperatures/baking service: 900-403°C, heating

rate 80K/min, temperatures/vacuum: 450-899°C

 Heat-treatment 2 (�opaque wash�)

temperatures/baking service: 890-403°C, heating

rate 60K/min, temperatures/vacuum: 450-889°C

 Heat-treatment 3 (�dentine I�)

temperatures/baking service: 870-403°C, heating

rate 60K/min, temperatures/vacuum: 450-869°C
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 Heat-treatment 4 (�dentine II�)

temperatures/baking service: 870-403°C, heating

rate 60K/min, temperatures/vacuum: 450-869°C

 Heat-treatment 5 (�glazing�)

temperatures/baking service: 830-403°C, heating

rate 60K/min, temperatures/vacuum: 450-869°C

with, for all of the previous treatments, a stage du-
ration of one minute.
To simulate the preceding thermal cycles the

dilatometry runs which were done on the samples using
a Setaram TMA 92-16.18 device, were:
- Cycle 1: heating from room temperature (20°C) up

to 900°C at 20K/min, stage at 900°C during 1

minute, cooling at -20K/min down to 20°C, stage

at 20°C during 10 minutes,

- Cycle 2: heating from 20°C up to 890°C at 20K/

min, stage during 1 minute, cooling at -20K/min
down to 20°C and stage during 10 minutes at this

temperature,
- Cycle 3: heating from 20°C up to 870°C at 20K/

min, stage at 870°C during 1 minute, cooling at -

20K/min, stage at 20°C during 10 minutes,

- Cycle 4: identical to cycle 3
- Cycle 5: heating from 20°C up to 830°C at 20K/

min, stage at 870°C during 1 minute, cooling at -

20K/min, stage at 20°C during 10 minutes.

Some parameters are different from the ones of the
heat-treatments really applied in practice (notably the
heating and cooling rates, lower for the experiment than
for the real conditions). This is in order to use the thermo-
dilatometer in good conditions.

RESULTS AND DISCUSSION

The dilatometry curves plotted as deformation
versus time

The results obtained for the five cycles for the eight
alloys are presented in the {deformation = f(time)}
scheme in Figure 1 for three of the High Noble alloys
(Aquarius Hard, dSIGN91 and dSIGN98), in Figure
2 for the two other High Noble alloys (Lodestar and
W) together with the single Noble alloy of this study
(dSIGN59), and in Figure 3 for the two Predominantly
Base alloys (4ALL and Pisces Plus).

It appears that the cooling leads, during the first

cycle, to a loss of thickness for the sample much im-
portant than the thickness gain during the heating. This
is reproduced too for the subsequent cycles but with
each time a lower negative deformation. The behaviour
of the dSIGN91 alloy is totally different since the re-
turn to room temperature allows for the sample the re-
covering of its initial thickness, this for each of the five
cycles. The dSIGN98 alloy behaves similarly to the
Aquarius Hard one, but with a slower loss of thickness
per cycle.

Figure 1 : The cumulated five successive {heating-cooling}
thermodilatometric cycles represented as dimensional de-
formation versus time for three of the High Noble alloys.
(top: Aquarius Hard, middle: dSIGN91, bottom: dSIGN98).

Concerning the two other High Noble alloys the
phenomenon is found again but with intermediate nega-
tive deformation, as is to say higher than for the previ-
ous dSIGN91 alloy but lower than for Aquarius hard
and similar to dSIGN98. The single Noble alloy of this
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study, dSIGN59, loses more thickness per cycle than
the two previous High Noble alloys, but less than the
previous Aquarius Hard alloy.

Lodestar, W and dSIGN59 alloys, and in Figure 6 for
the 4ALL and Pisces Plus alloys.

Figure 2 : The cumulated five successive {heating-cooling}
thermodilatometric cycles represented as dimensional de-
formation versus time for the two other high noble alloys.
(top: Lodestar, middle: W) and the Noble alloy dSIGN59 (bot-
tom).

In contrast with many of the High Noble and Noble
alloys of this study the two Predominantly Base alloys
did not lose significant thickness during the five cycles
and then they appeared as particularly stable dimen-
sionally.

