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Članek obravanava vpliv različnih dodanih količin predzlitine AITi5B1 in kontaktnih časov na velikost kristalnih zrn v zlitini 
AIMgSiO.5. Optimalne dodane količine predzlitine za nastanek drobnozrnate mikrostrukture so v mejah 0,8-1,2 kg AIV5B1/1 t taline. 
Velikost kristalnih zrn se spreminja s kontaktnimi časi; učinkovitost AITi5B1 se zmanjša po približno 80 minutah po dodatku AIV5B1 
v talino. Preizkusi so bili narejeni v laboratorijskih in industrijskih razmerah. Cenejši laboratorijski preizkusi omogočajo dovolj 
zanesljivo določevanje parametrov modificiranja zlitine AIMgSi0,5 z AITi5B1. 

Ključne besede: zmanjševanje zrn, AIMgSiO,5, AITi5B1 

The paper deals vvith the influence of various additives AITi5B1 and holding times on the grain size in the AIMgSi0.5 alloy. The 
optimal added quantities needed for the formation of fine grained microstructure are betvveen 0.8 and 1.2 kg AITi5B1 per tone. The 
grain size changed with holding times; the efficiency of AITi5B1 was reduced approximately 80 minutes after the master alloy was 
added into the melt. The experiments vvere made in laboratory and industrial conditions. The cheaper laboratory experiments 
enable to determine the grain-refining parameters for AIMgSi0.5 true enough in ihe comparison to industrial experiments. 

Key vvords: grain refining, AIMgSi0.5 alloy, AITi5B1 master alloy 

1 Uvod 

T i t a n i n b o r d o d a j a m o v t a l i n e a l u m i n i j a i n a l u m i n i -

j e v i h z l i t i n z n a m e n o m , d a n a s t a n e v p o l k o n t i n u i r n o u l i -

t i h b r a m a h i n d r o g o v i h d r o b n o z r n a t a m i k r o s t r u k t u r a 1 " 8 . 

O b a e l e m e n t a d o d a j a m o v o b l i k i p r e d z l i t i n v r s t e A l - T i - B 

z r a z l i č n i m i m a s n i m i r a z m e r j i T i : B 9 1 0 . T i t a n i n b o r s t a 

v p r e d z l i t i n a h v o b l i k i i n t e r m e t a l n i h s p o j i n A l . i T i i n T i B i . 

M e h a n i z e m n u k l e a c i j e v t a l i n i k o t p o s l e d i c a d o d a t k o v 

A l - T i - B š e n i p o p o l n o m a p o j a s n j e n . N a j p o g o s t e j e n a v a -

j a j o t e o r i j o , k i t e m e l j i n a p e r i t e k t i č n i r e a k c i j i m e d t a l i n o 

i n s p o j i n o A b T i 1 - 6 " " 1 2 . N e g l e d e n a v l o g o A b T i . T i B i , 

( A l T i ) x B y , a l i c e l o T i - k a r b i d o v p r i p r o c e s i h n u k l e a c i j e 

i n s t r j e v a n j a , t i d e l c i d o d a t n o n e s m e j o v p l i v a t i n a 

k v a l i t e t o v a l j a n i h a l i i z t i s k o v a n i h p o l i z d e l k o v . T r d i , n e -

t o p n i d e l c i n a o s n o v i b o r a m o r a j o b i t i v d r o b n i o b l i k i p o -

r a z d e l j e n i v m a t r i c i . P r i s o t n o s t t e h d e l c e v z v e l i k o s t j o 

n a d 5 ( i m j e v m n o g i h p r i m e r i h z e l o š k o d l j i v a 4 . U s t r e z n a 

m i k r o s t r u k t u r a i n t e h n o l o š k e l a s t n o s t i p o l i z d e l k o v s o 

z a t o o d v i s n e o d o p t i m a l n i h k o l i č i n d o d a n i h p r e d z l i t i n 

A l - T i - B , k i s o z n a č i l n e z a t e h n i č n i a l u m i n i j z r a z l i č n i m i 

č i s t o č a m i , k a k o r t u d i z a p o s a m e z n e a l u m i n i j e v e z l i t i n e 7 . 

