Srebro - paladijeve ili paladij -
srebrne slitine?

Sazetak

Slitine na osnovi srebra i na osnovi paladija razlicito su dugo u upo-
rabi za fiksnoprotetske radove. Kako bi se dokazalo da se zaista radi
o dvjema razlicitim slitinama, provedene su mikrografske, SEM i EDX
ras¢lambe kao i izmjerene su vrijednosti mikrotvrdoce odljeva (HV 0,2).
Rezultati potvrduju da se radi o dvjema slitinama koje se razlikuju po
sastavu, strukturi odljeva, raspodjeli elemenata i vrijednostima mikro-
tvrdoce, te da ih se zato u praksi neopravdano terminoloski poistovje-
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Uvod

U terapijskim postupcima rekonstruktivne stoma-
tologije kao gradivni materijal upotrebljavaju se ko-
vine. U fiksnoj protetici to su razne slitine, bilo kao
samostalan konstrukcijski element bilo u kombina-

“ciji s estetskim materijalima, polimerom i kerami-
kom.

Uporaba c¢iste kovine, kao §to je to npr. bilo zla-
to, pripada proslosti. Mekoca zlata, nedostatna an-
tikorozivnost srebra, previsoko taliste platine, nika-
ko ne zadovoljavaju visoke stati¢ke i estetske zah-
tjeve danasnje rekonstruktivne stomatologije. No,
kombinacijom dviju ili vi§e kovina, tj. slitinirenjem,
iskoristavaju se pozitivna i ujedno umanjuju losa
svojstva pojedinog elementa te dobivaju slitine sa
sasvim novim, traZzenim svojstvima (1,2,3).

Slitine su smjese kovine i kovine, ili kovine i ne-
kovine, pri ¢emu prevladava kovinski karakter. Sva-
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ku slitinu ¢ini osnovna sastavnica koja je zastup-
ljena u najvecem teZinskom ili postotnom udjelu, i
na temelju nje imenuje se pojedina slitina. Zbog po-
trebitih mehanickih i inih svojstava doslitinirani su
i drugi elementi, ali u manjim udjelima. Dugo su
vremena slitine na bazi zlata bile slitine izbora, izraz
bogatstva, odraz ljepote. Drugi je svjetski rat stvo-
rio ekonomsku krizu koja je i u dentalnoj industriji
potakla da se nadu zamjene, u prvome redu jeftini-
ja rjeSenja. Pedesetih godina XX. stoljeca smanjuje
se udio zlata a povecava srebra, paladija, platine.

Godine 1958. na trzistu se pojavila nova slitina
koja se je sadrzajem razlikovala od konvencional-
nih zlatnih slitina. Bila je to slitina s oko 65% sre-
bra i 25% paladija.

Slitine na bazi srebra sivo-bijele su boje, meha-
ni¢ki zadovoljavaju, lako se obraduju, bioloski su
podnosljive. Srebro je kovina bijela sjaja, sivkaste
boje, dobar je vodi¢ topline i elektriciteta. Postojano
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je na zraku, jer oksidira stvarajuci pasivizirajuci pov-
r§inski sloj, §to govori da plemenitost nije nuZan ni
dovoljan uvjet antikorozivnosti (2,5,6).To je razlo-
gom §to se srebro danas ne smatra plemenitom ko-
vinom (6,7). U rastaljenu stanju apsorbira kisik,
skruéivanjem ga otpusta, posljedica ¢ega mozZe biti
porozan odljev. Da se sprijeci apsorpcija plinova, a
time i poroznost, te poboljSa ljevljivost i antikoro-
zivnost, tim se slitinama dodaje 5 - 10% zlata. Ma-
nji interval taljenja i bolja mehanicka svojstva po-
stizu se udjelom bakra, cinka, nikla, mangana, in-
dija, kositra i kroma u iznosu do 10%.

Upravo dodatci neplemenitih sastavnica zahtije-
vaju pazljivu laboratorijsku obradu te slitine, a to ¢i-
ni i njezin nedostatak. Paladij pridonosi boljim me-
hanickim svojstvima i postojanosti boje (2,8,9,
10,11). Zadnjih godina uporaba Ag-Pd slitina sve je
manja, jer dentalna industrija nudi niz novih slitina
koje potpunije ispunjavaju zahtjeve suvremene fik-
sne protetike.

Prva slitina na osnovi paladija pojavila se na den-
talnom trzi§tu godine 1973., a patentirana je sljede-
ée, 1974., kao slitina namijenjena za kovinokeramic-
ke radove (4, 12). Paladij je ¢lan platinske skupine
kovina, sivo bijele boje, u usporedbi s platinom ma-
nje plemenit, niZega tali$ta, jeftiniji i manje gusto-
ce. Pri svjetlo crvenom Zaru reagira s klorom i flu-
orom stvarajuci slabo topive soli, a u dodiru s dusi-
kom i sumporom netopive fosfate i sulfide. Apsor-
bira vecu koli¢inu vodika, §to izaziva poroznost od-
ljeva. U dentalnim slitinama povecéava interval ta-
ljenja i tvrdocu slitine. Danas se u nekim zemljama
javljaju kontroverzna misljenja o biolo§kom ucinku
paladija, zbog sumnje da se njegovi ioni oslobada-
ju u ustima te pritom stvaraju toksic¢ni i alergijski
uc¢inak na bioloski medij (13,14). Opisano je 2-18%
ucestalosti osjetljivosti na paladij. Vazno je pri to-
me napomenuti da je 93-100% ljudi osjetljivih na
paladijeve ione osjetljivo i na nikal. Wirz sa sur.
smatra da nije samo paladij odgovoran za toksi¢ni
ucinak, vec su to i dodatci bakra, galija i indija. Pa-
ladijeve slitine namijenjene su iskljucivo za kovino-
keramicke konstrukcije, pri ¢emu ostvaruju dobru
vezu s keramikom. Indij o¢vrscuje slitinu i odgovo-
ran je za vezu s keramikom. Kositar i galij poveca-
vaju tvrdocu, ali na Stetu smanjene elongacije. Od-
nos paladija i srebra u tome tipu slitine najcesce je
50-60% Pd i 28-40% Ag (4,5,15).

Dvije opisane vrste slitina: srebro - paladij- i pa-
ladij - srebrna slitina, u praksi se vrlo ¢esto termi-

noloski zamjenjuju. Zato je svrha ovoga rada da se
na temelju usporedbe sastava, strukture i svojstava,
bolje upoznamo s tim tipovima slitinama te tako
uklone sve nedoumice u vezi s njihovom razli¢ito-
§¢u. Buduci da te slitine danomice unosimo u bio-
loski medij, cilj je rada i potaknuti da se donese za-
kon o uporabi dentalnih slitina u nasoj zemlji koji
bi vecu odgovornost izbora i primjene kovinskih te-
rapijskih sredstava prenio na terapeute, kao §to je
npr. u Americi i u nekim europskim zemljama.

Materijal i postupci

Analizirani uzorci izradeni su iz tipiénih pred-
stavnika pojedinih slitina: uzorak Ag-Pd slitine izra-
den je iz materijala tvorni¢koga naziva “Auropal”
(Zlatarna Celje, Slovenija), a uzorak Pd-Ag slitine
iz materijala tvorni¢kog naziva ‘“Pangold Keramik
N,” (Hafner, Phorzheim, Njemacka).

Uzorci su modelirani u vosku i uloZeni u ulozni
materijal. Za lijevanje Auropala upotrebljen je ulo-
Zni materijal Neoduroterm 5 (Bayern, Basel, Svicar-
ska) a za Panglod Keramik N, (U.M.C. Hafner Ce-
hacat, Phorzheim, Njemacka)) i oba uzorka lijeva-
na su centrifugalno: Auropal u ljevacu (Zlatarna,
Celje, Slovenija), a Pangold Keramik N, u ljevacu
Modular 3N (Aseg Galloni, San Colombano, Itali-
ja). Veli¢ina kovinskih ploc¢ica bila je 20 x 7 x 1
mm. Plocice su pjeskarene 250-mikronskim cesti-
cama Al O,, a daljnja obrada ovisila je o potrebi sa-
mog ispitivanja.

Na tako pripremljenim uzorcima provedena je ra-
$¢lamba mikrostrukture svjetlosnim mikroskopom
Olympus BHSM-L-2 (Japan), ras¢lamba prijelom-
nih povr§ina i povrSinske poroznosti uzoraka pretra-
Zznim elekronskim mikroskopom Phillips 515, te
EDX raSc¢lamba na Phillipsovu analizatoru PV 990.
Od mehanickih svojstava ispitana je mikrotvrdoca
uzoraka metodom Vickers s optereéenjem od 200 g
- HVO0.2.

Rezultati
Kemijski sastav uzoraka
Od proizvodaca analiziranih uzoraka dostupni su

podatci o njihovu kemijskom sastavu. Oni su pri-
kazani u Tablici 1.
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Tablica 1. Kemijski sastav uzoraka

Table 1.  Chemical composition of the samples
Slitina Ag, Pd, Au, Pt, Cu, In, Zn, Sn, Ga, Re,
Alloy % % % % % % % % % %
Auropal 64,0 25,0 2,0 6,0 <1
Pangold Keramik N, 20,0 52,3 15,0 0,1 6,0 5,5 1,0 0,1

Rasclamba mikrostrukture, SEM i EDX
ras¢lamba

Za ra$¢lambu mikrostrukture uzorci su priprem-
ljeni standardnim postupcima za tu vrstu materija-
la: bruSeni na papiru do finoce zrna 600, polirani na
DP-mol podlozi (Struers) s dijamantnim zrncima fi-
noce 1/4 pm. NagriZzeni su dvostupanjski: najprije
u otopini NH, persulfata i H,O, a zatim u otopini
KCN i H,0. Uzorci su potom oprani alkoholom i
osuseni strujom topla zraka. Struktura je analizira-
na na svjetlosnom mikroskopu Olympus BHSM-L-
-2 i prikazana na Slikama 1 1 2.

100 pm

Slika 1. Mikrostruktura uzorka “Auropal”
Figure 1. Microstructure of the “Auropal” sample

100 pm

Slika 2. Mikrostruktura uzorka “Pangold Keramik N,”
Figure 2. Microstructure of the “Pangold Keramik N,” sample

Rag¢lamba mikrostrukture pokazuje bitno razli-

Citu strukturu Auropala i Pangold Keramik N, ; una-

to¢ istim uvjetima nagrizanja. Dok Auropal poka-
zuje grubu dendriti¢nu strukturu (Slika 1), Pangold
Keramik N, ima relativno homogenu strukturu s po-
ligonalnim zrnima (Slika 2). Na granicama zrna obih
slitina vidljive su nakupine, najvjerojatnije netopi-
vih oksida i niZetaljivih udjela. Sli¢an rezultat po-
kazuju i SEM snimke (Slike 3 i 4).

Slika 3. SEM rasclamba uzorka “Auropal”
Figure 3. SEM analysis of the “Auropal” sample

Slika 4. SEM rasclamba uzorka “Pangold Keramik N,”
Figure 4. SEM analysis of the “Pangold Keramik N,” sample
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EDX ras¢lambom Auropala dokazano je puno
bakra, srebra i silicija u lakunarnim ulo§cima uzor-
ka prikazanog na trecoj slici (Slika 5).

Bijela faza bogata je srebrom, paladijem i ba-
krom, ima nesto i cinka, dok u tamnoj fazi ima pu-
no bakra i cinka (Slika 7).

EDX analiza Pangold Keramik N, slitine na SEM
snimci (Slika 4) pokazuje da u bijeloj fazi ima vise
silicija i paladija, a u tamnoj fazi ima vise paladija,
srebra i zlata (Slika 6).

Agle

SiKa

l 2.00 4,00 .63 8,00
14CNT 5.12KEV  18Vch A EDAX
Slika 5. EDX rasclamba uzorka “Auropal”

Figure 5. EDX analysis of the “Auropal” sample

PdLoc

i g 4.00 .00 8.00
S.12KEV 18Vch A EDAX

Slika 6. EDX ra$clamba uzorka “Pangold Keramik N,”
Figure 6. EDX analysis of the “Pangold Keramik N,” sample

om 4,00 6. 00 8.00
13CNT S. 12KEV ideVch A EDAX

Slika 7. EDX rasclamba uzorka “Auropal”
Figure 7. EDX analysis of the “Auropal” sample

Auropal je pokazao malu povrsinsku poroznost.
Pore su veli¢ine 10 pm (Slika 8).

No, vidljive su i velike Supljine i mrlje, koje su
sastavom iste kao i ostali dio strukture. Glede po-
roznosti, Pangold Keramik N, ima dosta Supljina,
nejednoliko rasporedenih i razlicite veli¢ine, od 10
do 38 um (Slika 9).

' Slika 8. Poroznost na uzorku “Auropal”

Figure 8. Porosity on the “Auropal” sample

Slika 9.  Poroznost na uzorku “Pangold Keramik N,”
Figure 9. Porosity on the “Pangold Keramik N,” sample

Rasclamba svojstava uzoraka

Za usporedbu ras¢lanjenih uzoraka vrlo su vazna
i njihova mehanicka i fizikalna svojstva. Neka su do-
stupna od samih proizvodaca i prikazana su u Ta-
blici 2.

Mikrotvrdoca uzoraka mjerena je metodom Vic-
kers s opterecenjem od 200 g - HVO0.2 i prikazana
u Tablici 3.
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Tablica 2. Mehanicke i fizikalne karakteristike uzorka
Table 2.

Mechanical and physical characteristics of the samples

Svojstvo - Characteristic Auropal Pangold Keramik N,
Interval taljenja, °C - Melting interval, °C 960-1060 1150-1250
Gustoca, g/cm® - Density, g/cm? 10,7 12,1
Konvencionalna granica razvlaenja, N/mm, - Conventional border of elongation, N/mm, 520 545/685
Tablica 3. Mikrotvrdoca uzoraka
Table 3.  Microhardness of the samples
Uzorak - Sample HV02
1 2 3 4 5 6 7 8 9 Xx/9
Auropal 123 124 116 108 111 123 124 130 116 1194
Pangold Keramik N, 203 225 218 215 218 206 215 215 222 215,2

Rasprava

Zna se da srebro i paladij stvaraju kontinuirani
niz kristala mjeSanaca. No, metalografske snimke
pokazuju nehomogenost odljeva Auropal slitine i ra-
zmjernu homogenost Pangold Keramik N, slitine u
istim uvjetima hladenja. Da Ag-Pd slitine kristali-
ziraju dendriti¢no potvrduju i navodi mnogih auto-
ra (2,10,16). Nehomogenost odljeva te slitine poslje-
dica je razmjerno brzoga hladenja (na zraku), posto-
janja sastavnica s velikim razlikama u tockama ta-
ljenja, te sklonosti dendriticnoj segregaciji. Medu-
tim, Boningh i Walter (17) piSu o nehomogenoj,
dendriti¢noj strukturi i odljeva Pangold Keramik N,
slitine, obrazlazudi to time da u toj slitini nema sa-
stavnica koje usitnjuju zrno, te je i struktura grubo-
zrnata. Mnogi su autori jedinstveni u mi$ljenju da
veliku pozornost treba obratiti i uvjetima lijevanja.
Izvor topline i vrsta uloZnoga materijala, uz uvjete
hladenja, takoder mogu utjecati na kakvocu odlje-
va (2,3,5,7,9,15,17,18,19,20). Tako Cohen sa sur.
smatra da je Pd-slitinu bolje taliti mjeSavinom pro-
pana i kisika nego prirodnoga plina i kisika (15). No,
razlike u ljevljivosti prije su odraz razlika u promje-
nama sastava slitine ili sastava uloznoga materijala
negoli izvora topline. Dugo su se uloZni materijali
s ugljikom smatrali uzrokom krhkosti i poroznosti
odljeva (21).

Srebro-paladijeve slitine mogu se gotovo potpu-
no homogenizirati dodatnom termi¢kom obradom,
dok su podatci o homogenizaciji slitina na bazi pa-

ladija razli¢iti. Tako Boningh i Walter (17) smatra-
ju da se Pd-slitina ne moZe potpuno homogenizira-
ti, a Payan sa sur. piSe o potpunoj homogenizaciji
nakon dva sata Zarenja pri 1000 °C (21).

Izmjerene vrijednosti mikrotvrdoce slitina tako-
der govore o razlic¢itosti. Dok Auropal ima HV0.2
= 119, dotle je Pd-slitina gotovo dvostruko tvrda
(HVO0.2= 215). Auropal spada u tip III, a Pd-slitine
se klasificiraju se u tip III ili tip IV.

