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ABSTRACT KEYWORDS
The dimensional variation of the different materialsincluded inthe ceramic- Ceramic-metallic
metallic dental prostheses is of a great importance since manufacturing prostheses;
them involves several heating phases until rather high temperatures are Dental aloys;
reached (near 1000°C) and subsequent cooling phases down to room Thermal expansion;
temperature, for heat-treating porcelain to achieve the required properties Thermal cycling.

and aspects without damaging it because of too great difference of thermal
expansion behaviour with the internal strengthening metallic framework.
The present work consistsin studying the thermal expansion and retraction
behaviours of eight parent alloys the thermal dimensiona variations of
which are the one of the whole framework since they represent almost its
wholelength. Thiswas 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 itschemical composition. A rather good agreement was additionally found
between the measured values and the ones of the manufacturer.
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INTRODUCTION ing benefit of both theintrinsic high resistanceand the

highductility of metdlicaloys. Thisalowsthemendur-

Insomecasesmetdlicframeworksareinsertedin  ingsuch highintensity of cyclic compression and flex-
dental prosthesesin order to strengthenthemagainst  ure over very long times, more precisely at least ten
the mechanicd solicitationsinduced by chewing, by tek-  yearsgeneraly. Themain metallic material presentin
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theframework isaparent alloy, moreor lessnoblede-
pending onitscontentsindementssuch asgold or plati-
num or in contrast as nickel and chromium, which rep-
resentsthe greatest part of the framework, the other
alloysalso present being ssmply thin sol der jointg*2,
The assemblageredlized by using these solder aloys
either before (pre-soldering) or after (post-soldering)
the ceramic (or porcdain) covering (theartificia denti-
tion) alowsthecorrection of thedistortion of theframe-
work which may occur during thefoundry step of dabo-
ration¥, theimprovement of the seating accuracy™™ and
the correction of theteeth’s movement possibly occur-
ring beforethe prosthesi s cementation®®.

After thedepodt of ceramic over themetdlicframe-
work the prostheses are subj ected to heat-trestmentsin
five steps, each of them being characterized by ahesting
up to about 900°C in the case of some Ivoclar-Vivadent
aloys. Suchtemperatureevol ution necessarily induces
dimensiona changeswhich may benot compatiblewith
theown dimensiona changesof theceramic cover, with
as possi ble consequencesal oss of adherence between
theframework andtheartificid teeth, and evenloca rup-
turesof theceramic covering themetalicframework, the
moreintensetherma expandon (respectivey retraction)
of which subjectsthefragileporcelainintraction (resp.
compression). Thisisthereasonwhy thetherma expan-
son behavior of dental materialsdestined to ceramic-
metallic prostheses has been from severa decadesthe
purpose of many studies®®.

The subject of the present work isprecisdly to bet-
ter know thethermal expansion behavior of selected
dloysrepresentingthegreatest part of themetdlicframe-
work (the*“parent alloys™) and belonging to different
classesof nobility, not only for asingle heating-cooling
cyclebut for severa cyclesreproducing, with afidelity
high enough, thered thermd cyclesencountered by the
prosthesistowholly thermdly treet theporcdain. Inthis
fied (hightemperaturebehavior of framework’s alloys)
the present work comesthus compl eting arecent other
onewhich dedt with the characterization of themelting
ranges of thesameadlloys®.

EXPERIMENTAL DETAILS

Thestudied alloys
The alloys concerned by the present
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thermodilatometry study were supplied by thelvoclar-
Vivadent company. They wereremdted and investment
castinorder to obtain parall el epipeds of about 10mm
x 10mm X Imm. Investment casting was performed by
preparing resn modelswith aresininjectedinameta-
licmould (resin Patternfrom GC, Tokyo, Jgpan). These
patternsor model were coated (FugiVest [1 from GC)
to obtainthefina mouldsinwhichtheliquid aloy will
be poured. For thisfilling operation acasting machine
equipped withacentrifugal arm (Minicast from Uger)
wasused.

