Utjecaj termocikliranja na
dinamicku izdrzljivost spoja
Ag-Pd slitine 1 hidrotermalne
keramike
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Sazetak

Svrha ovoga rada bila je istraZiti utjecaj termocikliranja na dina-
micku izdrZljivost spoja Ag-Pd slitine i hidrotermalne keramike. Istra-
zivanje je obavljeno na 48 uzoraka Ag-Pd slitine izradenih u obliku plo-
cica 45x12x4 mm na koje je napecena 2 mm debela hidrotermalna ke-
ramika. Uzorci su podijeljeni u dvije skupine. Prva skupina uzoraka
odmah je nakon izrade bila dinamicki opterecivana, druga je skupina
uzoraka prije dinamickih opterecenja termociklirana na temperatura-
ma 0 °C i 55 °C 1000 puta. Mjerenje dinamicke izdrzljivosti provedeno
Je modificiranom metodom po Schwickerathu u Amslerovu visokofre-
kventnom pulzatoru. Izmjerene su vece vrijednosti maksimalne dinamic-
ke izdrzljivosti za netermociklirane uzorke u iznosu od 850N, dok su
utvrdene manje vrijednosti maksimalne dinamicke izdrZljivosti za ter-
mociklirane uzorke od 550N. Statisticki znacajna razlika pronadena je
izmedu granicnih opterecenja Fg i broja ciklusa n za obje istraZivane
skupine uzoraka.
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Uvod

Odlom keramike od metalne podloge velika je
neugoda za pacijenta i za terapeuta. Razvojem den-
talne industrije poku$ava se pronaci metalkeramic-
ki sustav koji ¢e uz ostala traZena svojstva imati i
vecu veznu ¢vrstocu metala i keramike od dosada-
$njih sustava. Danas je u klinickoj uporabi ¢itav niz
metalkeramickih sustava, no svi oni imaju medusob-

ne prednosti i nedostatke u vezi s razli¢itim uvjeti-
ma okoline. Mnogi autori bavili su se prou¢avanjem
¢vrstoce spoja metala i keramike (1-6). Uglavnom
su to stati¢ka istrazivanja ¢vrstoce u uvjetima razli-
¢itih utjecajnih ¢imbenika, kao §to su promjene pH
i temperature. Herrmann (7) je primjerice, utvrdio
da se vlacna ¢vrstoca izmedu keramike i Ni-Cr sli-
tine smanjuje za 60% posto se uzorci drze 10 dana
u korozivnoj kupci pri vrijednosti pH = 4,2.
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Pauli (8) je dokazao da termocikliranje smanju-
je ¢vrstocu keramike od 6,18% do 27,13%, ovisno
o vrsti keramike.

Thurmond (9) je svojim istrazivanjima pokazao
da se ¢vrstoca veze keramike i kompozita znatno
smanjuje nakon termocikliranja u trajanju od 2500
ciklusa na temperaturama 5 °C i 55 °C.

Kern (10) je dobio sli¢ne rezultate istrazujuci
¢vrstocu veze Empress 1 InCeram keramike i adhe-
ziva nakon termocikliranja na temperaturama 5 °C
i 55 °C pri trajanju od 18750 ciklusa.

IstraZivanja dinamicke izdrzljivosti zanemarena
su u odnosu prema statistickim, pa ih i u literaturi
znatno manje nalazimo.

Schwickerath (11) je istrazivao dinamicku iz-
dr7ljivost keramike i pokazao da nakon 1000 ciklu-
sa vrijednost dinamicke izdrZljivosti iznosi 60% vla-
7ne ¢vrstoce, a nakon 1000000 ciklusa samo 50%.

Svrha ovoga rada bila je istraziti utjecaj naglih
promjena temperatura na dinamic¢ku izdrZljivost spo-
ja metala i keramike te potvrditi hipotezu raznih au-
tora o negativnom djelovanju temperaturnih razlika
na ¢vrstocu veze metala i nemetalne obloge.

Materijal i postupci

Istrazivanje je obavljeno na 48 uzoraka izradenih
od Ag-Pd slitine (Oceramduo, Ogussa, Bec, Austri-
ja) u obliku plocica dimenzija 45x12x4 mm na ko-
je je u duzini od 25 mm napecena 2 mm debela hi-
drotermalna keramika (Duceragold, Ducera, Ro-
sbach, Njemacka). Uzorci su podijeljeni u dvije sku-
pine. Prva skupina od 24 uzoraka odmah je nakon
lijevanja i napecenja keramickog sloja dinamicki op-
terecena. Druga je skupina, jednake mnoZine uzo-
raka, prije dinamickih opterecenja termociklirana u
obi¢noj vodi 1000 puta na temperaturama 0 °C
i55°C.