U č i n e k p r e d z l i t i n v r s t e A l - T i - B n a z m a n j š a n j e k r i s t a l n i h 

z r n j e p o l e g k o l i č i n e i n s e s t a v e o s n o v n e g a m a t e r i a l a o d -

v i s e n t u d i o d t e m p e r a t u r e t a l i n e , n a č i n a d o d a j a n j a 

p r e d z l i t i n e , k o n t a k t n e g a č a s a , h i t r o s t i u l i v a n j a i n s t r j e -

v a n j a . V p l i v i d o d a t k o v A l - T i - B i n n a š t e t i h p a r a m e t r o v n a 

v e l i k o s t k r i s t a l n i h z r n s o b i l i o b s e ž n o r a z i s k a n i p r e d v s e m 

' Prof, dr. Anion SMOLEJ 
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z a t e h n i č n i a l u m i n i j 1 " 1 2 . Č e p r a v s e t e p r e d z l i t i n e ž e d o l g o 

u p o r a b l j a j o v i n d u s t r i j s k i p r a k s i , p a o b s t a j a j o š e v e d n o 

p r o b l e m i z o p t i m a l n i m i p o g o j i u l i v a n j a i n k o l i č i n a m i d o -

d a n i h p r e d z l i t i n . S l e d n j e v e l j a p r e d v s e m z a a l u m i n i j e v e 

z l i t i n e . 

T o d e l o o b r a v n a v a s p r a k t i č n e g a v i d i k a v p l i v r a z -

l i č n i h d o d a n i h k o l i č i n p r e d z l i t i n e A l T i 5 B l i n k o n t a k t n i h 

č a s o v n a v e l i k o s t k r i s t a l n i h z r n z l i t i n e A l M g S i 0 , 5 . T a 

z l i t i n a s e v e l i k o u p o r a b l j a z a i z t i s k o v a n j e r a z l i č n i h p r o -

f i l o v , p a l i c i n c e v i . P r e i z k u s i s o b i l i n a r e j e n i v l a b o r a t o -

r i j s k i h i n i n d u s t r i j s k i h r a z m e r a h i n n e z a j e m a j o t e o -

r e t i č n e o b r a v n a v e p r o c e s o v n u k l e a c i j e . 

2 Eksperimentalno delo 

V p l i v r a z l i č n i h k o l i č i n A l T i 5 B l i n k o n t a k t n i h č a s o v 

n a v e l i k o s t k r i s t a l n i h z r n v z l i t i n i A l M g S i 0 , 5 j e b i l 

d o l o č e n s t r e m i e k s p e r i m e n t a l n i m i p o s t o p k i : 

Postopek 1: Z l i t i n a A l M g S i 0 , 5 ( 0 , 4 2 m . % S i , 0 , 1 5 

m . % F e , 0 , 4 5 m . % M g , 0 , 0 0 7 m . % T i ) z v s a k o k r a t n o 

m a s o 1 5 0 0 g j e b i l a s t a l j e n a v s r e d n j e f r e k v e n č n i i n d u k c i j -

s k i p e č i . P r e d z l i t i n a A l T i 5 B 1 ( 5 , 5 m . % T i , 1 , 1 m . % B ) v 

o b l i k i i n g o t a j e b i l a d o d a n a v t a l i n o 2 0 m i n u t p r e d u l i -

v a n j e m v l a b o r a t o r i j s k o k o k i l o . D o d a n e k o l i č i n e s o u s -

t r e z a l e n o m i n a l n e m u p o v e č a n j u t i t a n a v z l i t i n i o d 0 , 0 0 4 

d o 0 , 2 m . % . D e j a n s k e v s e b n o s t i t i t a n a s o v p o v p r e č j u 

o d s t o p a l e z a p r i b l i ž n o 1 2 % o d p r e d v i d e n e v s e b n o s t i . N a -

m e n p r e i z k u s a j e b i l u g o t o v i t e v o p t i m a l n i h k o l i č i n 

A l T i 5 B 1 z a n a s t a n e k d r o b n o z r n a t e m i k r o s t r u k t u r e . D e -

t a j l n i o p i s p r e i z k u s a j e p o d a n v p r e d h o d n i o b j a v i 7 . 
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Slika 1: Število zrn/mm2 in povprečna velikost zrn v odvisnosti od 
vsebnosti dodanega titana oziroma količine predzlitine AlTi5Bl (ingot) 
v AlMgSiO,5. Rezultati veljajo za postopek 1 
Figure 1: Number of grains per mm2 and an average grain size in 
AlMgSi0.5 depending on the added Ti content, and the quantity of 
AlMgSi0.5 master alloy (ingot) respectively. The results are valid for 
experimental procedure 1 

Postopek 2: Z l i t i n a A l M g S i O , 5 ( 0 , 4 6 m . % S i , 0 , 1 4 

t n . % F e , 0 , 4 5 m . % M g , 0 , 0 1 3 m . % T i ) j e b i l a i z d e l a n a v 

i n d u s t r i j s k i h r a z m e r a h v l i v a r n i T A L U M - a . P r e d z l i t i n a 

A l T i 5 B l v o b l i k i ž i c e i n i n g o t o v j e b i l a d o d a n a v t a l i n o 

s p o t a p l j a n j e e m v u l i v n i p e č i . D o d a n e k o l i č i n e s o b i l e o d 

0 , 5 d o 2 k g A l T i 5 B 1 / 1 t t a l i n e . K o n t a k t n i č a s i s o b i l i d o 

2 6 5 m i n u t . T a l i n e s o b i l e u l i t e p o p o l k o n t i n u i r n e m p o s -

t o p k u v d r o g o v e s p r e m e r o m 1 9 5 m m . K v a n t i t a t i v a n a 

m e t a l o g r a f s k a a n a l i z a k r i s t a l n i h z r n j e b i l a n a r e j e n a n a 

s t a l n i h g e o m e t r i j s k i h m e s t i h u l i t i h d r o g o v . N a m e n 

p r e i z k u š a j o b i l d o l o č i t e v d o d a n i h k o l i č i n p r e d z l i t i n e i n 

k o n t a k t n i h č a s o v n a v e l i k o s t k r i s t a l n i h z r n p r i d e j a n s k i h 

i n d u s t r i j s k i h r a z m e r a h u l i v a n j a . 

Postopek 3: I n d u s t r i j s k o i z d e l a n a t a l i n a j e b i l a 

v z p o r e d n o u l i t a v l a b o r a t o r i j s k o k o k i l o , k i j e b i l a o g r e t a 

n a 2 0 0 ° C . V s a k o u l i v a n j e j e p o t e k a l o v t r e n u t k u , k o j e 

b i l a o d l i t a p o l o v i c a d o l ž i n e d r o g a . N a m e n p r e i z k u s a j e 

b i l . d a s e p r i m e r j a l n o u g o t o v i v p l i v k o l i č i n e p r e d z l i t i n e 

i n k o n t a k t n i h č a s o v n a v e l i k o s t z r n p r i l a b o r a t o r i j s k i h i n 

d e j a n s k i h i n d u s t r i j s k i h r a z m e r a h . 

3 Rezultati preiskav in diskusija 

V z l i t i n i A l M g S i O , 5 n a s t a n e j o p o postopku 1 k r i s -

t a l n a z r n a z v e l i k o s t j o p o d 2 2 0 | i m p r i d o d a t k u 0 , 5 5 k g 

A l T i 5 B 1 / 1 t o n o t a l i n e , k a r o d g o v a r j a p o v e č a n i v s e b n o s t i 

t i t a n a v z l i t i n i z a 0 , 0 0 3 m . % (sliki 1 in 2 ) . T a d o d a t e k 

z m a n j š a p o v p r e č n o v e l i k o s t z r n z a p r i b l i ž n o 3 - k r a t ( T a -

bela 1). 
P r i i n d u s t r i j s k i h p r e i z k u s i h s o b i l i d o d a t k i p r e d z l i t i n 

v o b l i k i ž i c i n i n g o t o v o d 0 , 5 d o 2 , 0 k g A l T i 5 B l / l t 

t a l i n e . T e k o l i č i n e s o b i l e i z b r a n e n a o s n o v i l a b o r a t o r i j -

s k i h p r e i z k u s o v (postopek 1), k a t e r i h r e z u l t a t i s o o m o -

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

k u s o v . N a sliki 3 s o p r i m e r j a l n o p r i k a z a n e p o v p r e č n e 

0 0,003 0,006 0,009 0,011 0,018% Ti 

0,024 0,034 0,05 0,195 % Ti 
Slika 2: Makrostruktura ulitkov AlMgSi0.5 v odvisnosti od vsebnosti dodanega titana. Rezultati veljajo za postopek I 
Figure 2: Microstructure of AlMgSi0.5 castings depending on the added Ti content. The results are valid for the experimental procedure l 



v e l i k o s t i k r i s t a l n i h z r n v o d v i s n o s t i o d d o d a n i h k o l i č i n 

A l T i 5 B 1 z a postopka J in 3. V e l i k o s t k r i s t a l n i h z r n s e v 

v s e h p r i m e r i h n a j b o l j z m a n j š a p r i d o d a t k i h d o p r i b l i ž n o 

1 k g A l T i B l / 1 t t a l i n e . P o t e k i k r i v u l j s o p o d o b n i z a o b a 

p o s t o p k a . R a z l i k a v v e l i k o s t i k r i s t a l n i h z r n m e d o b e m a 

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

i z h o d n i h p r e i z k u s n i h z l i t i n a h (postopek 1: 0 , 0 0 7 m . % T i ; 

postopek 3: 0 , 0 1 6 m . % T i ) i n r a z l i č n i h t e m p e r a t u r a h u l i -

v a n j a (postopek 1: 7 2 0 ° C ; postopek 3: 6 7 5 ° C ) . N a j v e č j a 

p o t r e b n a k o l i č i n a z a n a s t a n e k d r o b n i h k r i s t a l n i h z r n j e 

0 , 8 d o 1 , 2 k g A l T i 5 B 1 / 1 t t a l i n e , k a r o d g o v a r j a p o v e č a n i 

v s e b n o s t i t i t a n a z a 0 , 0 0 5 d o 0 , 0 0 7 m . % . N a d a l j n j i d o -

d a t k i n e z n a t n o v p l i v a j o n a z m a n j š a n j e z r n . 

Tabela 1: Nekatere vrednosti števila zrn/mm2 in povprečnih velikosti 
zrn v odvisnosti od vsebnosti dodanega titana v AIMgSi0,5 (postopek 
I) 
Table t : Some values of number of grains per mm", and of average 
grain size depending on the added Ti content in AIMgSi0.5 alloy 

Ti AlTi5B 1 Število Velikost zrn 
m % kg/ l t taline z rn /mm 2 (itn 
0 ,0 0,0 6 607 

0 ,003 0,55 21 221 
0 ,006 1,1 33 172 

V p l i v d o d a t k o v A l T i 5 B l n a v e l i k o s t z r n v p o l k o n -

t i n u i r n o u l i t i h d r o g o v i h j e p r i k a z a n n a s l i k i 4. K r i s t a l n a 

z r n a s e p r i e n a k i h d o d a n i h k o l i č i n a h m a n j š a j o n a e n a k 

n a č i n k o t p r i l a b o r a t o r i j s k i h p r e i z k u s i h . V e l i k o s t z r n v 

d r o g o v i h j e m a n j š a v p r i m e r j a v i z l a b o r a t o r i j s k i m i u l i t k i 

z a r a d i d r u g a č n i h u l i v n i h p o g o j e v i n n a č i n o v s t r j e v a n j a , 

k i s e z l a b o r a t o r i j s k i m i p r e i z k u s i n e d a j o s i m u l i r a t i . P r i 

t e h n i č n e m a l u m i n i j u j e b i l o m e r i l o z a o c e n o u č i n k o v i t o -

s t i m o d i f i c i r a n j a v e l i k o s t z r n 2 2 0 | 4 m 7 . Z r n a z l i t i n e , k i j e 

b i l a i z d e l a n a v i n d u s t r i j s k i h r a z m e r a h , i m a j o t o v e l i k o s t 

ž e b r e z d o d a t k o v A l T i 5 B l . M e r i l o z a o p t i m a l n o k o l i č i n o 

A l T i 5 B l j e b i l o z a t o p r e v o j n o p o d r o č j e v k r i v u l j i v e l i -

k o s t z r n - d o d a n a k o l i č i n a A l T i 5 B l , k j e r s e z m a n j š a n j e 

z r n z a č n e n e z n a t n o s p r e m i n j a t i . I z r e z u l t a t o v i n d u s t r i j -

s k i h p r e i z k u s o v j e r a z v i d n o , d a j e p r e d z l i t i n a v o b l i k i 

ž i c e u č i n k o v i t e j š a o d i n g o t a ( S l i k a 4) . 

V e l i k o s t k r i s t a l n i h z r n s e p r i v s e h p r e i z k u s n i h 

r a z m e r a h s p r e m i n j a s k o n t a k t n i m č a s o m ( S l i k a 5) . T o j e 

č a s , k i p o t e č e m e d d o v a j a n j e m A l - T i - B v t a l i n o i n z a č e t -

k o m s t r j e v a n j a . V č a s o v n e m i n t e r v a l u 3 0 d o 8 0 m i n u t 

n a s t a j a j o p o s t r j e v a n j u n a j m a n j š a z r n a , k i s o p r i 

u p o r a b l j e n i h p r e i z k u s n i h r a z m e r a h v e l i k o s t n e g a r e d a 1 4 0 

( i m . P o d a l j š i h k o n t a k t n i h č a s i h n a s t a j a j o v e č j a k r i s t a l n a 

z r n a p r i v s e h d o d a n i h k o l i č i n a h p r e d z l i t i n e . S p r e m e m b e 

Postopek 3 AlTi5B1 (žica) 
•—• —11— (ingot) 
+—h postopek 1 Al Ti5B1 (ingoti 

100 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

Dodatek Al Ti 5 BI (kg/t) 
Slika 3: Povprečna velikost zrn zlitine AlMgSi0,5 v odvisnosti od 
dodanih količin A1TL5B1 za postopka I in 3 
Figure 3: Average grain size in AlMgSi0.5 depending on the added 
AITi5BI quantities for the procedures 1 and 3 
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Slika 4: Povprečna velikost zrn v odvisnosti od dodanih količin 
AlTi5Bl v polkontinuirno ulitih drogovih AlMgSi0,5 (postopek 2) in 
laboratorijskih ulitkih (postopek 1) 
Figure 4: Average grain size depending on the added quantities of 
AlTi5BI into the DC čast logs of AlMgSi0.5 (procedure 2) and into 
laboratory castings (procedure 1) 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Dodatek Al Ti 5 BI (kg/t) 



Kontaktni čas (min) 
Slika 5: Velikost zrn zlitine AlMgSiO,5 v odvisnosti od kontaktnih 
časov pri različnih dodanih količinah AlTi5Bl (žica). Preiskusi so bili 
narejeni z ulivanjem industrijsko izdelane taline v laboratorijsko kokilo 
(postopek 3) 
Figure 5: Grain size in AlMgSi0.5 depending on the holding times at 
various added quantities of AlTi5Bl (vvire). The experiments were 
made by casting of the industrially made melt into laboratory mold 
(procedure 3) 

v e l i k o s t i z r n v o d v i s n o s t i o d k o n t a k t n i h č a s o v s o v p o l -

k o n t i n u i r n o u l i t i h d r o g o v i h p o d o b n e k o t v l a b o r a t o r i j -

s k i h u l i t k i h . K r i s t a l n a z r n a s e v e č a j o p o 8 0 d o 1 0 0 m i n u -

t a h . N a r a š č a n j e z r n j e m a n j i z r a z i t o k o t v l a b o r a t o r i j s k i h 

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

d a t k i A l T i 5 B l (slika 6 ) . Z m a n j š a n j e u č i n k o v i t o s t i 

A l T i 5 B 1 p o d a l j š i h k o n t a k t n i h č a s i h j e d o m n e v n o p o s l e -

d i c a r a z t a p l j a n j a t i t a n o v i h i n t e r m e t a l n i h d e l c e v i z p r e d -

z l i t i n e , k a r z m a n j š a š t e v i l o h e t e r o g e n i h k a l i . V p r a k s i s e 

p r i a v t o m a t i z i r a n e m p o t a p l j a n j u p r e d z l i t i n e v t a l i n o 

u p o r a b l j a j o k r a j š i k o n t a k t n i č a s i , k o t s o b i l i u p o r a b l j e n i v 

t e m d e l u . D a l j š i k o n t a k t n i č a s i s o b i l i i z b r a n i z n a -

m e n o m , d a b i u g o t o v i l i z g o r n j o č a s o v n o m e j o , k o j e 

A l T i 5 B 1 š e u č i n k o v i t . 