Fiveout of these alloysare named “High Noble”
s ncethey contain morethan 60 wt.% of gold, platinum
and/or palladium (cumulated content > 60wt.%): the
IPSdSIGN98 aloy (about 86Au-12Pt-2Zn inwt.%),
the IPSdSIGN91 one (about 60A u-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 (54A u-26Pd-16Ag-3Sn-2In). One out
of themisnamed “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 arenamed “‘Predominantly Base™ alloys since they
containlessthan 25wt.% of Au+Pt+Pd; moreprecisay
they areboth { nickel + chromium} -based: the4ALL
alloy (about 61Ni-26Cr-11M0-2Si, wt.%) and the Pi-
sces Plusone (about 62Ni-22Cr-11W-3Si-2A1, wt.%).
Moredetailed chemica compositionsfor thesedloys
wereaready giveninan earlier work™ inwhich the
microstructures of there-solidified dloysarealso de-
scribed.

Thethermodilatometry tests

After thedeposit of porcelain the prosthesesare
subjected to different successive heat-treatments. These
oneswerealready described in apreviouswork!® but
they can besummarized asfollows:

e Heat-treatment 1 (“opaque™)
temperatures/baking service: 900-403°C, heating
rate 80K/min, temperatures/vacuum: 450-899°C

e Heat-trestment 2 (“opaque wash”)
temperatures/baking service: 890-403°C, heating
rate 60K/min, temperatures/vacuum: 450-889°C

e Hesat-treatment 3 (“dentine )
temperatures/baking service: 870-403°C, heating
rate 60K/min, temperatures/vacuum: 450-869°C
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e Heat-treatment 4 (“dentine I1”)
temperatures/baking service: 870-403°C, heating
rate 60K/min, temperatures/vacuum: 450-869°C

e Heat-trestment 5 (“glazing™)
temperatures/baking service: 830-403°C, heating
rate 60K/min, temperatures/vacuum: 450-869°C
with, for al of the previoustreatments, astage du-
ration of oneminute.

To simulate the preceding thermal cycles the
dilatometry runswhich weredone onthesamplesusing
aSetaram TMA 92-16.18 device, were:

- Cyclel: heating from room temperature (20°C) up
to 900°C at 20K/min, stage at 900°C during 1
minute, cooling a -20K/mindown to 20°C, stage
at 20°C during 10 minutes,

- Cycle2: heating from 20°C up to 890°C at 20K/
min, stage during 1 minute, cooling at -20K/min
downto 20°C and stage during 10 minutes at this
temperature,

- Cycle3: heating from 20°C up to 870°C at 20K/
min, stage at 870°C during 1 minute, cooling at -
20K/min, stageat 20°C during 10 minutes,

- Cycde4:identical tocycle3

- Cyce5: heating from 20°C up to 830°C at 20K/
min, stage at 870°C during 1 minute, cooling at -
20K/min, stageat 20°C during 10 minutes.

Some parametersaredifferent from theonesof the
heet-treatmentsreally applied in practice (notably the
heating and cooling rates, lower for theexperiment than
for thered conditions). Thisisinorder to usethethermo-
dilatometer in good conditions.

RESULTSAND DISCUSSION

The dilatometry curves plotted as defor mation
versustime

Theresultsobtained for thefivecyclesfor theeight
aloys are presented in the { deformation = f(time)}
schemein Figure 1 for three of theHigh Nobleadloys
(AquariusHard, dSIGN91 and dSIGN98), in Figure
2 for thetwo other High Noble alloys (L odestar and
W) together with thesingle Noblealloy of thisstudy
(dSIGN59), andin Figure 3for thetwo Predominantly
Baseadloys(4ALL and PiscesPlus).

It appearsthat the cooling leads, during the first
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cycle, to alossof thicknessfor the samplemuchim-
portant than thethi cknessgain duringthe hegting. This
isreproduced too for the subsequent cyclesbut with
each timealower negative deformation. The behaviour
of thedSIGN91 alloy istotally different sincethere-
turnto room temperaturealowsfor thesamplethere-
coveringof itsinitia thickness, thisfor each of thefive
cycles. ThedSIGN98 alloy behaves similarly to the
AquariusHard one, but with ad ower loss of thickness

per cycle.

