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Drobljenje, mletje in sejanje ulite predzlitine je standarden postopek priprave kovinskih prahov za 
izdelavo in mletje A I N i C o anizotropnih trajnih magnetov. Ta postopek bi želeli zamenjati s 
tehnološko, ekonomsko in ekološko učinkovitejšim postopkom. Zato smo raziskovali možnosti 
uporabe postopka vodne atomizacije za izdelavo prahov na osnovi kobalta in železa primernih za 
izdelavo A I N i C o anizotropnih trajnih magnetov. Praktično delo nam je omogočila predvsem nova 
laboratorijsko pilotna naprava za vodno atomizacijo z induktivnim talilnim sistemom. Z ozirom na 
tehnološke značilnosti postopka vodne atomizacije smo izbrali primerno kemično sestavo vložka in 
določili osnovne tehnološke parametre atomizacije. Izdelanim prahovom smo določili osnovne 
morfološke lastnosti v odvisnosti od parametrov atomizacije. Lastnosti izdelanega prahu so v okviru 
pričakovanj in tehnoloških možnosti postopka vodne atomizacije. Izdelanim vodno atomiziranim 
prahovom smo primešali potrebne dodatke za korekcijo sestave in izboljšanje stisljivosti ter jih nato 
stiskali v preizkusne valjčke. Stisnjene surovce smo nato sistematično sintrali in toplotno obdelali v 
magnetnem polju pri različnih pogojih tako v laboratoriju, kot tudi na industrijskih napravah. 
Dosežene magnetne lastnosti obeh preiskovanih materialov (tip 400K in 1500) so podobne 
komercialnim vzorcem tega tipa. Pri tem moramo seveda upoštevati, da smo morali izhodno 
sestavo prilagoditi postopku vodne atomizacije. Tako smo stisljivost prahu povečali z dodatkom 
čistega železa Hoeganaes, reaktivni Ti in delno Al pa smo dodajali naknadno v obliki tržno 
dosegljivih prahov zlitin C o - T i - Al oziroma Ni - Ti - Al. 

Sintered A I N i C o anisotropic permanent magnets are produced from a mixture of povvders. The 
master alloy powder is produced conventionally by grinding and milling of a čast alloy. Our aim was 
to change this procedure with technologically, economically and ecologically a more effective powder 
preparation method. We therefore established the applicability of water atomization for the 
preparation of Fe - Co based metal powders. R & D work was made possible especially by the 
application of new pilot water atomizer recently installed and started up at the Institute of Metals and 
Technologies in Ljubljana. Proper chemical compositions and process parameters were determined 
on the basis of significant features of water atomization. The morphological properties of prepared 
povvders depending on the main influent parameters of water atomization were determined. The 
oxygen and carbon contents were also determined. The properties of prepared powders were in 
accordance with our expectations and technological possibilities of vvater atomization. Prepared 
powders vvere mixed with proper amount of soft pure iron powder (improvement of the 
compressibility), either Co - Ti - Al or Ni - T i - Al powder (prevention of oxidation of Ti and Al 
during vvater atomization) and 0.5 wt.% wax and compacted in green samples. Samples vvere then 
vacuum sintered and thermomagnetically treated at different conditions on the laboratory and 
industrial scale. Magnetical properties for both prepared materials ('AINiCo type 400K and type 
1500) are equal to commercial!y available foreign samples and better than the conventionally 
prepared materials. 

1 U v o d 

S t a n d a r d e n p o s t o p e k i z d e l a v e A I N i C o t r a j n i h m a g n e t o v 
p o t e k a v t o v a r n i I S K R A M a g n e t i p r e k o t a l j e n j a in u l i v a n j a 
p r e d z l i t i n e n a o s n o v i k o b a l t a ( C o ) in ž e l e z a ( F e ) z d o -

d a t k i n i k l j a ( N i ) , a l u m i n i j a ( A l ) in d r u g i h k o v i n ( C u , S i , 
N b in T i ) . S l e d i t e h n o l o š k o in t u d i e k o l o š k o z a h t e v n o 
d r o b l j e n j e t e r m l e t j e u l i t i h o b l i k o v a n c e v , s e j a n j e i n m e š a n j e 
z d o d a t k o m v e z i v a z n a m e n o m , d a se p r i p r a v i m e š a n i c a 
p r i m e r n a z a s t i s k a n j e v i z d e l k e ž e l j e n e o b l i k e . S t i s k a n j u 



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

P o l e g m e h a n s k e g a d r o b l j e n j a in m l e t j a p r e d z l i t i n e j e 
m o ž n o k o v i n s k e p r a h o v e i z d e l a t i t u d i z v r s t o d r u g i h v 
s v e t u ž e d o d o b r a u v e l j a v l j e n i h p o s t o p k o v . M e d n j i m i s o 
p o s t o p k i i z d e l a v e k o v i n s k i h p r a h o v z r a z p r š e v a n j e m ali 
a t o m i z a c i j o n a j b o l j r a z š i r j e n i . I z r a z a t o m i z a c i j a n i n a j -
p r i m e r n e j š i , s a j g r e v b i s t v u l e z a r a z p r š i t e v ( d e z i n t e -
g r a c i j o ) r a z t a l j e n e k o v i n e v d r o b n e k a p l j i c e , k i s e v s t i k u z. 
r a z p r š e v a l n i m in h l a d i l n i m s r e d s t v o m h i t r o s t r d e v d e l c e 
p r a h u , k a r i m a z a t o m i k a j m a l o s k u p n e g a . V e n d a r s e 
j e i z r a z a t o m i z a c i j a u v e l j a v i l t a k o v t u j i ( a n g l . : f l u i d / i n e r t 
g a s / w a t e r / c e n t r i f u g a l a t o m i z a t i o n e t c . , n e n t . : \ V a s s e r v e r d u c -
s u n g A V a s s e r a t o m i s a t i o n , i t i . : A t o m i z z a z i o n e in a c q u a / g a s ) , 
k o t t u d i d o m a č i s t r o k o v n i l i t e r a t u r i in g a b o m o z a t o v n a -
d a l j e v a n j u u p o r a b l j a l i t u d i v n a š e m p r i s p e v k u . 

I z d e l a v a k o v i n s k e g a p r a h u n e p o s r e d n o iz. r a z t a l j e n e 
k o v i n e z a t o m i z a c i j o i m a v r s t o p r e d n o s t i . P r e d v s e m 
o d p a d e v m e s n a f a z a u l i v a n j a , d r o b l j e n j a i n m l e t j a p r e d z l -
i t i n e . O d p a d e t u d i v p l i v d o m l e t k a z a r a d i o b r a b e č e l j u s t i 
a l i m l e v s k i h a g r e g a t o v . H i t r o s t i o h l a j a n j a s o p r i p o s t o p -
k i h a t o m i z a c i j e m e d H ) 2 in 10 ' 1 K / s , k a r p o m e n i , d a 
l a h k o z a r a d i z e l o h i t r e g a o h l a j a n j a p r i č a k u j e m o t u d i m n o g o 
v e č j o h o m o g e n o s t ( t a k o k e m i č n e s e s t a v e , k o t t u d i v e -
l i k o s t n e p o r a z d e l i t v e in o b l i k e d e l c e v p r a h u ) . I s t o č a s n o s m o 
p r i č a k o v a l i d o l o č e n e t e ž a v e z a r a d i p r i s o t n o s t i r e a k t i v n i h 
e l e m e n t o v ( A l . T i , N b ) i n h i t r e g a o h l a j a n j a ( v e l i k a t r d o t a 
p r a h u — s l a b a s t i s l j i v o s t ) , d a b o m o l a h k o z. r a s p o l o ž l j i v i m 
p o s t o p k o m v o d n e a t o m i z a c i j e i z d e l a l i p r a h ž e l j e n e k o n č n e 
s e s t a v e . T u d i v t u j i s t r o k o v n i l i t e r a t u r i 1 2 z a e n k r a t n i s m o 
z a s l e d i l i , d a b i s e p r a h o v i t e v r s t e i z d e l o v a l i s p o s t o p k o m 
v o d n e a t o m i z a c i j e . 

2 Izdelava kov insk ih prahov /. vodno atomizac i jo 

D a n e s p o z n a m o v r s t o p o s t o p k o v o z i r o m a t e h n o l o g i j 
i z d e l a v e k o v i n s k i h p r a h o v . I z b r a n i p o s t o p e k j e o d v i s e n 
o d v r s t e k o v i n e a l i z l i t i n e , k i j o ž e l i m o i z d e l a t i , o b l i k e i n 
n a m e m b n o s t i i z d e l k a , e k o n o m i č n o s t i in m n o g i h d r u g i h d e -
j a v n i k o v . V s p l o š n e m l a h k o r a z d e l i m o p o s t o p k e i z d e l a v e 
k o v i n s k i h p r a h o v n a : 

• m e h a n s k e ( d r o b l j e n j e in m l e t j e ) , 

• e l e k t r o l i t s k e ( i z l o č a n j e n a k a t o d i ) , 

• k e m i j s k e ( r e d u k c i j a , o b a r j a n j e , i z l o č a n j e iz p l i n s k e 
f a z e , i t d . ) i n 

• r a z p r š e v a l n e ( p l i n s k a , o l j n a , v o d n a , c e n t r i f u g a l n a , u l -
t r a z v o č n a , e l e k t r o s t a t i č n a , e k s p l o z i j s k a a t o m i z a c i j a v 
t a l i n i i t d . ) . 

V t e m p r i s p e v k u se b o m o o m e j i l i l e n a k r a t e k o p i s 
o s n o v n i h z n a č i l n o s t i v o d n e a t o m i z a c i j e in p r i m e r j a v o z 
d r u g i m i p o s t o p k i i z d e l a v e k o v i n s k i h p r a h o v , k a r j e v e z a n o 
n a p r a k t i č n o d e l o z n a š o n a p r a v o ( g l e j s l i k o 1). P r e g l e d 
in n a t a n č n e j š i o p i s v s e h p o m e m b n e j š i h p o s t o p k o v i z d e l a v e 
k o v i n s k i h p r a h o v p a j e m o ž n o n a j t i t a k o v t u j i , k o t t u d i 
d o m a č i l i t e r a t u r i 2 1 :> . 

V o d n a a t o m i z a c i j a j e r e l a t i v n o c e n e n in z a t o n a j b o l j 
r a z š i r j e n p o s t o p e k i z d e l a v e k o v i n s k i h p r a h o v , k i i m a j o 
t a l i š č e p o d 1 6 0 0 ° C . V o d o n e p o s r e d n o u b r i z g a v a m o v c u r e k 
k o v i n s k e t a l i n e s k o z i e n o al i v e č š o b . P r o c e s j e p o d o b e n 
p l i n s k i a t o m i z a c i j i , k j e r j e r a z p r š e v a l n o s r e d s t v o i n e r t n i p l i n 
( d u š i k , a r g o n a l i h e l i j ) , l a h k o p a t u d i z r a k . P o s t o p k a se m e d 
s e b o j r a z l i k u j e t a v p o d r o b n o s t i h , k i s o p o s l e d i c a r a z l i k v 
l a s t n o s t i h r a z p r š e v a l n e g a s r e d s t v a . 

Slika 1. Laboratorij za metalurgi jo prahov in hi tro str jevanje na I M T 
v Ljubljani z laborator i jsko—pilotno napravo za izdelavo kovinskih 
prahov z vodno a tomizaci jo v ospredju . 

Figure 1. Laboratory for p o u d e r metal lurgy and technology of rapid 
solidifications at Institute of Metals and Technologies Ljubl jana (in 
foreground the lab-pilot vvater atomizer). 

N e p o s r e d n o v i s o k o t l a č n o u b r i z g a v a n j e v o d e v c u r e k 
t a l i n e p o v z r o č a r a z p r š i t e v t a l i n e v d r o b n e d e l c e ( k a p l j i c e ) 
in h i t r o s t r j e v a n j e . I z d e l a n i k o v i n s k i p r a h j e n a j p o g o s t e j e 
n e p r a v i l n e o b l i k e in s e r a z l i k u j e o d p r a h u i z d e l a n e g a s p l i n -
s k o a t o m i z a c i j o , k i j e p r a v i l o m a k r o g l i č n e o b l i k e . V e n d a r 
p a j e m o ž n o t u d i z v o d n o a t o m i z a c i j o i z d e l a t i p r a h o v e s 
k r o g l i č n i m i d e l c i ( z l i t i n e s e s t a v l j e n e i z e l e m e n t o v z m a n j š o 
a f i n i t e t o d o k i s i k a ) . N a s l i k a h 2 i n 3 i m a m o p r i k a z a n p r i m e r 

Slika 2. Posnetek prahu C u — Ni na raster el. mikroskopu. Frakcija: 
pod 63 | im. 

Figure 2. S E M micrograph of vvater atomized C u - Ni powder. 
Fraction: < 6 3 /mi. 

p r a h u z l i t i n e C u — