
Razplinjanje prahov pred zgoščevanjem 

Degassing of Metal Povvders before their Consolidation 

M. Bizjak1, Oddelek za materiale in metalurgijo, NTF, Univerza v Ljubljani 
A. Pregelj, IEVT Ljubljana, B. Praček, ITPO Ljubljana 
Prejem rokopisa - received: 1996-10-04; sprejem za objavo - accepted for publication: 1997-04-21 

Hitro strjevanje, konsolidacija prahov, kosmičev, trakov sta omogočila izdelavo temperaturno obstojnih aluminijevih zlitin z elementi 
prehodne skupine periodnega sistema in kompozitov z aluminijevo matico. Raziskovali smo postopek razplinjanja in analizirali 
debeline oksidne plasti na trakovih zlitin z Augerjevo elektronsko spektroskopijo. Prikazan je tudi primer napak, nastalih med 
ekstruzijo neevakuiranih kontejnerjev. 

Ključne besede: oksidne plasti, razplinjanje, ekstrudiranje, zlitine Al-Fe-X 

The application of rapid solidification technology (RST) methods for the preparation of metal povvders, strips and flakes, follovved 
by their consolidation enable the manufacturing of Al-Fe-X alloys, as well as Al based metal matrix compozites (MMCs), usable at 
elevated temperatures. The formation of oxside layer on RST ribons/povvders, as well as degasing (evacuation) of metal containers 
filled vvith metal ribons/povvders is analysed and discussed in our work. Oxide layers formed on RST ribbons were analysed with 
Auger spectroscopy. An example of defects formed during hot extrusion of non-evacuated containers is also shovvn. 

Key vvords: Al-Fe-X based RST alloys, oxide films, degassing, hot extrusion 

1 Uvod 

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

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

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

p o z i t o v z o s n o v o A l i n a r m a t u r o i z S i C , A I 2 O 3 i t d . Z e l o 

d o b r e u p o r a b n e l a s t n o s t i ( t e m p e r a t u r n a s t a b i l n o s t , m o d u l 

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

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

t r i j i . 

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

p o v r š i n i s o o v i r a z a d o b r o v e z m e d d e l c i . N e g a t i v n i 

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

k r h k i o k s i d , k i s e z d r o b i i n e n a k o m e r n o p o r a z d e l i m e d 

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

r a n e p l i n e p a o d s t r a n i m o z r a z p l i n j a n j e m . 

2 Eksperimentalno delo 

T r a k o v e z l i t i n A l - F e - X ( X s o p r e h o d n i e l e m e n t i : Z r , 

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

v r t e č e m s e k o l u t u . T r a k o v e n e o m e j e n i h d o l ž i n s m o z d r o -

b i l i v k o s m i č e i n j i h h l a d n o i z o s t a t s k o s t i s n i l i ( C I P - c o u l d 

i s o s t a t i c p r e s i n g ) . C I P v z o r c e s m o v l o ž i l i v k o v i n s k e 

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

r a z p l i n i l i z u p o r a b o v a k u u m s k e g a s i s t e m a (slika 1). 
E v a k u i r a n e C I P v z o r c e , s e g r e t e n a t e m p e r a t u r o e k s t r u z i -

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

k l e š č a m i ( p i n c h o f f ) . P r i s t i s k a n j u j e n a s t a l h l a d e n h e r -

m e t i č e n z v a r . N a sliki 2 s o p r i k a z a n e e v a k u i r a n e p o s o d e 

s C I P v z o r c i . 

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

u n i v e r z i v C l a u s t h a l u ( N e m č i j a ) n a h o r i z o n t a l n i 4 0 0 M N 
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s t i s k a l n i c i p r i t l a k u 1 1 0 0 M P a s h i t r o s t j o 3 m / s p r i t e m -

p e r a t u r a h m e d 3 8 0 i n 4 4 0 ° C . 

G l o b i n s k i p r o f i l o k s i d n e p l a s t i t r a k o v s m o u g o t o v i l i s 

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

A r + i o n i j e b i l a n a s t a n d a r d u C r 2 0 3 4 n m / m i n . O k s i d e 

s m o i d e n t i f i c i r a l i z r e n t g e n s k o d i f r a k c i j o . 