Dentalne slitine sklone su umjetnom starenju ili
precipitaciji. Zivko (2) je dokazala maksimalne vri-
jednosti mikrotvrdoée Auropala nakon homogeniza-
cije pri 800 °C tijekom 20 minuta i precipitacijsko-
ga zarenja pri 350 °C tijekom 15 min (HVO.1 =
330). Syverud i Hero pi§u 0 900 °C /15 min kao uv-
jetima homogenizacije i 350 °C kao temperaturi pre-
cipitacije jedne Ag-Pd-Cu-Au slitine (16). Bessing
sa suradnicima smatra da su optimalni uvjeti termic-
ke obrade Ag-Pd slitine; temperatura homogeniza-
cije 750 °C/15 min i precipitacije 400 °C/15 min
(17), a Lenz pise o 850 °C/2 sata kao uvjetima ter-
micke obrade ali bez potpune homogenizacije i o
425 °C kao temperaturi precipitacije, kada vrijed-
nosti mikrotvrdoce odljeva porastu za 66% (10).

Rizik uporabe paladija u dentalnim slitinama ¢i-
ni se minimalnim, zbog vrlo malog otapanja pala-
dija iz slitine $to su pokazale in vivo i in vitro stu-
dije (13, 23). Fenomen pojave zelene boje dugo se
dovodio u vezu s Pd-slitinama zbog otapanja sre-
brnog oksida u keramici. Bilo je to doba kada se na-
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stojalo srebro potpuno izbaciti iz paladijevih sliti-
na. I danas se paladijeve slitine dijele na one sa sre-
brom i one bez srebra.

Podatci proizvodaca potvrduju da srebro-paladi-
jeve slitine u pravilu sadrze do 70% srebra, a Pd-
-slitine imaju 50-60% paladija. Unato¢ svim pozna-
tim pa i prikazanim razli¢itostima u svojstvima Ce-
sto se dogode terminoloske zamjene tih dviju sliti-
na, na $to upozorava i Goodacre (4). Tako, primje-
rice, Jochen sa sur opisuje Pd-slitinu namijenjenu
pecenju keramike a naziva ju Ag-Pd slitinom, iako
sadrzi 54,5% Pd i 37,5% Ag (24 ). Isto ¢ine i Hu-
get i Civjan (7).

Zakljucak

Na osnovi ras¢lambe dobivenih rezultata moze
se zakljuciti da se slitina na bazi srebra i slitina na
bazi paladija razlikuju po sastavu, strukturi, meha-
nickim (mikrotvrdoca) i fizikalnim svojstvima te po
namjeni.

Auropal kristalizira dendriti¢no, manje je tvrdo-
¢e i namijenjen je isklju¢ivo polimernom fasetira-
nju. Pangold Keramik N, ima homogeniji odljev,
dvostruko vecu tvrdocu i namijenjen je na pecenju
keramike. Terapeut treba poznavati sastav svake sli-
tine pa ¢ak i uvjete njezine laboratorijske obrade da
ne bi nastala terminoloSka zamjena koja moze biti
razlogom neadekvatne obrade i namjene pojedine
slitine u protetskoj terapiji, ali moze se dogoditi i
nesnalaZenje u slu¢aju neZeljenih posljedica na or-
ganizam, inkorporacijom slitine ¢iji sastav se ne po-
znaje.
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Summary

Dental alloys based on silver and palladium have not been used equ-
ally long in fixed prosthodontics therapy. In order to prove that they
really are two different alloys, micrographic, SEM and EDX analyses
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have conducted, and the values of the microhardness (HV 0.2) of casts

been measured. Results show that they are two alloys which differ with
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regard to composition, microstructure, distribution of elements and va-

lues of microhardness, and that these terms are unjustifiably identified

in practice.

Key words: alloy, microstructure, microhardness

Introduction

In therapeutic procedures of reconstructive sto-
matology, metals are constantly used as constructi-
on materials. In fixed prosthodontics these materi-
als are various alloys, either as separate constructi-
on elements or in combinations with aesthetic ma-
terials, polymers and ceramics.

