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ABSTRACT

KEYWORDS

The metallic frameworks strengthening prostheses are composed of
successive aloysjoined to one another and the temperature melting ranges
of which need to be known to well operate the foundry operation aswell as
the two types of soldering usually realized. Inthiswork eight parent aloys,
four pre-solder alloys and four post-solder alloys were subjected to
differential thermal analysisin order to know the real solidus and liquidus
temperatures. Some of the alloys obviously solidify in onetime (thesingle
—phased alloys and the alloys containing a major phase) and other in two
times (the bi-phased alloys with similar fractionsfor the two constituents).
Inall casesthetemperatures of fusion’s start and end, and the temperatures
of solidification’s start and end, were successfully determined. This led to
several refractoriness classes (post-solder < pre-solder < parent aloys), an
order in good agreement with the conditions of soldering needed all along
the prosthesis fabrication. A simple criterion based on the separation of the
contentsin elements more refractory than the base element and the contents
in elements lessrefractory than the base element, has been established for
the prevision of the solidus temperatures and of the liquidus temperatures
of the alloys based on gold and containing, with not too far contents, the
same elements as the alloys studied in this work.

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Dental alloys,
Refractoriness;
Differentia thermal
analysis;
Melting range.

Metdlicframeworksreinforcingfixed partia den-
turesare generdly fabricated by assembling successive
piecesof different aloys. Interm of quantity presentin
theframework the most important alloy iscalled “Par-
ent alloy” and the pieces made of this main alloy are

joined together using first apre-solder aloy, beforethe
redlization of the ceramic covering (theartificia teeth),
and second a post-solder alloy (to join together the
prosthesise ementsprevioudy redized)™?. Usingsuch
procedure alows correcting the framework’s distor-
tion during the foundry process?, improving the seat-
ing accuracy™ and correcting the movement of teeth
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which possibly occurs beforethe prosthesis cementa-
tionisperformed®. The mechanical resistance of the
metallic framework, which can be at theorigin of the
fallureof fixed partid dentureisinfluenced by theme-
chanicd propertiesof themaindloy presentintherein-
forcing metalicframework (the piecesof parent dloys),
but al so by the ones of the solder joint generally con-
sidered asthe weakest part of theframework(®”. This
isthereasonwhy themechanica behavior of thediffer-
ent solder joints are often subjects of investigations®
19 notably concerning the microstructures of both par-
ent aloy and of itssolder jointswhich are, aswell as
the defects possibly present, rather important for the
mechanicd resistanceof fixed partid dentures™3. After
placement of the prosthesisin mouth, other problems
may occur, such as corrosion of the not-entirely cov-
ered parts (post-solder joints, eventually parts of the
parent dloy) by thebuccal milieu (saliva, moreor less
aerated), which can a so be source of mechanical fail-
ureafter longtimes. Inthiswork it iswished to com-
pletefor severa selected parent, pre-solder and post-
solder dloys, earlier results obtained concerning both
microstructures, defects states and micro-hardness®¥,
themetdlurgica dataabout thesedifferentdloys, inthis
first part by measuring the melting range, which may be
of importancefor thejoining procedure and thereafter
for themetdlurgical hedlth of themetdlic assemblage.

EXPERIMENTAL DETAILS

Thestudied alloys

Eight parent alloyswere considered in thisstudy:
five“High Noble” ones rich in noble elements, a “Noble”
onedisplaying lower contentsin noble elementsand
two “Predominantly Base” ones based on nickel and
chromium (chemica compositionsgiveninTABLE 1).
Four pre-solder alloys and four post-solder alloys
(chemica compositionsgivenin TABLE 2) werea so
considered.

Theparent aloyswereredlized by investment cast-
ing: apaterninresnwasinjected inametallicmouldto
obtain themode swhich arethereafter used for giving
theinternal shapeof thefina mouldinwhichtheliquid
parent aloy will beinjected using acasting apparatus
equipped withacentrifugd arm (Minicast®, Uger) and
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agas-oxygen torch. If themain part of the solidified
alloy was used to meta l ographic purposeasmall part
was kept to bemachined, in order to obtain aparaldl-
epiped of about 2 x 2 x 3 mm? samplefor themelting
range measurements.

TABLE 1: Chemical compositionsof thestudied parent al-
loys (all contentsin wt.% ; manufacturer’s data).