Mjerenje dinamicke izdrZljivosti provedeno je
modificiranom metodom trotockastog opterecenja
po Schwickerathu (11) u Amslerovu visokofrekven-
tnom pulzatoru (Slika 1).

Opterecenja su provedena tla¢no dinamicki u ra-
sponu sila od 550N do 1200N. Mjeren je broj ci-
klusa potrebnih da nastane pukotina izmedu metala
i keramike vidljiva prostim okom, te broj ciklusa po-
trebnih da se odlomi keramika od metalne podloge,
Sto je predstavljalo i kraj pokusa.

Slika 1. Uzorak ucvrscen u cCeljusti Amslerovog visokofrekven-
tnog pulzatora

Figure 1. Tested sample in Amsler’s high frequent pulsator
jaws

Da bi se provjerila osnovna hipoteza koja se od-
nosi na mozZebitne razlike izmedu dviju skupina ispi-
tivanih uzoraka primijenjena je statisticka obrada
Studentovim t-testom.

Rezultati

Za obje skupine uzoraka izmjeren je broj ciklu-
sa za odredene vrijednosti dinamickih opterecenja
glede nastanka pukotine izmedu metala i keramike,
te odloma keramike od metalne podloge, §to je pri-
kazano na Tablici 1 1 2.

Iz tablica je vidljivo da se pukotina na netermo-
cikliranim uzorcima javlja kod sile Fg=850N i bro-
ja ciklusa n=3630500, a odlom keramike od metala
kod sile Fg=900N i broja ciklusa n=1895000. Kod
termocikiranih uzoraka pukotina nastaje pri znatno
nizim vrijednostima sila, ve¢ kod Fg=550N i
n=4750000 ciklusa, a lom kod istog broja ciklusa,
ali pri sili od Fg=650N. Povecanjem sile trajnost ve-
ze metal-keramika postupno se skracuje u objema
skupinama uzoraka, tako da se pri sili od Fg=1200N
na netermocikliranim uzorcima pukotina u prosje-
ku javlja ve¢ kod 181600 ciklusa, a lom kod 408500
ciklusa. Kod termocikliranih uzoraka pri silama od
Fg=1200N pukotina i lom se javljaju gotovo isto-
dobno i to nakon samo prosjecnih 380 ciklusa.

U Tablici 3 prikazani su podatci na temelju ko-
jih je provedeno statisticko testiranje Studentovim
t-testom. Vidljivo je da statisticki znacajna razlika
u prosje¢nom broju ciklusa do pojave loma na ne-
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Tablica 1. Rezultati mjerenja dinamicke izdrZljivosti na neter-
mocikliranim uzorcima

Table 1. Mean number of cycles required for nonthermocycled
samples to crack and fracture by dynamic load

Tablica 2. Rezultati mjerenja dinamicke izdrzljivosti na termo-
cikliranim uzorcima

Table 2. Mean number of cycles required for thermocycled
samples to crack and fracture by dynamic load

NETERMOCIKLIRANI UZORCI NETERMOCIKLIRANI UZORCI
NONTHERMOCYCLED SAMPLES NONTHERMOCYCLED SAMPLES
PUKOTINA / CRACK LOM / FRACTURE PUKOTINA / CRACK LOM / FRACTURE
Fg/N Broj ciklusa (n) Broj ciklusa (n) Fe/N Broj ciklusa (n) Broj ciklusa (n)
Apsolutna Srednja Apsolutna Srednja Apsolutna Srednja Apsolutna Srednja
vrijednost vrijednost vrijednost vrijednost vrijednost vrijednost vrijednost vrijednost
No. of Cycles Mean No. of Cycles Mean No. of Cycles Mean No. of Cycles Mean
5000000 5000000 5000000 5000000
550 | 5000000 5000000 5000000 5000000 550 | 4750000 4750000 5000000 5000000
5000000 5000000 4500000 5000000
5000000 5000000 3800000 5000000
650 | 5000000 5000000 5000000 5000000 650 | 3000000 3160000 4850000 4750000
5000000 5000000 2680000 4400000
5000000 5000000 3250000 5000000
750 | 5000000 5000000 5000000 5000000 750 | 3000000 2725000 4625000 4675000
5000000 5000000 1925000 4400000
5000000 5000000 980000 3900000
850 | 3800000 3630500 5000000 5000000 850 600000 640000 2400000 2670000
2091500 5000000 340000 1710000
2490000 2700000 520000 2100000
900 | 2003000 1831000 1900000 1895000 900 430000 420000 1085000 1345000
1000000 1085000 310000 850000
950000 1121000 480000 990000
1000 750000 700000 1000000 1007000 1000 350000 330000 780000 744000
400000 900000 160000 462000
580000 780000 550 550
1100 420000 400500 600000 620000 1100 450 500 450 500
201500 : 480000 500 500
246000 570500 490 490
1200 181800 181600 408000 408500 1200 370 380 370 380
117000 247000 280 280

