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ABSTRACT KEYWORDS
Prosthesis frameworks are usually the assemblage of successive alloys. Fixed partial denture;
One of them can present amechanical weakness, e.g. dueto internal defects, Dental aloys;
which can cause an untimely rupture. The aim of this study is to perform Soldering;
metallographic investigations on several parent alloys and pre- and post- Microstructure;
soldersin order to reveal apossible heterogeneity of properties, aswell asto Diffusion;
number themetallurgical phenomenathat may |ocally weaken aframework in Hardness.

real situation. Eight parent alloys belonging to three different classes were
investment cast. Two pieces of a same parent alloy were soldered together
and the assemblage underwent a heat treatment. | nternal metallurgical health
and microstructure of both alloy and solder were studied and their micro-
hardness was measured. Internal defects were noticed in severa parent
alloys and solder joints, inside samples which reproduce real conditions of
use. The microstructures of all parent and solder alloys were characterized,
aswell astheinter-diffusion zone. The pre-soldering leadsto an inter-diffu-
sion which is more extended than for post-soldering, due to a higher solder-
ing temperature. The composition and the microstructure of the solder joint
are not changed in a main part of its thickness, and its microstructure re-
mains different from the parent aloy’s one.
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INTRODUCTION the mechanical resistance of the metallic framework

Sol dering, which poolswell-known meansto butt-
joint two metallic pieces®3, isnotably well usedtojoin
sectionsof conventiond fixed partid denture(Figurel).
Thisallowscorrecting thedistortion of theframework
during the casting process®, improving the seating ac-
curacy™ and correcting the movement of teeth occurred
beforethe prosthesis cementation™®. One of the major
causesof faillureinafixed partial dentureisrelatedto

Figurel: Exampleof soldering of two partsof themetallic
framework (parent alloy) for adental prosthesis
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TABLE 1. Chemical compositionsof thestudied parent alloys(in wt.% ; manufacturer’s data)

Elements Au Pt Pd Ag Ga In Re Ru Sn Zn Others
“High Noble” alloys (for which Au+Pt+Pd > 60wt.%) *
IPSASIGN98 85.9 121 - - <1.0 - 20 In<llr<lFe<lMn<lTa<l
IPSdSIGN91  60.0 - 30.6 1.0 84 <10 <10 -
AquariusHard 86.1 85 2.6 14 <1.0 Fe<1Li<1l Ta<1
Lodestar 51.5 - 38.5 - 15 85 <10 <10 -
w 54.0 264 155 15 <10 <10 25 Li<l
“Noble” alloy (containing Au+Pt+Pd) *
IPS dSIGN59 <1.0 592 279 27 <10 <10 82 1.3 Li<1l
Elements Ni Cr Mo Al Si wW Others
“Predominantly Base” alloys (containing less than 25wt.% Au+Pt+Pd)’
Pisces plus 61.5 22.0 23 2.6 11.2  Mischmetal<1
4all 61.4 25.7 11.0 <1 15 Mn<1

*: |dentalloy® norm
which supportsthevisibleexterna ceramic. Thisisno-

tably influenced by themechanica propertiesof thesol-
der joint which can be cons dered asbeing theweakest
part of the framework!®7. Thisexplainswhy the me-
chanical behavior of different solder jointswereevalu-
atedin previousstudies®¥, especialy to determinethe
influenceof structuredefects. The microstructure char-
acterizationsof theparent dloysand of their solder joints
areknown as being determinant meansfor the predic-
tion of the mechanical res stance of fixed partial pros-
thesed™12, In thiswork metallographi cinvestigations
of themicrostructures of several selected alloysand of
their corresponding pre-ceramic and post-ceramic sol-
ders, completed by micro-hardness measurements, are
performedin order toidentify thepossiblemetalurgica
characteristicswhich can thresten the good behavior of
afixed prosthesisusingthesedloysinitsframework.

EXPERIMENTAL

Thestudied alloys

Eight parent dloys(fiverichinnoblee ementsand
caled “High Noble”, one with lower contents in noble
elementsand called “Noble” and two (Ni,Cr)-based
dloyscdled “Predominantly Base”, in conform with the
Identalloy® norm) and their corresponding pre- and
post-solder aloys, wereinvestigated. TABLES 1-3,
indicate respectively the compositions of the parent al-
loys, the compositionsof the solders, and how the par-
ent alloy and the solder alloy must be associated to
each other asindicated by the manufacturer.