HIGH NOBLE PARENT ALLOYS

dSIGN98 86 Au-12Pt-202Zn
AquariusHard 86 Au-85Pt-2.6Pd-141In
dSIGN91 60 Au-31Pd-1.0Ga-8.41In
Lodestar 52 Au-39Pd-15Ga-85In

W 54 Au-26 Pd-15In-16 Ag-25S
NOBLE PARENT ALLOY
dSIGN59 59Pd-28Ag-82Sn-27In-132Zn
PREDOMINANTLY BASE ALLOYS
61Ni-26Cr-11Mo-15S
62Ni-22Cr-11W-26Si - 23 Al

AALL
Pisces Plus

TABLE 2: Chemical compositionsof thestudied solder al-
loys(all contentsin wt.%; manufacturer’s data).

PRE-SOLDER ALLOYS

HGRKF 1015 Y (for dSGN98and Agquarius
hard)
SHFWC (for dSIGN91 and dSIGN59)

HFWC (for Lodegar and W) 45 Au-124Pd-415Ag-1In
Supersader (for Pisces Plus and4ALL) 535 Pd-7Ag-356Ni—3.8Sn
POST-SOLDER ALLOYS

.650 (for dSIGN9S) 65Au—13Ag-20Cu—2 Ga

.615 (for dSIGN91, dSI GN59 and 61Au-13Ag —17Cu-76
Lodestar) In

.585 (for Aquarius Hard) 59Au-16Ag-18 Qu -7Ga
LFWG (for W, PiscesPlusand 4ALL) 56 Au—27Ag —16 Zn

60Au— 36.5Ag
47 Au-103Pd-41Ag-141In

Thepre-solder and post-solder aloys (part of rib-
bon with dimensions 30 x 2 mm?) were meltedina
borax-vitrified crucible using abutane-oxygen blow-
torch. They solidified with the shape of half ball-like
ingots and amass of about 1 gram. Samples of about
the same shape and dimensions as above were then
obtained by cutting.

Thedifferential thermal analysisruns

TheDifferentid Therma Andyss(DTA) runswere
performed usngaTG/ATD 92-16.18 Setaram device,
in an atmosphere of pureArgon at apressureof 1 bar
and with agasflow of 2 litres per hour. The thermal
cyclesapplied wereal composed of afirst heating at +
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20°C/min from ambient temperature and this until reach-
ing 950°C, followed by a slower second heating at +
5°C/min until reaching 1450°C. The cooling was also
realized intwotimes, adow rate one (-5°C/min down
t0 950°C) and a faster rate one (-20°C/min) down to
ambient temperature.

RESULTSAND DISCUSSION

General shapeof theobtained DTA curves

The DTA resultsobtained can beclassified intwo
man categories.

- onecontaning thecurvesdisplaying seemingly only
oneendothermic and one exothermic phenomena,

- onecontaining the curvesfor which two endother-
mic and two exothermic phenomenaweredistin-
guished (examplesof the Supersolder pre-solder
alloy and the LFWG post-solder aloy).

Thetwo typesof DTA curves, plotted as{ thermal
flow} versus{temperature} arepresented for illustra-
tion of thefirst category (only one peak at heating as
well asat cooling) in Figure 1 (examples of thetwo
parent alloysdSIGN91 and W) and for illustration of
the second category (two peaks at heating aswell as
cooling) in Figure 2 (examplesof thetwo solder dloys:
Supersolder used for pre-ceramic solderingand LFWG
used for post-ceramic soldering).

By consultingthemicrographg™ illustratingthemi-
crogtructuresof thedloysthe DTA curvesof which con-
tain only oneendothermic peak inthe heating part and
oneexothermic peak inthe cooling part, it appearsthat
thesealloysaremost of them either single-phased al -
loys(e.g. W) or bi-phased alloyswithasmall fraction
of the second phase (e.g. dSIGN91). In contrast, the
aloyshavingled to DTA curves presenting two endot-
hermic peaksin the heating part and two exothermic
peaksinthe cooling part, aregenerally characterized
by the presence of two phasesor congtituentsin their
mi crostructureswith equiva ent volume or massfrac-
tions(at least fractions of thetwo phases/constituents
not so far from oneanother).

Médtingrangesand solidification ranges, compari-
sonswith themanufacturer’s data

All thetemperature val ues determined for the be-
ginning of fusion, theend of fusion, the beginning of

solidification and theend of solidification aredisplayed
inTABLE 3. Despitethat thereare severa exceptions,
it generally appearsthat thetemperature of fusion start
isdightly higher than the one of solidification’s end. In
thesameway each temperatureof fusion’s end is slightly
higher thanthe solidification’s start one. This usual dif-
ferenceisdueto thefact that the applied heating rate
and cooling ratewerenot infinitely [ow.