7 Aquarius Hard
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Figurel: Thecumulated fivesuccessive{heating-cooling}
thermodilatometric cyclesrepresented asdimensional de-
formation versustimefor three of the High Noble alloys.
(top: AquariusHard, middle: dSIGN91, bottom: dSI GN98).

Concerning thetwo other High Noble alloysthe
phenomenonisfound again but withintermediate nega:
tivedeformation, asisto say higher thanfor the previ-
ousdSIGN91 alloy but lower thanfor Aquarius hard
and smilar todSIGN98. ThesingleNobledloy of this
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study, dSIGN59, loses more thickness per cyclethan
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Lodestar, W and dSIGN59 dloys, andin Figure 6 for

thetwo previousHigh Noblealloys, but lessthanthe the4ALL and PiscesPlusalloys.

previousAquariusHard dloy.
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Figure2: Thecumulated five successive{heating-cooling}
thermodilatometric cyclesrepresented asdimensional de-
formation versustimefor thetwo other high noblealloys.
(top: Lodegtar, middle: W) and theNoblealloy dSIGN59 (bot-
tom).

In contrast with many of the High Nobleand Noble
aloysof thisstudy the two Predominantly Basedloys
did not losesignificant thicknessduring thefivecycles
and then they appeared as particul arly stable dimen-
sondly.

The dilatometry curves plotted as defor mation
versustemperature

Thedilatometry resultsfor thesameeight dloyscan
bed so presented inthe{ deformation = f(temperature)}
scheme. Thisisdonein Figure4 for theAquariusHard,
dSIGN91 and dSIGN98 alloys, in Figure 5 for the
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Figure3: Thecumulated fivesuccessive{heating-cooling}
thermodilatometric cyclesrepresented asdimensional de-
formation ver sustimefor thetwo Predominantly basealloys.
(top: 4ALL, bottom: PiscesPlus).

Concerning thethreefirst alloys one can seethat
theAquariusHard aloy presentsarather wide hys-
teresisfor thefirst cycle, aswell asfor the second
cycle, whilethe subsequent cycleshavetheir heating
and cooling parts closer to one another. A conse-
guence of that isasignificant resdual negativedefor-
mation of the sample at the end of thewhol e experi-
ment. In contrast, the dSIGN91 alloy has obviously
the heating curve and the cooling curve superposed
for al thefivecycles, withthusno residua deforma-
tion after thewholetest. The dSIGN98 shows here
too abehaviour intermediate between thetwo previ-
OUSONes.

Similar behaviourswereencountered for the Lode-
gar dloy (smal hysteresis, only for thefirst cycle), the
W dloy (hysteresismore pronounced, for thefirst cycle)
and for the Noble dSIGN59 alloy (especially for the
first cyclebut also for the subsequent ones).

In contrast the two Predominantly Base alloys
present amuch better reproducibility of the heating
parts and of the cooling parts of their curvesfor all
cycles, with no or rather small residual negative de-
formation.
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Figure4: Thecumulated five successive{heating-cooling}
thermodilatometric cyclesrepresented asdimensional de-
formation versustemperaturefor three of the high noble
alloys. (top: Aquarius Hard, middle: dSIGN91, bottom:
dSIGN98).
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Figure5: Thecumulated five successive{heating-cooling}
thermodilatometric cyclesrepresented asdimensional de-
formation ver sustemperaturefor thetwo other High Noble
alloys. (top: Lodestar, middle: W) and the Noble alloy
dSIGN59 (bottom).

Thethermal expansion coefficients

Thedilatometry resultsobtained for each dloy were
exploited in order to determine an averagevaue of two
therma expandg on/retraction coefficientsper alloy and
per cycle, onefor the heating part and onefor the cool -
ing part. Thefivethermal expansion coefficients ob-
tained for each aloy during theheating are presentedin
TABLE 1 and thefivethermal retraction coefficients
during the cooling for each alloy again are givenin
TABLE 2.