Theparent alloyswereredized by investment cast-
ing. A patternresnwasinjected inamachined metdlic

TABLE 2: Composdtionsof thestudied solder alloys(inwt.%;
manufacturer’s data)

Pre-solder Au Pd Ag In Ni Others
HGPKF 1015Y 600 365 <10 Pt<21lr<1
Sn<lZn<1
SHFWC 470 103 410 14 Ru<1
HFWC 450 124 415 10 Ru<1 Li<1
Super solder 535 7.0 35.6 Sn=3.8 Li<1
Post-solder Au Ag Cu Ga In Sn Zn
0.650 Gold Solder 65.0 13 19.6 2.0 - - <10
0.615FineSolder 613 131 174 7.6 <1.0
0.585 Finesolder 585 16.0 180 7.2 - - <10
LFWG 56.1 274 - - <10 <1.0 158

mold, in order to obtain the model swhich thereafter
alowed obtainingthefind moldinwhichtheliquid par-
ent aloy wasfinally injected using acasting machine
with acentrifugal arm (Minicast®, Uger) and agas-
oxygen torch. All sasmpleswerethen separated from
the cast-rod.

Prepar ation of the pre-ceramic solder samples

For each aloy, one sample of 10x10x1 mm?was
cut into two equal pieces (5x10x1 mm?) with adia-
mond blade with asl ow-speed precision saw (Isomet
5000, Buelher®). Each samplewasblasted with AL O,
powder 50 um (Blaster Harnish+Riethand duminapow-
der Windent conform to norm FEPA 42F-1984). The
soldering gap of 0.2mmi*3 was obtained by interposing
a0.2mmthick paper between thetwo sectioned pieces
whicharefirmly clamped with asticky wax, beforein-
vestment (Sodervest Quick GC). Paper and wax were
a so eliminated under athread of warm water. Invest-
ment was dehydrated a ambient temperatureand high
fusing bondal flux (Williams®) wasgpplied tothejoint.

The pre-ceramic soldering wasrealized for each
dloywithitscorresponding solder asindicatedinTABLE
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TABLE 3: Alloy-solder associationsaccor dingtothe manu-
facturer

Alloy Pre-solder Post-solder
IPSd.SIGN 98 HGPKF1015Y 0.585
IPSd.SIGN91  SHFWC 0.615
Aquarius hard HGPKF 1015 Y 0.650
Lodestar HFWC 0.615
W HFWC LFWG
IPSd.SIGN59  SHFWC 0.615
Pisces plus Super solder LFWG
4all Super solder LFWG

TABLE 4: Thethermal cycleswhich wereapplied (according
tolPSdSIGN, Ivoclar Vivadent®)

Alloys Oxidation

IPS d.SIGN 98 925°C/5 min/no vacuum
IPSd.SIGN 91 1010°C/5 min/under vacuum
Aquarius Hard 925°C/5 min/no vacuum
L odestar 1010°C/5 min/under vacuum
w 1010°C/5 minfunder vacuum
IPSd.SIGN 59 1010°C/10 min/no vacuum
Pisces Plus 1010°C/5 minfunder vacuum
4all 950°C/1 min/no vacuum

Ti/]zgt()f Temperatures Heating Stage Te(r\r;géalzﬁm)res

—————=——— rate durationo0———-—"—

treatment Baking Service Beginning End

1% opaque 900°C 403°C 80°C/min 1min 450°C  899°C
2™ opague 890°C 403°C 60°C/min 1min 450°C  889°C
Dentineland2 870°C 403°C 60°C/min 1min 450°C  869°C
Glazing 830°C 403°C 60°C/min 1min 450°C  869°C

3, with agas-oxygen torch (butane-oxygen) respecting
themanufacturer’s technical advices. The solder joints
were machined with adiamond separating disk, while
the excess of solder wasremoved in order to obtaina
smooth surface of sample. The soldered sampleswere
sandblasted with 50um aumina oxide and steam
cleaned. Thethermal cyclerequired for therespective
“oxidation” heat treatment of each alloy was done in a
ceramic oven (Programat X2, Ivoclar Vivadent®). All
thermal cycleswere realized according to the manu
facturer’s advices for IPS dSIGN® ceramic (Ivoclar
Vivadent®), asfollowing: “opaque wash”, “opaque”,
“dentine baking I”’, “dentine baking II”’, and “glazing”.
Thesethermal conditionsarereportedin TABLE 4.

Prepar ation of the post-ceramic solder samples

Thesamethermal cyclesasprevioudy describedin
TABLE 4 (oxidation, opague wash, opaque, dentine
bakel, dentinebakell, glazing), werereaized in ce-
ramic oven for two cast samplesof 5x10x1 mmiwhich
were destined to post-ceramic solder. Two individual
sampleswereblasted and invested aspreviously de-
scribed (Sodervest Quick, GC®) with asoldering gap

= Fyl] Peper

of 0.2mm gauged with acalibrated paper. Low-fusing
bondd flux (Williams®) wasagpplied tothejoint, apiece
of thecorresponding solder wasinserted in the solder-
Ing gap, and the post-ceramic solderingwasredizedin
the ceramic oven (Programat X 2 Ivoclar-Vivadent®)
in conform with the manufacturer’s advices for each
solder. The excessof solder waseliminated, samples
were sandbl asted and steam cleaned likethe pre-ce-
ramic solder samples.

Unfortunately the post-ceramic solderswere not
possiblefor thetwo Ni-Cr dloysin conventiona con-
ditionswith asol dering temperature matching with the
firing temperature of ceramic 50°C (122°F) under
830°C (1,526°F), and the glazing temperature of IPS
dSIGN® ceramic.

Preparation of samples and metallographic
analysis

All the prepared sampleswere cut into two parts
using aprecision saw (Isomet 5000, Buelher®) per-
pendicular to the solder joint. Thetwo partsof the cut
sol der were both maintained by atitanium support and
embeddedinaralditeresin (Escil®). Thesurfaceof in-
terest was prepared for metalographic anaysisby wet
abrasionwith SiC paper from grade 240to 1200. They
werethen polished with 1um diamond pastes. To pre-
vent any pollution the sampleswerefinally cleanedin
ethanol with ultrasoundsduring threeminutes.

The sampleswere observed using an optical mi-
croscope (Olympus® Vanox) and ascanning € ectron
microscope (SEM), in back scattered el ectronsmode
(BSE) for observing microstructures, and in secondary
electronsmode (SE) for gppreciatingthesurfacerdief.
A microprobe (model SX100, Cameca Instruments
Inc.) was used for wave ength dispersion spectrometry
(WDS) measurementsof chemical compositions, pin-
point measurementsfor identifying the phasesbel ong-
ingto analloy or asolder, or contents profilesthrough
theinterface between aparent aloy and asolder joint
for characterizing theinterdiffusion of thetwo dloys.

Vickersmicrohar dnessmeasur ements

Vickers micro hardness measurements were per-
formed on each parent all oys, each pre-solder joint and
each post-solder joint, using aReichert D32 apparatus
under aload of 32g. Threeindentations were done,
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leading to an average value and astandard deviation
vaue
RESULTSAND DISCUSSION

Inter nal metallurgical health of the parent alloys
and of their solder joints

Figure 2 presentstwo SEM micrographsreveding
two types of defectswhich can befound inthealloys
and solderswhich wererealized. TABLE 5 summa-
rizesal theinternd hedthy problemswhichweremetin
al parent dloysand solders. If someadlloysdid not con-
tainany interna defects, the other ones showed differ-
ent internal healthy problemsas micro-shrinkage de-
fects(dueto thealloy contraction during itssolidifica-
tion). These onesweremoreor lessnumerous, largeor
homogeneoudy dispersedin thewhol ethicknessof the
sample. Thedloysareneverthdessquite preserved from

TABLE 5: Internal metallurgical health of all alloysand of
their pre-solder (1) and post-solder (I1) joints

