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V zobozdravstvu se že nekaj časa uporabljajo t.i. porcelanske zlitine za izdelavo zoboprotetičnih 
izdelkov. V bistvu so to dentalne zlitine, ki sodijo v sistem Ag-Pd-Au-Cu-Zn, in so i/ kontaktu s 
porcelanom. Kvaliteta zoboprotetičnega izdelka je odvisna predvsem od kvalitete spoja 
kovina-keramika. Z uporabnega stališča je koristno podrobnejše poznavanje faznih razmer in 
morfologije mikrostruktur zlitin v tem sistemu. Vsem zlitinam smo dodajali 5 at. % oksidotvornega 
indija. S pomočjo rentgenske in metalografske analize je bil izdelan izotermni presek pri T = 700° C 
skozi prostorski diagram Ag-Pd-Au1-Cu-Zn5-ln5 (slika 1). V diagramu so prisotne faze: a-Pd(Au), 
o i -Ag(ln), o 2-Cu(Zn) in CuPd; to so faze, ki izhajajo iz obrobnih sistemov. Ugotovili nismo nobene 
nove ternerne faze. Iz diagrama lahko sklepamo, da se indij nahaja v fazah o in o i, deloma pa tudi 
v o 2 in CuPd. Dentalne oziroma porcelanske zlitine sodijo pri določeni vsebnosti Pd in Ag v 
relativno ozko enofazno področje o-n,. Preiskati moramo njihovo sposobnost vezave kovine s 
porcelanom pri izbranem indiju. 

We researched system Ag-Pd-Au1-Cu-Zn5 with 5 at.% In in ali of alloys. Some of the alloys in these 
system are used in dentistry as so colled porcelain-alloys. Except for some partial investigations and 
reports nothing is published. 
By means of the X-ray and metallographie analyses was made the isothermai section of the system 
Ag-Pd-Au1 -Cu-Zn5-ln5 at 700° C (Fig. 1). Phases o-Pd(Au, Ag); o , -Ag(Pd, In); až-Cu(Zn) and 
CuPd can be seen in the diagram. These are the phases appearing from boundary systems. No 
new ternary phase has been found. From the diagram we can see that indium can be found in 
phases o and o, and partly also in o 2 and CuPd. 
Dental ailoys belong at particulary concentration of Pd and Ag to the narrow one-phase region 
o -o i. Their ability of binding porcelain-metal has to be researched. 
This work was done in laboratory of development department in Zlatarna Celje and at department 
for metallography of the University in Ljubljana. The research was financialy supported by Zlatarne 
Celje. 

1 Uvod 

K e r j e p o m e m b e n d e l p r o i z v o d n j e Z l a t a r n e C e l j e d e n -
ta ln i p r o g r a m s p o m e m b n i m d e l e ž e m d e n t a l n i h z l i t i n , s m o 
n a š e p r e i s k a v e u s m e r i l i v p o d r o č j e r a z v o j a in o p t i m i -
r a n j a t eh z l i t i n . D e l t e g a p r o g r a m a s o p o r c e l a n s k e z l i -
t i n e za i z d e l a v o z o b o p r o t e t i č n i h i z d e l k o v v p o r c e l a n s k i 
t e h n i k i , k j e r j e k o v i n s k a z l i t i n a n o s i l e c z o b o p r o t e t i č n e g a 
n a d o m e s t k a , n a k a t e r e g a j e n a n e š e n — p r i p e č e n p o r c e l a n . 