TABLE 3: Values of the limit temper atures of the fusion
ranges and of the solidification rangesfor all the studied
alloys; comparison with themanufacturer’s data.
‘ Liquidus

Startof temp.

solicif-  (manuf.’s
cation data)

Temperatures in °C Endot

fusion

dSIGNS8™ 1031 1055 1036 1212 1170 1170

Aqu. Harg=* 1016 1010 1031 1155 1135 1150
dsIGNS1 1090 1175 1094 1267 1305 1269
Parent Lodestar 1157 1215 1132 1301 1290 1315
alloys w 1146 1230 1193 1285 1280 1287
dSIGNS9 1152 1230 1174 1284 1310 1201
Pisces Plus** 1239 1255 1278 1253 1330 1352
4Al 1295 1260 1277 1316 1350 1352
Pro. HGPKF101SY 970 a7 a7 1041 1035 1041
solder SHAWC 1032 1045 1038 1088 1105 1113
T ewe 1045 1100 1084 1168 1165 1169
alloys ¢ e rsorder 1073 1085 1082 1178 1135 1194
Post. 6% m 785 782 8 835 863
615 640 60 692 779 775 785
solder oo 601 655 600 719 785 725
alloys  rye 663 670 660 79 730 734
87
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Figurel: Twoexamplesof DTA resultsdisplaying only one
peak at heating and onepeak at cooling (case of thetwo par-
ent alloysdSI GN91 and W); examplesof deter mination of
thetemperaturesof fusion start (e.g. 1193°C for W), fusion
end (e.g. 1287°C for W), solidification start (e.g. 1285°C for
W) and solidification end (e.g. 1146°C for W).
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Figure2: Twoexamplesof DTA resultsdisplaying two peaks
at heating and two peaksat cooling (case of thetwo solder
alloys Super solder (pre-solder) and LFWG (post-solder);
examplesof determination of thetemper aturesof fusion start
(e.g. 660°C for LFWG), fusion end (e.g. 734°C for LFWG),
solidification start (e.g. 799°C for LFWG) and solidification
end (e.g. 663°C for LFWG).

Globdly thedloyscan beclassfiedinthreegroups
corresponding totheir uses: the highest temperatures of
{solid<> liquid} transformationsfor theparent aloys,
theintermediate onesfor the pre-solder alloysand the
lowest onesfor the post-solder aloys.

Ingenerd thefusion’s start and solidification’s end
temperatures on one hand, and the fusion’s end and
solidification’s start temperature on the other hand, seem
beinginrather good agreement with the corresponding
values of the solidustemperature and of theliquidus
temperature given by the manufacturer, but there are
seemingly severad exceptions.

In order to compare moreefficiently thedifferent
values, measured by DTA and given by the manufac-
turer, graphsareplotted in Figure 3 for the parent a -
loys, Figure4for the pre-solder aloysand Figure5 for
the post-solder alloys. Onthese curvesit appearsthat
thefusion’s end and solidification’s start temperatures
red on the DTA curves well correspond to the
manufacturer’s liquidus temperatures (except for Pisces

—== Pyl Paper

Plus, Supersolder, .585 and maybe LFWG). Themis-
matchisgreater for thelower temperaturelimitsof the
melting and solidification rangesfor four of the parent
aloys (dSIGN91, Lodestar, W and dSIGN59), one
of the pre-solder alloys (HFWG) and maybe a so for
two of the post-solder alloys (.615 and .585).

General commentaries

Theresultsobtained by DTA arethusgloballyin
good accordance with the manufacturer’s data. The
measured temperaturesaswell asthe manufacturer’s
temperatures seem eva uating monotonously with the
nobility of thealloysand it can beinteresting to study
their variation versusthe cumulated contentsin selected
elements, for example by considering (TABLE 4) the
elementswith fusion temperatures|ower thanthe base
element’s one or in contrast the elements with fusion
temperatures higher than the base element’s one.

TABLE 4: Temperaturesof fusion (in °C) for the elements
present in theparent and solder alloys.
Au Pt Pd Ag In Ga
1063 1769 1552 961 156 30 232 420 1083
Ni Cr W Mo Ir Ru Ta Al S
1453 1875 3410 2610 2454 2500 2996 660 1410
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TABLE 3: Values of the limit temper atures of the fusion
ranges and of the solidification rangesfor all the studied
alloys, comparison with themanufactur er’s data.
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1200 -
Primary solder all