Tablica 3. Rezultati statistickog testiranja razlike prosjeka broja ciklusa do pojave pukotine termocikliranih i netermocikliranih uzoraka
Table 3.  Results of statistical analyses of difference in the average number of cycles needed for themocycled and nonthermocycled

samples to crack

Opterecenje / Load Presjeci / Mean Standardna / Standard Standardna / Standard t=
Fg/N broja ciklusa / No. of Cycles | devijacija / Deviation SD pogreska / Error SE vrijednosti / Value df P
850 3630500 141639,80 843878,10 3,46 4 0,03
640000 321864,50 185831,50
900 1831000 759745,40 438639,20 3,19 4 0,03
420000 105356,50 60827,60
1000 700000 278388,20 160727,50 2,99 4 0,02
330000 160934,80 92915,70
1100 400500 190001,90 109697,30 3,65 4 0,02
500 50,00 28,87
1200 181600 64500,20 37239,20 4,87 4 0,01
380 105,36 60,80
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termocikliranim i termocikliranim uzorcima pojav-
ljuje na razini 0,05 i manje. Iz toga se moze zaklju-
¢iti da lom izmedu metala i keramike u termocikli-
ranih uzoraka nastaje nakon statisticki znacajno ma-
njeg broja ciklusa nego u netermocikliranih uzora-
ka pri jednakim opterecenjima.

Rasprava

Usporedbom rezultata mjerenja dviju skupina is-
traZivanih uzoraka moZze se zapaziti da su najvece
opterecenje Fg=850N izdrzali netermocikirani uzor-
cii tu vrijednost moZemo smatrati trajnom dinamic-
kom izdrzljivoséu za istaZivane uzorke. Najmanje
granic¢no opterecenje potrebno da prouzro¢i lom kod
termocikliranih uzoraka za 28% je manje nego kod
netermocikliranih i iznosi Fg=550N, §to se mozZe
smatrati trajnom dinamickom izdrZljivo$cu istraZi-
vanih termocikliranih uzoraka.

Nasi rezultati u kvantitativnom smislu poduda-
raju se djelomice s rezultatima Moormanna (12).
Metalkeramicki sustav Oceramduo-Duceragold po-
kazao je jednaku ili do 20% bolju termostabilnost,
ovisno o vrsti metalkerami¢kog sustava koje je u
svojoj studiji istrazivao i usporedivao Moormann.

Potvrdu toj tezi nalazimo i u rezultatima Kapper-
ta (13) na istrazivanjima dinamicke izdrzljivosti ve-
ze razlicitih akrilata i Co-Cr slitine u kojih nakon
termocikliranja na 5 °C i 55 °C i 500000 ciklusa vri-
jednosti dinamicke izdrZljivosti padaju dvostruko
brze nego u istrazivanom sustavu Oceramduo-Du-
ceragold.

Statisticki znacajan utjecaj termocikliranja na di-
namicku izdrzljivost Ag-Pd slitine i hidrotermalne
keramike, dokazan u na8im istrazivanjima, potvrden
je 1 za sli¢ne sustave. To dokazuju rezultati Prob-
stera (14) za vezu titana i raznih keramika, Keila
(15) za Empress i InCeram keramiku, Shinkaia (16)
za kompozite, te Dixona (17) za vezu adheziva i me-
tala.

Zakljuéci

Temeljem dobivenih rezultata istrazivanja mogu

se donijeti sljedeci zakljucci:
1. Donja granica dinamiekih opterecenja za ne-
termociklirane uzorke metalkeramickog susta-

10.

11.

va Oceramduo-Duceragold iznosi 850N, a za
termociklirane 550N.

2. Pri jednakim opterecenjima na termociklira-
nim uzorcima lom nastaje u 30-50% manjem
broju ciklusa nego na termocikliranim uzor-
cima. '

3. Utjecaj termocikliranja na dinamicku izdrZlji-
vost spoja Ag-Pd slitine i hidrotermalne ke-
ramike je negativan, $to je i statisti¢ki po-
tvrdeno Studentovim t-testom (p < 0,05).
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Summary