P r e d n o s t i te t e h n o l o g i j e s o v m a n j š i p o r a b i d r a g e z l i -
t i n e , b o l j š e e s t e t s k e l a s t n o s t i ( p o r c e l a n i m a b a r v o s k l e -
n i n e ) t e r p o p o l n a k o r o z i j s k a o b s t o j n o s t v u s t n e m m e d i j u . 
P o m a n k l j i v o s t te t e h n o l o g i j e j e v i s o k a t r d o t a k e r a m i k e v 
p r i m e r j a v i s t r d o t o s k l e n i n e z o b a , k r h k o s t p o r c e l a n a t e r 
t e ž e d o s e ž e n a k v a l i t e t a s p o j a k o v i n a - k e r a m i k a . K v a l i t e t a 

i z d e l k a j e o d v i s n a o d n a t a n č n o s t i d i m e n z i j z o b o p r o t e t i č n e g a 
n a d o m e s t k a i n k v a l i t e t e s p o j a k o v i n a - k e r a m i k a 1 , n a k a t e r o 
v p l i v a h r a p a v a p o v r š i n a k o v i n e , k i z a r a d i v e č j e r e a k c i j s k e 
p o v r š i n e m e d k o v i n o i n p o r c e l a n o m p o v e č a m e h a n s k o t r d -

n o s t s p o j a . Pr i p r o c e s u p e č e n j a p o r c e l a n a p o t e k a v s p o j u d i -
f u z i j a k o v i n s k i h a t o m o v v m e j n o p l a s t , p r i č e m e r s e t v o r i j o 
o k s i d i 1 . P r e p l e t e n o s t k o v i n s k i h in n e k o v i n s k i h o k s i d o v j e 
v b i s t v u v e z m e d o s n o v n o k o v i n o in k e r a m i k o . Z a t o j e 
p o t r e b n o , d a z l i t i n a m , ki s e u p o r a b l j a j o v t e n a m e n e , d o -
d a j a m o t a k e k o v i n e , k i t v o r i j o s t a b i l n e o k s i d e , p r i č e m e r 
j e p o t r e b n o u p o š t e v a t i l i n e a r n i r a z t e z n i k o e f i c i e n t z l i t i n e in 
p o r c e l a n a , k a r j e p o m e m b n o t u d i z a t r d n o s t p o r c e l a n a . 

Z a o k s i d o t v o m o k o v i n o s m o u p o r a b i l i i n d i j , k i s m o g a 
d o d a j a l i z l i t i n a m v s i s t e m u A g - P d - A u - C u - Z n " ' " 5 , k i j e o s -
n o v n i s i s t e m s r e b r o — p a l a d i j e v i h d e n t a l n i h z l i t i n , k i s m o j i h 
r a z v i j a l i s š t u d i j e m t e r n e r n i h s i s t e m o v 4 , 5 . T u s e j e p o s t a v i l o 
v p r a š a n j e , k a t e r a j e t i s t a k r i t i č n a k o n c e n t r a c i j a i n d i j a , k i n a j 
b i z a g o t o v i l a t r d e n s p o j m e d k o v i n o in p o r c e l a n o m ? Z l i t i n a 
z a z o b o t e h n i č n i i z d e l e k j e h o m o g e n a e n o f a z n a d e n t a l n a z l -
i t i n a . N o s i l e c i n d i j a n a j bi b i l n a s i č e n a r a z t o p i n a s r e b r a 
o z i r o m a p a l a d i j a , p o j a v n e k e i n d i j e v e f a z e p a b i e f e k t i n -
d i j a k o t o k s i d o t v o r c a v e r j e t n o z m a n j š a l . 
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0 - dvofazno oc • Cu Pd 
{) - d v o f a z n o oc,->CuPd 
f - dvofazno o t , * cx-2 

^ - t r o f a z n o cx_z * CuPd 
A - t r o f a z n o * oc.2 • Cu Pd 

•Slika 1. Izotermni presek sistema Ag-Pd-Aul -Cu-Zn5- In5 pri T = 7 0 0 ° C . 