O d v i s n o s t i v e l i k o s t i z r n o d k o n t a k t n i h č a s o v i n d o -

d a n i h k o l i č i n A l T i 5 B l s o p o d o b n e z a l a b o r a t o r i j s k o 

(postopek 1) i n i n d u s t r i j s k o i z d e l a n e t a l i n e , k i s o b i l e 

u l i t e v d r o g o v e (postopek 2 ) i n v l a b o r a t o r i j s k o k o k i l o 

(postopek 3). R a z l i k e s o p r e d v s e m v v e l i k o s t i k r i s t a l n i h 

z r n z a p o s a m e z n e s k u p i n e p r e i z k u s o v . T e r a z l i k e s o 

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

l j i v i h u l i v n i h p a r a m e t r o v i n n a č i n o v s t r j e v a n j a t a l i n e v 

l a b o r a t o r i j s k i k o k i l i i n i n d u s t r i j s k i k o k i l i - k r i s t a -

l i z a t o r j u . S i m u l a c i j a t a l j e n j a , m o d i f i c i r a n j a , u l i v a n j a i n 

s t r j e v a n j a v l a b o r a t o r i j s k i h r a z m e r a h o m o g o č a d o v o l j 

z a n e s l j i v o d o l o č e v a n j e p a r a m e t r o v m o d i f i c i r a n j a z a n a -

s t a n e k o p t i m a l n e m i k r o s t r u k t u r e z l i t i n e A l M g S i O , 5 i n 

Slika 6: Velikost zrn zlitine AlMgSi0,5 v odvisnosti od kontaktnih 
časov pri različnih dodanih količinah AITi5BI (žica). Preiskusi so bili 
narejeni s polkontinuirnim ulivanjem taline v drogove (postopek 2) 
Figure 6: Grain size in AlMgSi0.5 depending on the holding times at 
various added quantities of AlTi5Bl (vvire). The experiments were 
made by DC casting industrially made melt into the logs (procedure 2) 

t u d i d r u g i h z l i t i n v p r i m e r j a v i s p r e i z k u s i m o d i f i c i r a n j a v 

i n d u s t r i j s k i h r a z m e r a h , k i s o d r a g i i n d o l g o t r a j n i . 

4 Sklepi 

D o l o č e n j e b i l v p l i v d o d a t k o v A l T i 5 B l i n k o n t a k t n i h 

č a s o v n a m i k r o s t r u k t u r o z l i t i n e A l M g S i 0 , 5 p r i l a b o r a t o -

r i j s k i h i n i n d u s t r i j s k i h r a z m e r a h d e l a . G l a v n i r e z u l t a t i 

p r e i s k a v e s o n a s l e d n j i : 

1 . V e l i k o s t k r i s t a l n i h z r n v z l i t i n i s e u č i n k o v i t o z m a n j -

š u j e l e d o d o d a t k a p r i b l i ž n o 1 k g A l T i 5 B 1 / 1 t t a l i n e . 

2 . V e l i k o s t k r i s t a l n i h z r n s e s p r e m i n j a s k o n t a k t n i m i 

č a s i . K r i s t a l n a z r n a n a r a š č a j o p o k o n t a k t n i h č a s i h , k i 

s o d a l j š i o d 8 0 m i n u t . 

3 . O d v i s n o s t i v e l i k o s t i k r i s t a l n i h z r n o d d o d a n i h k o l i č i n 

A l T i 5 B 1 i n k o n t a k t n i h č a s o v s o p o d o b n e z a l a b o r a t o -

r i j s k o i n p o l k o n t i n u i r n o u l i t o z l i t i n o . S i m u l a c i j a 

m o d i f i c i r a n j a p r i l a b o r a t o r i j s k i h r a z m e r a h o m o g o č a 

d o v o l j z a n e s l j i v o d o l o č a n j e p a r a m e t r o v m o d i f i c i r a n j a 

z a n a s t a n e k o p t i m a l n e m i k r o s t r u k t u r e z l i t i n e 

A l M g S i O , 5 i n t u d i d r u g i h a l u m i n i j e v i h z l i t i n . 
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