The purpose of the present paper was to investigate the influence
of thermocycling on the fatigue strength of the Ag-Pd alloy and hydrot-
hermal ceramics interface. The investigation was performed on 48 sam-
ples made of Ag-Pd alloy frames (45x12x4 mm) on which the hydrot-
hermal ceramics were fused (25x12x2 mm). The specimens were divi-
ded into two groups. The first group of samples was dynamically loa-
ded immediately after working, while the other group of samples was
thermocycled (1000 times at 0 °C and 55 °C) before dynamic loading.
The dynamic loading tests were carried out by using the modified three-
-point load method by Schwickerath in Amsler’s high-frequency pulsa-
tor. The determined dynamic loading limit was up to 550N for ther-
mocycled samples, and up to 850N for non-thermocylied samples. A
statistically significant difference between maximal dynamic forces and
the number of loading cycles for both groups of samples was determi-
ned
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Introduction gth than the present systems. Many metalceramic sy-

stems presently in use have numerous advantages

The failure of the ceramics-to-metal interface
produces an uncomfortable situation for both pati-
ents and dentists. The aim of the dental industry is
to find a metalceramics system that will, in additi-
on to other characteristics, have higher fatigue stren-

and drawbacks related to different environment con-
ditions. Many authors have studied the bond stren-
gth between metal and ceramics (1-6). They mainly
used static tests, concerning different influence fac-
tors, such as pH and temperature changes. Thus,
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Herrmann (7) found that bond strength between ce-
ramics and Ni-Cr alloys reduces by 60% after hol-
ding the sample in a corrosive bath pH=4.2 for a pe-
riod of 10 days.

Pauli (8) proved that thermocycling reduces ce-
ramics strength by 6.18%-27.13%, depending on the
ceramic type.

Thurmond (9) showed that bond strength betwe-
en ceramic and composit is significantly reduced af-
ter thermocycling for a period of 2,500 cycles at
temperatures of 5 °C and 55 °C.

Kern (10) achieved the same results while exa-
mining the bond strength between Empress and In-
Ceram ceramics and adhesives after thermocycling
at temperatures of 5 °C and 55 °C for 18,750 cycles.
Research in dynamic loading has been neglected, as
compared to the static, and consenquently results are
rarely found in literature.

Schwickerath (11) investigated the dynamic pro-
perties of ceramics and showed that the bond bet-
ween ceramic and metal is reduced by 40% after
1,000 loading cycles, and by 50% after 1,000,000
cycles.

The purpose of the present paper was to investi-
gate the influence of thermocycling on the fatigue
strength of metalceramics and to confirm the hypot-
heses of different authors regarding the negative in-
fluence of thermocycling on the bond strength bet-
ween metal and a nonmetal layer.

Material and methods

The investigation was performed on 48 samples
made of Ag-Pd alloy (Oceramduo, Ogussa)
(45x12x4mm) on which 2 mm thick hydrothermal
ceramic (Duceragold, Ducera) was fused for a len-
gth of 25 mm. The specimens were divided into two
groups. The first group of 24 samples was dynami-
cally loaded immediately after smelting and firing.
The second group with the same number of samples
was thermocycled in water 1,000 times at tempera-
tures of 5 °C and 55 °C before dynamic loading. The
dynamic loading tests were carried out by using the
modified three-point load test by Schwickerath (11)
in Amsler’s high-frequency pulsator. The dynamic
force values were gradually increased from 550N to
1200N. The dynamic force values and number of
cycles was measured until a crack appeared, which

signified the end of the experiment. Student’s t-test
statistically confirmed the adverse effect of thermoc-
ycling on the bond between metal and ceramic, sho-
wing a significant difference between the fatigue
strength of the thermocycled and nonthermocycled
samples.

Results

For both groups of samples, the number of cy-
cles was measured for determined values of dyna-
mic loading with respect to the appearance of a
crack and fracture between the ceramic and metal
base, as shown in Tables 1 and 2. The tables show
that a crack in the non-thermocycled samples appe-
ared at force Fg=850N and after n=3,630,500 cycles,
while a fracture was observed at force Fg=900 N and
after n=1,895,000 cycles. In the thermocycled sam-
ples, a crack appeared at considerably lower valu-
es, i.e. at Fg=550 N and n=475,000 cycles, and a
fracture for the same number of cycles appears at
force Fg=650 N. The number of dynamic loading
cycles decreases proportionally with the increase in
force values of both groups of samples. This at for-
ce Fg=1200 N the crack appeared on non-thermoc-
ycled samples already after an average of 181,600
cycles, and fracture after 408,500 cycles. In the ther-
mocycled samples, fracture appeared almost simul-
taneously after on average only 380 cycles.

Table 3 shows the data used for statistical Stu-
dent’s t-test. Statistically important difference in the
average number of cycles necessary the occurrence
of for fracture on non-thermocycled and thermoc-
ycled samples appeared at the level of 0.05 and lo-
wer. Therefore, we can conclude that the fracture
between ceramic and metal in the thermocycled
samples appeared after a statistically significant lo-
wer number of cycles than in the non-thermocycled
samples at the same force.

Discussion

Comparison of the results for the two groups of
investigated samples leads to the conclusion that the
lower limit value of dynamic load where ceramic
and metal do not indicate fracture between them is
Fg=850 N for non-thermocycled samples. This va-
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