Figure 1. Phase Diagram Ag-Pd-Au 1 -Cu-Zn5-In5—Isothermal Section at 7 0 0 ° C . 
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2 Metode dela 

Z a i z d e l a v o z l i t i n s m o u p o r a b i l i k o v i n e č i s t o č e > 
9 9 . 5 m % . C i n k s m o d o d a j a l i s p r e d z l i t i n o C u Z n 2 0 in 
C u Z n l O . Z l i t i n e s o b i l e t a l j e n e v e v a k u i r a n i h k v a r č n i h a m -
p u l a h . P r i i z d e l a v i z l i t i n i z g u b e z a r a d i z a t e h t e in i z g o r a 
n i s o p r e s e g a l e v r e d n o s t i 0 . 1 % , z a t o z l i t i n e n i s m o k e m i č n o 
a n a l i z i r a l i . Z l i t i n e ( r e g u l u s i n p r a h ) s o b i l e r a z l i č n o d o l g o 
ž a r j e n e ( T = 7 0 0 ° C ) , n a t o p a g a š e n e v l e d e n o m r z l i 
v o d i . R e n t g e n s k o p r e i s k a v o s m o i z v e d l i p o m e t o d i G u i n i e r 
( C u K o i ) . P r i v r e d n o t e n j u m r e ž n i h p a r a m e t r o v f a z v t e r n e r -
n e m p o d r o č j u s m o u p o r a b i l i v r e d n o s t i p a r a m e t r o v b i n a r n i h 
f a z . V z o r c i z a m e t a l o g r a f s k o p r e i s k a v o s o b i l i p r i p r a v l j e n i 
p o o b i č a j n i m e t a l o g r a f s k i t e h n i k i . J e d k a l i s m o z r a z t o p i n o 
F e C l i , z l a t o t o p k o in d e l o m a K C N . 

3 Rezultat i pre i skave 

S p o m o č j o r e n t g e n s k e i n m e t a l o g r a f s k e a n a l i z e s m o o b r a v -
n a v a l i f a z n e r a z m e r e in m i k r o s t r u k t u r o z l i t i n . V d i a -
g r a m u ( s l i k a 1) j e v i d n o o z k o e n o f a z n o o b m o č j e z m e s -
n i h k r i s t a l o v o - P d ( A u ) s p a r a m e t r o m m r e ž e a = 3 . 9 2 8 • 
1 0 ~ l o m ( t a b e l a 1), k i p r e h a j a v f a z o n i - A g ( l n ) . S l i k a 
2 k a ž e p r i m e r m i k r o s t r u k t u r e z l i t i n e v l i t e m s t a n j u 
A g l 5 P d 6 9 A u l C u 5 Z n 5 I n 5 iz p o d r o č j a o s t i p i č n o m o č n o 
r a z v e j a n o d e n d r i t s k o m o r f o l o g i j o . M i k r o s t r u k t u r o f a z e a i 
( j e d k a n o s F e C h ) , p r a v t a k o v l i t e m s t a n j u , p r e d s t a v l j a m o 
z z l i t i n o A g 6 5 P d 2 6 A u l Z n 3 I n 5 , k j e r v i d i m o k a r a k t e r i s t i č n e , 
n e h o m o g e n e , p l a s t n e k r i s t a l e . V d i a g r a m u s t a v i d n i š e e n o -
f a z n i p o d r o č j i : i n t e r m e t a l n a f a z a C u P d in f a z a o - j - C u ( Z n ) . 
F a z a C u P d j e p o m e m b e n s e s t a v n i d e l v t r o f a z n e m p o d r o č j u 
n a š e g a p r e s e k a . T a f a z a i z h a j a iz b i n a r n e g a s i s t e m a C u - P d 
in s e s k r o m n o r a z t e z a v t e r n e m o p o d r o č j e . M i k r o s t r u k -
t u r a f a z e C u P d j e p r e s t a v l j e n a s t o p l o t n o o b d e l a n o z l i t i n o 
A g 6 0 P d 2 9 A u l C u 5 I n 5 . 