One can seethat, if in some casesthethermal ex-
pans on coefficient becomes stabilized after oneor two
cycles(e.g. dASIGN98 and dSIGN91 for heating and
cooling, Lodestar for heating only...) thiscoefficient re-
mainsvariableall alongthefivecycles(e.g. Aquarius
Hard and W at heating...). In addition there are also
dloysthetherma expans on coefficientsof which con-
tinuoudy decrease cycleafter cycle, asitisthe casefor
the two Predominantly Base alloys (Pisces Plusand

Wateriolsy Science  mm——
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4ALL) inthe heating phase.

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

x10%c?

Heating1 Heating2 Heating3 Heating4  Heating 5
dSIGN98 14.29 13.77 14.04 13.99 14,0
Ag. Hard 13.95 14.97 14.17 14.67 14.27
dSIGNS1 15.51 158 15.10 1531 14.87
Lodestar 13.48 13.05 13.06 asak 13.18
w 14.18 14.57 14.87 14.19 14.49
dSIGN59 10.65 14.44 13.81 14.22 14.15

15.63
15.78

15.30
1541

15.16
15.19

15.20
T |

14.92
149

Pisces +
4ALL

TABLE 2: Thesuccessiveaver agether mal expansion coeffi-
cientsdeter mined on the cooling partsof thefivedilatometry
curvesof each alloy.

x10°°C' cooling1  Cooling2  Cooling3  Conlingd  Conling
dSIGN98 15.13 14.98 15.03 14.88 14.91
Aq. Hard 14.61 14.02 14.00 13.56 12.68
dSIGN91 14.72 14.60 14.33 14.32 14.18
Lodestar 13.83 14.12 14.07 13.72 13.52
W 14.53 14.92 14.44 14.72 14.72
dSIGN59 14.37 14.93 14.79 14.41 14.38
Pisces + 15.53 15.42 15.63 15.44 15.24
4ALL 15.02 15715 15.26 15.03 14.99

By considering, for agivendloy, theaveragevaue
of thefive heating and of thefive cooling thermal ex-
pans on/retraction coefficients, it gppearsthat the Lode-
gar aloy istheonewhich dimensondly variestheleast
(low coefficientsfor heating and also for cooling: less
than 14 x 10¢ K1) and that the two Predominantly
Base alloys are the ones which vary the most (more
than 15 x 108 K1).

General commentaries

First thedilatometry results obtained present dif-
ferent behaviours. If in al cases there are never
discontinuitiesduring thermal expansion or retraction
(suchasitmay occur in caseof crystalographic change),
thereisadecreasein room temperaturethickness after
onecycleor two. Thismay beattributed to apossible
lack of mechanical resistance of the concerned dloys
when temperature hasbecomerather high, leadingtoa
visco-plastic compressive deformation under the small
load (10qg) applied by the thermo-dilatometer (or in-
trinsicaly by the microstructureitself asthiswas seen
previoudy for metdlic aloyscontaining carbideswith
fractionshigh enough™'2), Thispossibility wasthere-
after further investigated and it appearsthat it seems
existing acorrelation between the temperature of fu-
sonstart of thealoys (determinedinapreviouswork!®)
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andthelossof thicknessafter thefirst oneor two cycles.
Indeed theroom temperature thickness of the{low fu-
sion start temperature: 1031°C} -alloy Aquarius Hard
was significantly reduced after thefirst cycles, theone
of the{ dightly higher fuson gart temperature: 1036°C} -
dSIGN98 waslessreduced, and the onesof the{ high
fusion start temperature} -alloys dSIGN91 (1094°C)
and Lodestar (1132°C), and of the {very high fusion
start temperatures} -aloys4ALL (1277°C) and Pisces
Plus(1278°C), were absolutely not changed after all
cycles. But therearetwo exceptions, the{ highfusion
start temperature} -alloysdSIGN59 (1174°C) and W
(1193°C) have known a significant thickness reduction
and asmall one, respectively. But thiscan beexplained
by thefact that thesetwo latter dloysare single-phased
whiledl theother contained two different phasesinther
microstructures®® (which may beasource of mechani-
ca resistance).