The usage of pure metals such as gold is history.
The softness of gold, the inadequate anticorrosion
of silver and high melting point of platinum do not
satisfy the high static and aesthetic requirements of
modern reconstructive stomatology. However, com-
binations of two or more metals known as alloyage
use the positive properties of these metals and si-
multaneously decrease the negative characteristics
of some elements, resulting in alloys with comple-
tely new and desired required properties (1, 2, 3).

Prof. dr. sc. Jasenka Zivko-
-Babié

Zavod za fiksnu protetiku
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Gundulicéeva 5,
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Alloys are mixtures of metal and metal or metal
and non-metal, with greater metal characteristics.
Each alloy is characterised by a main component,
represented by the largest weight or percentage pro-
portion, based on which it gets its name. Due to the
needs of mechanical, physical and other properties,
other elements are included in the alloy but in smal-
ler proportions. Alloys based on gold have long be-
en a matter of choice, a symbol of wealth and bea-
uty. The second world war created an economic cri-
sis which was reflected in the dental industry, and
initiated research for alternative and mainly chea-
per solutions. In the fifties of this century the pro-
portion of gold was reduced and replaced by silver,
palladium and platinum.

In 1958 a new alloy appeared on the market and
was significantly different from conventional gold
alloys. It was an alloy containing 65% of silver and
25% of palladium.
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Alloys based on silver are mechanically satisf-
ying, easy to process, and biologically tolerant. Sil-
ver is a white metal, a good conductor of tempera-
ture and electricity. It is stable on air due to its oxi-
dation, creating a passive outer layer, which shows
that the preciousness of a metal is not a necessary
nor sufficient condition for anticorrosion (2, 5, 6).
This is why today silver is not considered to be a
precious metal (6, 7). In a melted form it absorbs
oxygen, releasing it by cooling, which may result
in a porous cast. In order to prevent the absorption
of gases as well as porosity and to improve its ca-
stability and anticorrosion, 5 - 10% of gold is ad-
ded to these alloys. A lower melting interval and bet-
ter mechanical properties are obtained by a propor-
tion of copper, zinc, nickel, manganese, indium, tin
and chromium amounting to 10%. Specifically, the
addition of base components necessitates careful la-
boratory treatment of this alloy, which is its main
disadvantage. Palladium achieves better mechanical
characteristics and stability of colour (2, 8, 9, 11).
In recent years the usage of Ag-Pd alloys is less and
less frequent, since the dental industry offeris a ran-
ge of new alloys which better fulfil the demands of
modern fixed prosthodontics.

The first alloy containing palladium appeared on
the dental market in 1973, and was patented a year
later (1974) as an alloy developed for ceramics ve-
neering (4, 12). Palladium belongs to the platinum
group of metals. It is silvery-white in colour, less
precious compared to platinum, of a lower melting
point, cheaper and less dense. At a light red flame
it reacts with chlorine and fluorine producing almost
insoluble salts, and in contact with nitrogen and sul-
phur insoluble phosphates and sulphates. It absorbs
a larger amount of hydrogen, resulting in porosity
of the cast. In dental alloys it increases the melting
interval and its hardness. However. controversial
opinions about the biological influence of palladi-
um have appeared in some countries, as it is suspec-
ted that this metal’s ions are released in the mouth,
creating a toxic and allergic effect on the biological
media (13,14). Sensitivity to palladium reported
amounts to a 2-18%. It is important to mention that
93 - 100% of the people sensitive to palladium ions
are also sensitive to nickel. Wirz et al. believe that
palladium is not the only element responsible for the
toxic effect, and that additions of copper, gallium
and indium are toxic as well. Palladium based al-

loys are intended for metal-ceramic constructions,
since they bond well with ceramics. Indium hardens
the alloy and is responsible for bonding with cera-
mics. Tin and gallium increase the hardness, but at
the cost of a decrease in elongation. The proportion
of palladium and silver in this type of alloy is usu-
ally 50 - 60% Pd and 28 - 40% Ag (4, 5, 15).