Igéfernal Internal defects  Internal defects
ects b .
Alloy inthe |nthe_ _ inthe po_st-solder
Pre-solder joint (1) _ alloys pre-solder joint jom
Post-solder joint (I1) Microshri  Mic. Mic.

nkage shrink. Porositiesshrink. Porosities

defects  defects defects

HN and N alloys
All. : IPSdSIGN98
(1): HGPKF 1015 Y M2 M2 P1 M1 P3
(11): .585 M1
All. : IPSdSIGN91
(1): SHFWC M2-3 M3 / M1 P2
(11): .615 M2
All. : Aqua. Hard
(1): HGPKF 1015 Y MO-1 M2 / MO-1 P3
(11): .650 /
All. : Lodestar
(): HFWC M1-2 MO-1 P1 MO-1 PO-1
(11): .615 /
All.: W
(1): HFWC M1-2 M1 / M2 P2
(I: LFWG !
All. : IPS dSIGN59
(): SHFWC MO-1 MO-1 / M2 /
(11): .615 /
PB alloys

All. : Pisces plus
(1): Super solder MO-1 M2 / *
(1): LFWG *
All. : 4ALL
(1): Super solder / M1 / *
(1N: LFWG *

Significations of the codes used above: (M0) M1, M2, M3: no
micro-shrinkage defects (/ or MO0), rare (1), numerous (2), very
numerous (3), PO, P1, P2, P3: no porosities (0), small (1), me-
dium size (2), enormous (3), *: post-soldering was impossible

porosities. Most of the pre-ceramic solders present
micro-shrinkage defectsbut novisible porosities.

Inversely, severd post-ceramic solderspresent very
big porosities, which could be sometimeslacks, asisto
say other casting defectsresulting from anot totally
achievedfilling of thegap beforethat solidification acts
and obstructsit. Otherwise, two post-ceramic solder
wereimpossibleto realize. Indeed, thetwo Predomi-
nantly Basealoys (PiscesPlusand4ALL, whichare
both (Ni, Cr)-based alloys), which could have been
brazed in high temperature by gas-oxygentorchwitha
primary (Pd, Ni)-based solder alloy (Super Solder®),
were unableto be brazed at |lower temperature (post-
ceramic solder inceramic oven) withan (Au, Ag)-based
aloy solder.

Microstructureof thealloys

Most of thealoysdisplay two distinct phases. In-
deed, seven ontheeight present amatrix and precipi-
tateswhich areeither clearer or darker than matrix when
observed with the SEM in BSE mode. Figure 3 pre-
sentsmicrographsof the parent alloysmicrostructures
and figure4 showsthe microstructures of the pre-and

Pre-zoldered 451G A1)
with HGPEF 1015Y (M2-P1)

olderad Aquanus Hard J0-13
with 850 (MI-1, P3)

Figure 2: Internal metallurgical defects in an alloy

(micro-shrinkagedefects, left hand), in apre-solder joint

(micro-shrinkage defects, left hand) and in a post-solder

joint (enormousporosity, right hand)

Post-s
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dSIGINGS

Pisces Plus L

dSIGND1

Scale valuable for all the eight
micrographs
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Agquarivs Hard

dSIGIN59

50pum
4ALL

Figure3: Microstructuresof all thealloys

TABLE 6: Chemical compositionsof thematrixesand the precipitatesobserved in several alloysand their pre-solder (1) and
post-solder (I1)joints(averagevaluesof 3to 5 pinpoint WDS micr opr obe analyses)

dSIGN98 Au Pt Zn In Ta Fe Mn Aquariushard Au Pt Pd In Ru Ta Fe others
Manufacturer’s Manufacturer’s
composition 859 121 2 <1 <1 <1 <1 composition 86.1 85 26 14 <1 <1 <1 /
Matrix(3 anal.) 79.2910.31 1.36 0.09 0.00 0.07 0.06 Matrix (5anal.) 86.39 4.64 2.281.440.06 0.00 0.52 0.33Ag
Precipitates Precipitates
(B andl) 0.00 81.48 2.08 0.0211.65 0.88 0.30 (3 anal.) 0.00 74.381.430.184.18 1549 216 0.11Ag