P r i d e l u s m o u p o r a b i l i j e d k a l o F e C h . V m i k r o s t r u k t u r i 
t e z l i t i n e s o v i d n a t e m n a p o d r o č j a , k i p r e d s t a v l j a j o f a z o A g 

( I n , P d , A u ) , z n o t r a j k a t e r i h s o fini i z l o č k i C u P d . O p a z n a 
p a j e t u d i b e l a m r e ž a , k i p r e d s t a v l j a k o a g u l i r a n o f a z o 
C u P d . V s e k a k o r j e v m i k r o s t r u k t u r i o p a ž e n a š e d o l o č e n a 
h e t e r o g e n o s t . F a z a C u P d j e s i c e r k u b i č n a s p a r a m e t r o m 
m r e ž e a = 3 . 0 2 5 • 1 0 - U l m , v r e n t g e n o g r a m u t e f a z e 
p a o p a z i m o n a d s t r u k t u r n i l i n i j s k i s i s t e m , k a t e r e g a n e k a t e r e 
č r t e u s t r e z a j o t e t r a g o n a l n o s t i t e f a z e z o s n i m r a z m e r j e m 
c/a — 1 . 1 9 . T o d e j s t v o o p a z i m o t u d i v d r u g i h z l i t i -
n a h , k j e r s e p o j a v l j a f a z a C u P d . T o b o p o t r e b n o d o d a t n o 
p r e i s k a t i . Z l i t i n a A g 3 P d 4 6 A u l C u 4 0 Z n 5 I n 5 ( t o p l o t n o o b -
d e l a n a in j e d k a n a z z l a t o t o p k o ) p r e d s t a v l j a f a z o C u P d iz 
e n o f a z n e g a p o d r o č j a C u P d . V m i k r o s t r u k t u r i t e z l i t i n e s o 
o p a ž e n i v e l i k i k r i s t a l i t e f a z e . N a s l i k i 2 v i d i m o m i k r o s t r u k -
t u r o t o p l o t n o o b d e l a n e z l i t i n e A g l 5 P d 5 9 A u l C u l 5 Z n 5 I n 5 , 
v k a t e r i s t a p o l e g f a z e o , k i j e o s n o v n a , š e f a z a C u P d z 
d v e m a t i p o m a k r i s t a l i z a c i j e . p r i č e m e r j e p o s e b n o i z r a z i t 
r o z e t n i t ip . U p o r a b l j e n o j e d k a l o j e F e C h . 

D v o f a z n o p o d r o č j e (e»i + a 2 ) p r e d s t a v l j a m o z 
m i k r o s t r u k t u r o z l i t i n e A g 6 0 P d 4 A u l C u 2 5 Z n 5 I n 5 ( t o p l o t n o 
o b d e l a n e i n j e d k a n e z z l a t o t o p k o ) , k j e r v i d i m o f a z o A g 
( I n ) — s v e t l o i n f a z o a o — b e l o . I z t e g a p o d r o č j a n a v a -
j a m o š e m i k r o s t r u k t u r o z l i t i n e A g 5 P d 9 A u l C u 7 5 Z n 5 I n 5 
( l i t o s t a n j e , j e d k a n o z F e C l i ) , k j e r j e f a z a C u ( Z n ) s v e t l a s 
t i p i č n o k r i s t a l i z a c i j o v o b l i k i k o l o n i j ; f a z a a i p a j e t e m n a . 

T r o f a z n i p r o s t o r ( o , + a 2 + C u P d ) j e d o k u m e n t i -
r a n s š t e v i l n i m i z l i t i n a m i , k i s o r e n t g e n s k o i n m e t a -
l o g r a f s k o p r e i s k a n i in k i z a n e s l j i v o o m e j u j e j o t a p r o s -
to r , k i g a p r e d s t a v l j a m o s t o p l o t n o o b d e l a n o z l i t i n o 
A g 3 0 P d l 9 A u l C u 4 0 Z n 5 I n 5 . V m i k r o s t r u k t u r i t e z l i t i n e 
v i d i m o s v e t l o f a z o o i ( p a l i č a s t o ) , a 2 t e m n o , C u P d p a j e 
p r e d s t a v l j e n a s s v e t l i m i t o č k a m i v o b e h f a z a h . U p o r a b l j e n o 
j e d k a l o j e z l a t o t o p k a . 