gold (Tf =1063°C) in which one finds elements with

1150 lower fusion temperatures (Ag, In, Ga, Sn, Zn...) as
1100 well aselementswith higher fusion’s temperatures (Pt,
é oy Pd, Ir, Ru, Ta...). Thegraph presented in Figure 6 shows
. o 4 agenerd increase of thetwo temperaturesof fusion’s
I ~a=Tliq fabr. start and of fusion’s end (manufacturer’s data) for all
— —=Tds the alloysfor which the [wt.%(Pt+Pd+Ir+Ru+Ta) —
900 wt.%(Ag+IntGatSn+Zn)] / wt.%(Au+Cu) ratio is
e Dl GG Gekes higher than -0.5. The ratios lower than -0.5 are ob-
= Primary solder alloys tained for the pre-solder alloys HGPKF 1015 Y,
31150 SHFWC and HFWC, aswdll as for the post-solder
g 1100 alloy LFWG, whichall containalot of silver (27.4to
2 1050 41.5wt.%, manufacturer’s data).
E.J'ZLOOO ——TdF 1600 femperatures
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Figure4: Pre-solder alloys; top: temperaturesof fusion’s ¥ 4 Tliq fabr.
end (“TfF”) and of solidification’s start (“TdS”); bottom: 3 xx+800 # Tsolfabr
fusion’s start (“TdF”) and of solidification’s end (“Tf{S”); 2 o* —_—
comparison of thepreviousDTA resultswith thesolidusand
liquidustemper aturesgiven by themanufacturer. 1 &% 48 6% 38 e & ©3 GE GF O8
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Figure5: Post-solder alloys; top: temperaturesof fusion’s
end (“TfF”) and of solidification’s start (“TdS”); bottom:
fusion’s start (“TdF”) and of solidification’s end (“Tf{S”);
comparison of thepreviousDTA resultswith thesolidusand
liquidustemperaturesgiven by the manufacturer.

Thiscan beundertaken for all thealloysbased on

Wotoioly Science  mm—

[wt.%(Pt+Pd+Ir+Ru+Ta) - wt.%(Ag+In+Ga+Sn+Zn)] / wt.%(Au+Cu)
Figure6: (Meltingrangesprovided by themanufacturer)
Temper aturesof liquidusand of solidusver susthechemical
composition ratio (cumulated contentsin elementsmorere-
fractory than gold, subtracted by thecumulated content in
elementslessrefractory than gold, and divided by thecumu-
lated content in gold and copper (which haveboth almost the
samefusion temperature).

Thegraph presented in Figure 7 showsthe same
plotted resultsbut with theexperimenta results:

- temperaureof fuson’s start and of fusion’s end mea-
sured by DTA (doser tothered solidusand liquidus
temperatures by comparison to the corresponding
temperatures measured during the cooling and to
theaverage val uesbetween heating and cooling),

- andtheEnergy Dispersive Spectrometry (EDS) re-
sults obtained using a Scanning Electron Micro-
scope (SEM) for the alloys containing less than
20% of silvert4,

It appearsthat the evol ution hasbecomemuch more
monotonousthanin Figure6.

The parent alloys dSIGN59 (rich in palladium:
59%), Pisces Plus (62% Ni alloyed with essentially
chromium and tungsten) et 4ALL (61% Ni dloyedwith
essentially chromium and molybdenum), aswell asthe
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pre-solder dloy Supersolder (veryrichinpaladiumand
innickel: respectively 54% and 36%) are not based on
gold and cannot be presentinfigure 6 or figure7. One
can noticeonly that they arethe most refractory intheir
category hereprobably becauseof their higher paladium
and/or nickel contentswhich may leadto fusion’s start
andfusion’s end temperatures particularly high.

Temperatures
(°C)

TfF
A TdF

-0,4 -0,2 0 0,2 0,4 0,6
[wt.%(Pt+Pd+Ir+Ru+Ta) - wt.%(Ag+In+Ga+Sn+Zn)] / wt.%(Au+Cu)

Figure7: (Mdtingrangesmeasured by DTA) Temper atures
of liqguidusand of solidusver susthe chemical composition
ratio (cumulated contentsin elementsmorerefractory than
gold, subtracted by the cumulated content in elementsless
refractory than gold, and divided by thecumulated content in
gold and copper (which haveboth almost the same fusion
temperature).

CONCLUSION

Thevduesof thetemperaturesddimitingthefusion
rangesor solidification rangesof theeight parent dloys
andtheeight solder dloysconsidered hereareglobally
ingood agreement with themanufacturer’s data, and it
gppearsthat the corresponding metdlicframeworksare
composed of successivealoysof very different refrac-
toriness. The differences observed between the parent
alloysin genera, the pre-solder alloys and the post-
solder dloys(aswell asbetweenthethree sub-families
of parent aloys) can beexplained by considering ara
tio cal culated from the contentsin the most refractory
elements, thelessrefractory ones and the content in
base €l ement (added with another element withasimi-
lar fusion point), which may be considered asaglobal
criterion easy to used and rather efficient despitethat
thermodynamic moddisation should bemuch moreac-
curateand scientific.
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