(1) GPKF1015Y Au Ag Pt Sn Zn others

(DHGPKF1015Y Au Ag Pt Sn Zn others

Manufacturer’s o) 355 51 <1 <1

Manufacturer’s oy 965 51 01 <1 1 1

composition composition
Matrix Matrix (3 anal.) 65.37 27.55 2.68 0.10 0.34 0.43Pd 0.12Fe 0.04Ru
(3and) 66.2523.00 4.29 0.05 0.78 0.16Cu0.02Fe0.09Mn (11):0650 Au Cu Ag Ga Zn others

(11): .585 : Au Cu Ag Ga Zn others Manufa_ct_urer S 65 196 13 2 <1/ / /
Manufacturer’s 585 18 16 7.2 <1 composition
composition ’ < < Matrix (3 anal.) 73.9311.87 8.70 1.30 0.15 1.00Pt 0.86Pd 0.561n

Matrix(3 anal.) 69.6811.0110.204.44 0.36 0.48Pt 0.08Sn 0.01Fe
dSIGN91 Au Pd In Ga Ru Re others others

Manufacturer’s - g ane5 84 1 <1 <1

composition

Matrix (3 anal.) 57.1326.25 8.56 1.130.01 0.00 8.56In 3.18Ag
Precipitates

(3andl) 48.2127.7011.582.120.06 0.00 0.08Cu

(1): SHFWC Au In_ Ru others

Manufacturer’s 47 41 103 14 <1

Ag Pd

composition

Matrix(3 anal.) 48.2941.68 0 0.350.010.08Ga0.07Cu0.01Ru
(1N: 0615 Au Ag Cu In Zn others

Manufacturer’s q1 3 131 174 76 <1 /| |

composition

Matrix(3 anal.) 59.4712.6810.798.320.08 0.38Ga0.02Re

post-ceramic solders, while TABLE 6 displays some
resultsof WDS analysis of matrix and precipitatesin
different typesof aloysand solders.

Four aloys(dSIGN 98, dSIGN91, AquariusHard
and Lodestar) present preci pitates darker than matrix,
because of the presence of higher contents of heavy
elementsin thematrix than inthese precipitates. For
instance, thetotal content of Au (resp. Au+Pt) ishigher
inmatrix thanin precipitatesinthedSIGN91 dloy (resp.
dSIGN98 and AquariusHard).

Inversely, precipitates are clearer than matrix for

e, P pterioly Science
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HGPKF 1015 Y (with the dSIGNOS alloy’

Super Solder (with the Pisces Plus alloy)

615 (with the dSIGNE1 allovy

630 (with the Aquarins Hard allo-

LFWG (with the W alloy)

Scale valuable for all the eight micrographs
Figure4: Microstructuresof thepre-solder (Ieft hand) and post-solder (right hand)joints

dSIGN59 and 4ALL, and arevery whitein Pisces Plus
sincethey contain tungstenin aNi-Cr matrix. For Pi-
scesPlus, adentritic structureisclearly visible, which
could berelated to a probabl e chemical segregation of
light lementsin theinterdendritic areasduring solidifi-
cation. Dendrites outlinesbeing diffuse, thesealoys
seem to contain no other phasein addition to the den-
dritic matrix and the clearly visible precipitates (which
arencticeably richintungsten). W dloy appearsasbeing
only single-phased.

Some solders are often single-phased (HGPKF
1015Y, SHFWC and 615) whileotherscontainasmal
fraction of precipitates (HFWC, .585 and .650). On

the contrary, Supersolder and LFWC areclearly com-
posed of two distinct phaseswith surfacefractionsthat
are of the same order of magnitude, especially Super
Solder.

Inter-diffusion areas

Figure5illustratestheinter-diffus on between sol -
der anddloys. Itsthicknessislogicaly moreimportant
for pre-soldersthan for post-solderswhich areachieved
at alower temperaturethan thefirst ones. However,
diffusonsareawayslocaized near the solder joint and
do not concernthewholelength of samples. From an-
other way, themajor thickness of the solder joint isnot