P a r a m e t r i m r e ž e z n a š a j o z a f a z o a , : 4 . 0 4 7 • 1 0 " ' ' m . z a 
f a z o o 2 : 3 . 7 2 5 1 0 - l o m i n z a f a z o C u P d : 2 . 9 0 8 U ' r i n m . 
N e k a t e r e z l i t i n e v t e m p r o s t o r u i z k a z u j e j o f a z o o , k a r j e 



Ag 15Pd69Au 1 Cu5Zn5In5, 60 x A g 6 5 P d 2 6 A u l Z n 3 I n 5 , 120 x 

Ag3Pd46Au !Cu40Zn5In5, 1 2 0 x 

Ag60Pd4AulCu25Zn5In5 , 1 2 0 x 

Ag5Pd9AulCu75Zn5In5 , 300 x Ag30Pd 19Au !Cu40Zn5In5, 300 x 

A g 6 0 P d 2 9 A u l C u 5 I n 5 , 1 2 0 x 

A g l 5 P d 5 9 A u l C u l 5 Z n 5 I n 5 , 3 0 0 x 

Slika 2. Mikroslniklure zlitin. 

Figuro 2. Mikroslructures of Alloys. 



n n a d s t r u k t u r n i l i n i j s k i s i s t e m 

Tabela 1. Rentgenska analiza zlitin v sistemu a* - pa — Aui — Cu — Zn5 — In5 

S e s t a v a z l i t i n F a z n a M r e ž n i O p o m b a 

a t . % s e s t a v a p a r a m e t e r 

A g P d A u C u Z n In 1 0 " 1 0 m 

15 6 9 1 5 5 5 1 0 0 % o 3 . 9 2 8 

5 6 9 1 15 5 5 9 0 % o 3 . 8 8 8 

1 0 % C u P d 3 . 0 2 6 

2 5 5 9 1 5 5 5 85%. a 3 . 9 5 2 

1 5 % C u P d 3 . 0 6 8 

15 5 9 1 15 5 5 7 5 % o 3 . 9 3 3 

2 5 % C u P d 3 . 0 4 1 

4 2 4 9 1 - 3 5 9 5 % a i 4 . 0 4 9 

5 % C u P d 2 . 9 5 2 o , c/a = 1 14 

3 5 4 9 1 5 5 5 8 0 % o 4 . 0 1 1 

2 0 % C u P d 3 . 0 1 3 

3 4 6 1 4 0 5 5 1 0 0 % C u P d 3 . 0 2 5 

2 0 3 9 1 3 0 5 5 20%. n 4 . 0 2 1 

80%. C u P d 3 . 0 2 9 n 
6 0 2 9 1 5 5 80%. n i 4 . 0 4 9 

2 0 % C u P d 2 . 9 5 7 n, c/a — 1 1 9 

5 0 19 1 2 0 5 5 60%. a ! 4 . 0 5 3 

1 0 % a 2 3 . 7 4 1 

3 0 % C u P d 2 . 9 3 5 n, c/a = 1 1 9 

3 0 19 1 4 0 5 5 40%. n j 4 . 0 4 7 

4 0 % . o 2 3 . 7 2 5 

20%. C u P d 2 . 9 0 8 n, c/a — 1 /2 

15 14 1 6 0 5 5 3 0 % o 4 . 0 5 1 

6 0 % o 2 3 . 7 2 3 

1 0 % C u P d 3 . 1 5 6 

7 5 9 1 5 5 5 7 5 % a i 4 . 0 7 3 

2 5 % C u P d 3 . 1 1 8 

5 9 1 7 5 5 5 2 0 % a ! 4 . 4 9 8 

8 0 % a i 3 . 7 0 5 

9 0 4 1 - - 5 1 0 0 % a i 4 . 0 7 5 

6 0 4 1 2 5 5 5 7 0 % n , 4 . 0 5 7 

3 0 % ( i 2 3 . 7 4 4 

- - - 9 0 5 5 1 0 0 % a 2 3 . 6 6 8 

n e k o l i k o n e n a v a d n o , s o p a t o p o t r d i l e r e n t g e n s k e p r e i s k a v e . 
S p r i č o š i r o k e p a l e t e a t e r n e m i h r a z t o p i n , k i p r e h a j a j o v 
o i , j e t o m o g o č e . Z d i s e , d a s o v t e m s i s t e m u p r o c e s i 
d i f u z i j e z a p l e t e n i i n p o č a s n i i n t a k o z l i t i n e p o t r e b u j e j o p r e -
c e j č a s a , d a d o s e ž e j o t e r m o d i n a m s k o s t a b i l n o s t . V s e k a k o r 