The dilatometry curves plotted as deformation
versus temperature

The dilatometry results for the same eight alloys can
be also presented in the {deformation = f(temperature)}
scheme. This is done in Figure 4 for the Aquarius Hard,
dSIGN91 and dSIGN98 alloys, in Figure 5 for the

Figure 3 : The cumulated five successive {heating-cooling}
thermodilatometric cycles represented as dimensional de-
formation versus time for the two Predominantly base alloys.
(top: 4ALL, bottom: Pisces Plus).

Concerning the three first alloys one can see that
the Aquarius Hard alloy presents a rather wide hys-
teresis for the first cycle, as well as for the second
cycle, while the subsequent cycles have their heating
and cooling parts closer to one another. A conse-
quence of that is a significant residual negative defor-
mation of the sample at the end of the whole experi-
ment. In contrast, the dSIGN91 alloy has obviously
the heating curve and the cooling curve superposed
for all the five cycles, with thus no residual deforma-
tion after the whole test. The dSIGN98 shows here
too a behaviour intermediate between the two previ-
ous ones.

Similar behaviours were encountered for the Lode-
star alloy (small hysteresis, only for the first cycle), the
W alloy (hysteresis more pronounced, for the first cycle)
and for the Noble dSIGN59 alloy (especially for the
first cycle but also for the subsequent ones).

In contrast the two Predominantly Base alloys
present a much better reproducibility of the heating
parts and of the cooling parts of their curves for all
cycles, with no or rather small residual negative de-
formation.
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The thermal expansion coefficients

The dilatometry results obtained for each alloy were
exploited in order to determine an average value of two
thermal expansion/retraction coefficients per alloy and
per cycle, one for the heating part and one for the cool-
ing part. The five thermal expansion coefficients ob-
tained for each alloy during the heating are presented in
TABLE 1 and the five thermal retraction coefficients
during the cooling for each alloy again are given in
TABLE 2.

One can see that, if in some cases the thermal ex-
pansion coefficient becomes stabilized after one or two
cycles (e.g. dSIGN98 and dSIGN91 for heating and
cooling, Lodestar for heating only...) this coefficient re-
mains variable all along the five cycles (e.g. Aquarius
Hard and W at heating...). In addition there are also
alloys the thermal expansion coefficients of which con-
tinuously decrease cycle after cycle, as it is the case for
the two Predominantly Base alloys (Pisces Plus and

Figure 4 : The cumulated five successive {heating-cooling}
thermodilatometric cycles represented as dimensional de-
formation versus temperature for three of the high noble
alloys. (top: Aquarius Hard, middle: dSIGN91, bottom:
dSIGN98).

Figure 5 : The cumulated five successive {heating-cooling}
thermodilatometric cycles represented as dimensional de-
formation versus temperature for the two other High Noble
alloys. (top: Lodestar, middle: W) and the Noble alloy
dSIGN59 (bottom).

Figure 6 : The cumulated five successive {heating-cooling}
thermodilatometric cycles represented as dimensional de-
formation versus temperature for the two Predominantly base
alloys. (top: 4ALL, bottom: Pisces Plus).
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4ALL) in the heating phase. and the loss of thickness after the first one or two cycles.
Indeed the room temperature thickness of the {low fu-
sion start temperature: 1031°C}-alloy Aquarius Hard

was significantly reduced after the first cycles, the one
of the {slightly higher fusion start temperature: 1036°C}-

dSIGN98 was less reduced, and the ones of the {high
fusion start temperature}-alloys dSIGN91 (1094°C)

and Lodestar (1132°C), and of the {very high fusion

start temperatures}-alloys 4ALL (1277°C) and Pisces

Plus (1278°C), were absolutely not changed after all

cycles. But there are two exceptions, the {high fusion
start temperature}-alloys dSIGN59 (1174°C) and W

(1193°C) have known a significant thickness reduction

and a small one, respectively. But this can be explained
by the fact that these two latter alloys are single-phased
while all the other contained two different phases in their
microstructures[10] (which may be a source of mechani-
cal resistance).