Woterioly Seience  mm—.
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Flgures Examplesof inter-diffuson zonesbetween alloy and pre-ceramic solder joint (lft) and between alloy and post-

ceramic solder joint (right)
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Figure6: Concentration WDSprofilesper formed acr osstheinter diffusion zone, for theAquariusHard and dSIGN91

alloysand their twotypesof solder

affected by diffusion of € ements comingfromthepar-
ent alloy. Figure 6 presents severa concentration pro-
filesperformed from themiddle of ajoint towardsthe
middle of the parent aloy (Aquarius Hard and
dSIGN91), whichdlowtovisudizetheinter-diffusion

length with abetter accuracy than microscope obser-
vations. For pre-ceramic solder, the zoneof inter-dif-
fusionisextended over about 50um but chemica com-
position variesclearly only on half of thisdistance. For
post-ceramic solder, thisdistanceisat |east two times

—— Pty Science
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lessimportant and adifference between aloy and joint
ismoreclearly seen.

Vickersmicro-hardnesstests

ThreeHv,, micro-hardnessmeasurementswere
performed on each parent alloy on theleft and onthe
right of thesolder joint, whilethreemeasurementswere
doneonthesolder joint itself (pre-solder or post-sol-
der). Theresults present agood reproducibility, except
for somesoldersinwhich porositieswereembarrassng.

TABLE 7 presentsthe obtai ned resultswhich show
that the hardness values are quite different between
parent alloys and their respective pre- and post-sol -
ders. Primary solders present about the same hardness
astheir parent dloysin haf of stuations, but aresignifi-
cantly lower for three couples. Inversely, secondary
solderswere harder thanthelr parent alloysfor three of
them and lower for only one. Thetwo Ni-Cr alloys
(PiscesPlusand 4ALL) and W present equivalent mi-
cro-hardnesswith their respective pre-solder dloys. W
presentsthe same hardnessvauefor parent dloysand
both pre-solder (HFWC) and post-solder (LFWG)
alloys. Thisguaranteesagood homogeneity of hard-
nessall aong of theframework of afixed partia den-
ture with the two types of solders. One can observe
than asamealloy or asame solder alloy may present
different hardnessresults depending on thetypeof as-
semblage (couple parent aloy-solder dloy).

General commentaries

Different partsof framework sampled for thisstudy
present internal defectsthat could beidentified asmi-
cro-shrinkage defects, very numerousin someof Situa
tions. Soldering two parts of parent alloy was some-
times delicate with in some cases the appearance of
defects as void spaces. They can be gas-defects or
lack of aimentation by liquid aloy. Such defectscan
decrease the mechanical resistance of the framework
which cannot bea ways detected and known sincethere
areinterna defectsthat only acut of the piececan re-
ved. Thisproblem of interna healthy of soldersisless
important when two noble alloysare soldered with a
nobl e soldering alloy or when aPredominantly Base
alloy (Ni-Cr) issoldered with aless noble soldering
aloy (Pd-Ni based).

Structural aspectsof thedifferent studiedaloysare
very variable. Someof them aresingle-phased and oth-

TABLE 7: Valuesof vicker smicro-har dness(32g) obtained
for thealloysand solder joints

Sampleswith pre-solder (1)

Samples with post-solder (I1)

Alloy Pre-solder Alloy Post-solder
dSIGN98 (1) HGPKF 1015Y dSIGN98(11) 0.585
186 +/- 13 51 +/- 10 145 +/- 7 164 +/- 11
dSIGN91 (1) SHFWC dSIGN91 (I1) .615
227 +/-5 127 +/- 23 218+/- 6 212 +/- 43
Aquarius hard (1) HGPKF 1015Y Aquarius hard(l1) 0.650
89 +/- 11 74 +/- 10 104 +/- 5 167 +/- 17
Lodestar (1) HFWC Lodestar (I1) .615
226 +/- 12 198 +/- 15 233+4/-7 170 +/- 25
W (1) HFWC W (I1) LFWG
161 +/- 12 155 +/- 12 165+/-7 166 +/- 22
dSIGN59 (1) SHFWC dSIGN59 (I1) .615
230 +/- 14 147 +/- 4 234 +/- 22 266 +/- 30
Pisces plus (I Super solder .
268 +p/ 135) 2%1 -4 Post-solder not realized
4ALL (I Super solder .
212 + /_(1)2 155 +/-30 Post-solder not realized

ers multi-phased. For thislast case, a second phase
can beintergranular (L odestar) or interdendritic (Pi-
sces Plus), under aspherical aspect with ahomoge-
neousrepartition (ASIGN 98), or both under aninter-
granular eutecticform and thin particlesdispersedin
the matrix (dSIGN 91), probably appeared by solid
State preci pitation. Thesoldering aloys can a so present
different structureswhich can be single-phased or multi-
phased. Theaverageatomic number of dementswithin
thedifferent phases all owsto discriminatethemwhen
observed with the scanning € ectron microscopein back-
scattered electrons mode.