3 Rezultati in diskusija 

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

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

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

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

p o v e č u r n e m č r p a n j u d o s e g l i t l a k 3 x 1 0 " 5 m b a r . V z r o k 

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

p l i n i h i n n a s l e d n j i h m o ž n i h r e a k c i j a h r a z p a d a A l - h i d r o k -

s i d o v 2 : 

A 1 2 0 3 * H 2 0 A 1 2 0 3 + H 2 0 + H 2 0 ( g ) 

A 1 2 0 3 * H 2 0 -h> A 1 2 0 3 + H 2 0 ( g ) 

2 A l + 3 H 2 0 A 1 2 0 3 + 3 H 2 ( g ) 

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

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

p r e d h o d n o r a z p l i n i t i . N a sliki 3a in 3b j e p r i k a z a n a 

p o v r š i n a e k s t r u d i r a n e g a n e e v a k u i r a n e g a i n e v a k u i r a n e g a 

v z o r c a . P r i n e e v a k u i r a n e m v z o r c u s o p o d p o v r š i n o u j e t i 

p l i n s k i m e h u r č k i , p r i e v a k u i r a n i h p a j e p o v r š i n a g l a d k a 

b r e z m e h u r j e v . 

D e b e l i n e o k s i d n i h p l a s t i h i t r o s t r j e n i h z l i t i n A l - F e - X , 

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

2 i n 1 5 n m i n s o o d v i s n e o d z l i t i n e t e r p o v r š i n e t r a k u . N a 

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

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

b i l a v k o n t a k t u z v a l j e m . R a z l i k a v d e b e l i n i j e n a s t a l a z a -

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



Slika 1: Shematski prikaz evakuiranja C1P vzorca v hermetično zaprti Al posodi 
Figure 1: Schematic display of evacuation the CIP samples in Al container 

Slika 2: Evakuirane posode s CIP vzorci 
Figure 2: Evacuated container vvith the CIP samples 

r a j o č e g a p l i n a s p o v r š i n o t r a k u . P r o s t a p o v r š i n a t r a k u j e 

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

h l a d i l n i m v a l j e m . D e b e l i n e o k s i d n i h p las t i so p o d a n e v 

tabeli 1. 
D e b e l i n e in s e s t a v a o k s i d n i h p las t i s o o d v i s n e tud i od 

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

m i z a c i j i so o k s i d n e p l a s t i v e č s t o k r a t d e b e l e j š e od d e b e -

342 

Tabela 1: Debeline oksidnih plasti na trakovih zlitin Al-Fe-X 

Vzorec Cas j edkan ja Debel ina oks idne 
traku (min) plasti (nm) 

gladka stran groba stran gladka stran groba stran 
Al-Fe 0,5 2,0 2 8 
Al-Fe-Zr 3,7 - 15 
Al-Fe-Zr-Si 1,0 2,0 4 8 
Al-Fe-V 1,5 - 6 



Slika 3: Površina ekstrudiranih C1P surovcev 
Figure 3: Surface after hot extrusion the CIP samples 
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Slika 4: Globinski profil za zlitino Al-Fe, a) zrak, b) argon 
Figure 4: AES depth profile of the oxide layers for Al-Fe alloys, a) air, b) argon 
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l i n e p l a s t i , n a s t a l i h p r i s t r j e v a n j u n a v r t e č e m s e k o l u t u . 

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

A I 2 O 3 i n A I 2 O 3 * 3 H 2 0 , k i s e p r e t v o r i j o v k r h k i y A h 0 3 . 

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

p l i n e H 2 O , O ? . . . . i n H 2 . N a sliki 4 j e p r i k a z a n g l o b i n s k i 

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

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

m o s f e r i A r , z a z l i t i n o A l - F e 8 m . % . 

4 Sklepi 

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

j e m C I P v z o r c e v a l i p r a š n i h m e š a n i c v v a k u u m s k i p o -

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

1 . C I P v z o r c e a l i p r a š n e m e š a n i c e v v a k u u m s k i p o s o d i 

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

2 . U p o r a b l j e n i p o s t o p e k r a z p l i n j e v a n j a v v a k u u m s k e m 

s i s t e m u j e u s p e š e n . 



3. R a z p l i n j e v a n j e j e o d v i s n o o d č a s a in t e m p e r a t u r e . 
T e m p e r a t u r a r a z p l i n j e v a n j a j e o d v i s n a od t e m p e r a t u r e 
e k s t r u d i r a n j a . 

4 . S e s t a v a in d e b e l i n a o k s i d n i h p l a s t i s t a o d v i s n i o d 
u p o r a b l j e n e g a p o s t o p k a h i t r e g a s t r j e v a n j a . 
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