Second there are obviously different values of the
average thermal expansion coefficient among the stud-
ied alloys. It appears that the alloy�s family has a no-

ticeable importance (e.g. the two Predominantly Base
alloys are the ones with the higher values), as is to say
the chemical composition type, which may involve ele-
ments with rather high thermal expansion coefficients
(Ag, Ni, Au...) or other elements with rather low ones
(Pd, Pt, Cr, Mo, W...) when these elements are pure
solids[11,12]. To further study a possible effect of the
chemical composition it was attempted to calculate a
kind of theoretical thermal expansion coefficients from
the ones of the main elements[11,12], weighted by their
contents (re-calculated by suppressing all minor ele-
ments). The results are presented in TABLE 3 which is
divided in three parts. It appeared in a first time that the
obtained values were in good agreement with the aver-
age values of thermal expansion/retraction coefficients
measured in this work, only for the five High Noble
elements (top part). A first improvement was obtained
by suppressing the W, Mo and Ag elements (middle
part of TABLE 3), and the best correspondence for all
the alloys was obtained by suppressing also Cr (bot-
tom part of TABLE 3).

Third the average thermal expansion coefficients
measured in this work were compared to the ones given
by the manufacturer (Figure 7). It appears that there is
often a good agreement between these sets of data,

TABLE 1 : The successive average thermal expansion
coefficients determined on the heating parts of the five
dilatometry curves of each alloy.

TABLE 2 : The successive average thermal expansion coeffi-
cients determined on the cooling parts of the five dilatometry
curves of each alloy.

By considering, for a given alloy, the average value
of the five heating and of the five cooling thermal ex-
pansion/retraction coefficients, it appears that the Lode-
star alloy is the one which dimensionally varies the least
(low coefficients for heating and also for cooling: less
than 14 × 10-6 K-1) and that the two Predominantly
Base alloys are the ones which vary the most (more
than 15 × 10-6 K-1).

General commentaries

First the dilatometry results obtained present dif-
ferent behaviours. If in all cases there are never
discontinuities during thermal expansion or retraction
(such as it may occur in case of crystallographic change),
there is a decrease in room temperature thickness after
one cycle or two. This may be attributed to a possible
lack of mechanical resistance of the concerned alloys
when temperature has become rather high, leading to a
visco-plastic compressive deformation under the small
load (10g) applied by the thermo-dilatometer (or in-
trinsically by the microstructure itself as this was seen
previously for metallic alloys containing carbides with
fractions high enough[11,12]). This possibility was there-
after further investigated and it appears that it seems
existing a correlation between the temperature of fu-
sion start of the alloys (determined in a previous work[9])
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except for the W and dSIGN59 alloys for which there are significant mismatches, which remain to be explained.

TABLE 3: Attempt of prevision of the average alloy�s thermal expansion coefficient from the chemical composition of the

alloy (main elements only) and the thermal expansion coefficient of these elements when pure solids[13,14]; (top part of the
table: all main elements taken into account; middle part: W, Mo and Ag not taken into account despite they are present;
bottom part: Cr, W, Mo, Ag not taken into account despite they are present)

Figure 7 : Comparison between the average thermal expan-
sion coefficients measured in this work (�exp�) with the ones

given by the manufacturer (�Fab�) for two temperature ranges

(25 to 500°C) and (25 to 600°C).

CONCLUSION

The present study, by thermo-dilatometric experi-
ments almost reproducing the thermal cycles known by
the prostheses during the different heat-treatments ap-
plied after deposit of the porcelain (the cosmetic part),
showed that the main part of the metallic framework
dimensionally behaves differently depending on the iden-

tity of the parent alloy. Some of them know a possible
viscous-plastic deformation seemingly due to a rather
low fusion start temperature and a microstructure less
favorable to high mechanical properties at high tem-
perature. This is maybe both a bad thing since this may
induces dimensional instabilities and a good thing since
the stresses induced for the fragile porcelain can be low-
ered. The real dimensional behavior must be anyway
better known than the sole indication of average ther-
mal coefficients which are, it is true, of a first great im-
portance for seeing the compatibility with the one of
the porcelain.
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