b o p o t r e b n o n e k a t e r e z l i t i n e s s t a l i š č a t e r m o d i n a m i č n e g a 
r a v n o t e ž j a š e p r e v e r j a t i . 

M e t a l o g r a f s k a a n a l i z a j e d o s t i s k l a d n a s p o d a t k i r e n t g e n s k e 
a n a l i z e , č e p r a v s o tu m a n j š a o d s t o p a n j a , k a r g r e v e r j e t n o n a 
r a č u n p r e m a j h n e h o m o g e n i z a c i j e z l i t i n . 

4 Zaključek 

I z d e l a l i s m o i z o t e r m n i p r e s e k p r i T = 7 0 0 ° C s k o z i p r o s -
t o r s k i d i a g r a m A g - P d - A u l - C u - Z n 5 - I n 5 . V t e r n e r n e m 
p o d r o č j u d i a g r a m a v i d i m o r e l a t i v n o o z k o p o d r o č j e p a l a d i -
j e v i h ( a ) i n s r e b r o v i h ( q j ) t r d n i h r a z t o p i n , k a m o r s o d i j o 

d e n t a l n e z l i t i n e , k i s o v k o n t a k t u s p o r c e l a n o m . N o v i h i n -
t e r m e n t a l n i h f a z n i s m o u g o t o v i l i , č e p r a v j e b i l o t o t e o r e t s k o 
z a p r i č a k o v a t i , k a r p o s e b n o v e l j a z a p a l a d i j e v e i n i n d i j e v e 
f a z e 6 , 7 . A n a l i z a p o r a z d e l i t v e i n d i j a v p o e d i n i h f a z a h ni b i l a 
i z d e l a n a . Iz d i a g r a m a i n p o d a t k o v o t o p n o s t i i n d i j a v o s -
n o v n i h k o m p o n e n t a h s i s t e m a p a l a h k o s k l e p a m o , d a j e i n d i j 
n a v z o č v f a z a h a i n a i , d e l o m a p a t u d i v f a z a h a o i n C u P d . 
D e j a n s k o s p o s o b n o s t v e z a v e d e n t a l n i h z l i t i n o b r a v n a v a n e g a 
s i s t e m a n a p r a m p o r c e l a n u b o p o t r e b n o š e p r e i s k a t i . D a u g o -
t o v i m o r a c i o n a l n o v r e d n o s t i n d i j a v t e h z l i t i n a h , j e p o t r e b n o 
i z d e l a t i d o d a t n o i z o t e r m n i p r e s e k z a I n > 5 a t , % p r i s i c e r 
i s t i h p o g o j i h d e l a (T = 7 0 0 ° C , A u = l a t . % , Z n = 5 a t . % ) . 
P r a k t i č n a v r e d n o s t r a z i s k a v v o b r a v n a v a n e m s i s t e m u s e 
k a ž e v p o z n a v a n j u in u p o r a b i p o r c e l a n s k i h z l i t i n , k j e r j e 
d e l e ž z l a t a r e d u c i r a n n a m i n i m u m , m e d t e m k o s o o s t a l e 
f i z i k a l n e , k o r o z i j s k e in m e h a n s k e l a s t n o s t i v m e j a h , ki j i h 
p r e d p i s u j e j o s t a n d a r d i in z a h t e v a p r a k s a . 
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