The names of the two types of alloys described:
silver - palladium and palladium - silver are often
identified in practice. The aim of this study was to
get a better insight into these alloys, based on the
comparison of their composition, structure and cha-
racteristics, and to eliminate all doubts in relation
to their difference. As these alloys are constantly in-
serted into a biological medium, the need to esta-
blish a law on the usage of dental alloys in our co-
untry has also been a motive of this work, which wo-
uld transfer most of the responsibility of the choice
and usage of metal to therapeutics, as is the case in
America and some European countries.

Material and Methods

The samples analysed consisted of two alloys:
the Ag-Pd alloy sample consists of a material cal-
led “Auropal” (Zlatarna Celje, Slovenia), and the
Pd-Ag sample of the material “Pangold Keramik N.”
(Hafner, Phorzheim, Germany).

The phosphate-bound investment material Neo-
duroterm 5 (Bayern, Basel, Switzerland) has been
used for melting Auropal, and for Pangold Keramik
N, (U. M. C. Hafner, Cehacat, Phorzheim, Ger-
many). Both samples were casted by centrifuge; Au-
ropal in the casting machine (Zlatarna Celje, Slove-
nia), and Pangold Keramik N, in casting machine
Modular 3N (Aseg Galloni, San Colombano, Italy).
The size of metal plates was 20 x 7 x 1 mm. These
plates were sandblasted by 250-micro particles
ALQ,, and further processing depended on the ne-
eds of the analysis itself.

The microstructure analysis of samples prepared
in this way was conducted by a light optical micro-
scope Olympus BHSM-L-2 (Japan), the analysis of
fracture surfaces and surface porosity of the sam-
ples by a scanning electronic microscope (SEM)
Phillips 515, and the EDX analysis on the Phillips
analysator PV 990. As for the mechanical characte-
ristics the microhardness of the samples was tested
by a Vickers method with a load of 200 g - HVO0.2.
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Results
The chemical structure of the samples

The chemical composition of the samples, obta-
ined from their manufacturers, are presented in Ta-
ble 1.

Microstructure, SEM and EDX analyses

In order to conduct the microstructure analysis
the samples were prepared according to standard
procedures for this type of material: ground on with
silicon carbide paper until the fineness of the gra-
nules became 600, polished on a DP-moll base (Stu-
ers) with diamond granules of a 1/4 um fineness.
They were etched on two levels: first in the soluti-
on of NH, persulfate and H,O, and later in the so-
lution of KCN and H,O. The samples were then wa-
shed with alcohol and dried by hot air. The micro-
structure was analysed on a light microscope Ol-
ympus BHSM-L-2 and shown in Figures 1 and 2.

The microstructure analysis shows the significan-
tly different structure of Auropal and Pangold Ke-
ramik N,, despite the same etching conditions. While
Auropal shows a rough dendritic structure (Figure
1), Pangold Keramik N, has a relatively homogene-
ous structure with polygonal grains (Figure 2). Small
particles are visible along the grain boundaries, con-
sisting probably of insoluble oxides and precipita-
tes of a lower melting point.

A similar result was obtained by SEM images
(Figures 3 and 4). '

The EDX analysis of Auropal (Figure 5) shows
a significant amount of copper, silver and silicon in
the lacunar of the sample shown in Figure 3.

The white phase is rich in silver, palladium and
copper, with traces of zinc, while the dark phase is
reached in copper and zinc (Figure7).

The EDX analysis of the Pangold Keramik N, al-
loy shows that the white phase contains more sili-
con and palladium, while the dark phase contains
more palladium silver and gold (Figure 6).

Auropal showed slight surface porosity. The si-
ze of the pores is 10 pm (Figure 8).

However, large pores and stains are visible, in
composition identical to the other parts of the struc-

ture. Regarding the porosity of Pangold Keramik N,
there are lots of pores of an irregular size and posi-
tion from 10 to 38 um (Figure 9).

Analysis of sample characteristics

The mechanical and physical characteristics of
the samples analysed are very important for their
comparison. Some of them are available from the
manufacturers, and are shown in Table 2.

The microhardness of the samples was measu-
red by the Vickers method with a load of 200 g -
HVO0.2, and is shown in Table 3.