Thermal cyclesfollowing or foregoing soldering
step, assoldering procedureitself, arealso different
depending on thetypesof aloy and of solder redized.
Thiscan lead to different microstructuresfor asame
composition of parent aloy or solder, and consequently
to different values of hardness (and even mechanicd
propertiesfrom agenera point of view).

The dSIGN98 alloy is harder whenin asample
with itspre-ceramic solder than with itspost-ceramic
solder. Thiscan beexplained by the presence of more
numerous gray blocky precipitatesin thefirst sample
compared to the second one. In other cases (dSIGN91,
AquariusHard, W, dSIGN59), the hardnessvauesare
quite equal between thetwo types of respective sol-
dering samples, sincethemicrogructuresareredly smi-
lar. The Lodestar aloy, which presentsaninter-granu-
lar gray phase clearly more important in the pre-ce-
ramic soldered sample, doesnot even present asignifi-
cant difference of hardnesswith the post-ceramic sol-
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dered sample. Pre-ceramic solder HGPKF 1015Y is
dightly harder whenit soldersAquariusHard dloysthan
when it solders dSIGN98, despite of thefact that its
microgtructureissimilar. Thepresence of micro-shrink-
agedefectsinthe SHFWC pre-solder joint of dSIGN91
instead of the inter-granular gray phase seen with
dSIGN5S9, leadsto adightly decreasein hardness. For
pre-solder HFWC and Super solder, itisfor thefirst
onethe presence of some precipitatesand for the sec-
ond oneadifferent repartition betweenintertwined gray
and white phases, that |eadsto ahigher hardnessfor
Lodestar and Pisces Plus samples compared to respec-
tively W and 4AL L samples. For the .615 post-sol der,
whichisused with threedifferent parent aloys(dSIGN
91, Lodestar and dSIGN 59), the hardnessvaluesare
rather different butitisdifficult toexplainthisby micro-
structureobservations.

Soldering and thermal cyclesimply inter-diffusion
which continuesduring thefollowingfiring. Thisleads
to diffuseborders (pre-ceramic solder) or moredelim-
ited borders (post-ceramic sol der). Theimportance of
diffusion areacan beeva uated by metall ographic study
sinceitisawayswell seen with SEM and by micro-
probe concentration profilesanaysis. If dloy trangtion
isclean-looking between parent dloy and post-ceramic
solder, itisnot too largefor pre-ceramic solder joint
andtheoriginad composition of solder dloy Htill existsin
all situationsbetween the two soldred pieces of parent
aloy soldered. Thus, theframework of afind fixed par-
tial denture can beasuccession of several distinct ma-
terials. parent dloy-pre-solder aloy-parent aloy-post-
solder dloy-parent dloy. Thisimpliesthat mechanica
characteristics could be not homogeneous along the
completeframework asit was seen for hardnessval-
ues. Thiscan concern a so otherspropertiesascorro-
sonresstancewith aspecificrisk of local deterioration
of framework by sdlivainoral conditionsby galvanic
corros on between solder and an e ement of parent a-
loy, for example.

CONCLUSIONS

The conception and redlization of aframework for
ceramic-metal fixed partia dentureimpliesalloysand
solderswhich can present different propertiesand be-
havior from both the metallurgica and themicrostruc-
ture points of view. The mechanical properties of a
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framework can be considerably affected during the ser-
vice-lifeof the prosthesis. Many other factorscan also
dramatically affect themechanical res stance of the ce-
ramic-metal prostheses, likelocal corrosion phenom-
enasincetheframework isoften not entirely coated by
cosmetic ceramic and some parts can be exposed to
ord corrosive environment.
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