Second thereare obvioudly different valuesof the
averagetherma expans on coefficient among the stud-
ied alloys. It appearsthat thealloy’s family has a no-
ticeableimportance (e.g. thetwo Predominantly Base
alloysarethe oneswith thehigher values), asisto say
the chemica composition type, whichmay involveele-
mentswith rather high thermal expansion coefficients
(Ag, Ni,Au...) or other elementswith rather low ones
(Pd, Pt, Cr, Mo, W...) when these elements are pure
solidd**2, To further study a possible effect of the
chemical compositionit wasattempted to calculatea
kind of theoretica therma expang on coefficientsfrom
the ones of the main elementg*12, weighted by their
contents (re-cal culated by suppressing all minor ele-
ments). Theresultsare presented in TABLE 3whichis
dividedinthreeparts. It gpopearedinafirst timethat the
obtained va ueswerein good agreement withtheaver-
agevauesof thermd expans on/retraction coefficients
measured in thiswork, only for thefive High Noble
elements (top part). A first improvement was obtained
by suppressing theW, Mo and Ag elements (middie
part of TABLE 3), and the best correspondencefor dl
thealloyswas obtained by suppressing also Cr (bot-
tom part of TABLE 3).

Third the average thermal expansion coefficients
measured in thiswork were compared totheonesgiven
by themanufacturer (Figure7). It appearsthat thereis
often a good agreement between these sets of data,
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except for theW and dSIGN59 dloysfor which thereare significant mismatches, which remainto beexplained.

TABLE 3: Attempt of prevision of theaveragealloy’s thermal expansion coefficient from the chemical composition of the
alloy (main elementsonly) and thether mal expansion coefficient of these elementswhen pur e solids**4; (top part of the
table: all main elementstaken into account; middle part: W, Mo and Ag not taken into account despitethey are present;
bottom part: Cr, W, Mo, Agnot taken into account despitethey are present)

Au Pr Pd i cr W
x10%C' 153+ 97 12Er  157st BEst 458
dSIGHSE a6 12
Aq. Hard 86 9
dSIGNT1 &0 E il
Lodestar 52 E ]
W 54 25
dSIGH 59 58
Plsces + 62 2 11
AALL Bl 25
dSIGNSE 86 12
Aq. Hard BG ]
dSIGHS1 B0 kil
Lodestar 52 39
W 54 %
dSIGHES 55
Plsces + 62 2
AALL 61 26
dSIGNTE 86 12
Ag. Hard 86 a
dSIGNT1 &0 i1
Lodestar 52 39
W 54 2%
dSIGN 59 59
Plsces + B2 K
AALL Bl ®
* Ref. [13], 25-500°C *+. Ref, [13], 25-750°C
18
17 A
16
15 T 1
14 ~=u -#-20-600 C Fab
13 20600 C exp
-=-25-500 C Fab
12 —25-500 C exp
11
10 T r . :
D D N P QO o x N
&) S < 2 ] ) A
o e F & W
SHEE SRV SN

Figure7: Comparison between theaver agether mal expan-
sion coefficientsmeasur ed in thiswork (“exp”) with the ones
given by themanufacturer (“Fab”) for two temperature ranges
(25t0500°C) and (25 to 600°C).

CONCLUSON

The present study, by thermo-dilatometric experi-
mentsalmost reproducing thethermal cyclesknown 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
dimens ondly behavesdifferently depending ontheiden-
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tity of the parent dloy. Some of them know apossible
viscous-plastic deformati on seemingly dueto arather
low fusion start temperature and amicrostructureless
favorableto high mechanical propertiesat high tem-
perature. Thisismaybeboth abad thing sincethismay
inducesdimengond ingtabilitiesand agood thing since
thestressesinduced for thefragileporcelain can below-
ered. Therea dimensional behavior must be anyway
better known than the soleindication of averagether-
mal coefficientswhich are, itistrue, of afirst great im-
portance for seeing the compatibility with the one of
theporcdain.
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