Discussion

It is well known that silver and palladium form
one-phased microstructures because of their comple-
te solid solution series.However, micrographs show
the unhomogeneous state of the Auropal alloy cast
and relatively homogeneous state of the Pangold Ke-
ramik N, alloy in the same cooling conditions. Re-
sults obtained by numerous authors (2, 10, 16) con-
firm the dendritic crystallisation of Ag-Pd alloys.
The heterogeneous state of this alloy’s cast is a re-
sult of the relatively fast cooling (on air), the pre-
sence of components with significantly different
melting points, as well as the tendency to dendritic
segregation. However, Boningh and Walter (17) wri-
te about the unhomogeneous, dendritic structure of
casted Pangold Keramik N, alloy, explaining that
this alloy does not contain components fragmenting
the grains, and the structure therefore contains lar-
ge grains. Numerous authors agree that great atten-
tion should be given to the conditions of melting.
The source of heat as well as the type of the inve-
stment material, in the conditions of cooling, may
influence the quality of the cast (2, 3, 5, 7, 9, 15,
17, 18, 19,20). Thus Cohen et al. consider that it is
better to melt the Pd alloy with a propane/oxygen
fuel source than with natural gas/oxygen (15). Ho-
wever, the melting differences are more a result of
changes in the composition of the alloy or the com-
position of the investment material than the source
of heat. The investment materials with carbon have
long been regarded as the cause of the casts’ fragi-
lity and porosity (21).
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The silver-palladium alloys may almost totally
become homogeneous by heat treatment, while the
data on the homogeneity of alloys based on palla-
dium is different. Thus Boningh and Walter (17)
consider that the Pd alloy may not become comple-
tely homogeneous, while Payan et al. report about
the total homogeneity after two hours of annealing
at 1000 °C (21).

The measured values of the alloy microhardness
also show differences. While Auropal has HV0.2 =
119, the Pd based alloy is almost twice as hard
(HV0.2 = 215). Auropal belongs to type III, while
Pd -alloy is classified as type III or type IV.

Dental alloys are likely to harden. Zivko (2) has
obtained maximal values of Auropal microhardne-
ss after homogenization at 800 °C for 20 minutes
in normal atmosphere and after additional annealing
at 350 °C for 15 minutes (HVO0.1 = 330). Syverud
and Hero write about 900 °C/15 minutes as condi-
tions for homogeneity and 350 °C as the hardening
temperature of one Ag-Pd-Cu-Au alloy (16). Bessig
et al. consider that the optimal conditions for heat
treatment of the Ag-Pd alloy are: homogenization
at 750 °C / 15 minutes and annealing at 400 °C /
15 minutes (17), while Lenz reports about 850 °C /
2 hours as conditions for heat treatment without
complete homogeneity and about 425 °C as the pre-
cipitation temperature, when the microhardness va-
lue of the cast increases by 66% (10).

The risk of using palladium in dental alloys se-
ems minimal, due to the very small percentage of
palladium melting from the alloy which has been
shown both by in vivo and in vitro studies (13, 23).
The “greening” phenomenon has long been connec-
ted to Pd alloys due to the melting of silver oxide

in the ceramics. The tendency at the time was to eli-
minate silver completely from palladium alloys. Still
today palladium alloys are divided into those that
contain silver and those that do not.

The manufacturer’s data confirm that silver-pal-
ladium alloys in general contain up to 70% of sil-
ver, while Pd-alloys have 50-60% of palladium. De-
spite all established and reported differences, there
is frequent identification of these two alloys, which
has also been reported by Goodacre (4). Thus Joc-
hen et al. describe the Pd-alloy as intended for fi-
ring ceramics, and call it an Ag-Pd alloy, although
it contains 54.5% Pd and 37.5% Ag (24). Huget and
Civjan do the same (7).

Conclusion

Based on analysis of the obtained results it may
be concluded that an alloy based on silver and an
alloy based on palladium differ in composition,
structure, mechanical (microhardness) and physical
properties and purpose.

Auropal crystallises dendritically, is less hard and
is intended only for polymeric veneers. Pangold Ke-
ramik N, has a more homogeneous cast, is twice as
hard and is intended for the firing of ceramics. The-
refore it is absolutely necessary that therapeutics
know the composition of each alloy and the condi-
tions for its laboratory processing, in order not to
identify these two terms, which may result in ina-
dequate processing and usage of a certain alloy in
prosthodontic therapy. It is also necessary to know
the composition of the incorporated appliance, in the
case of allergic reaction to it.
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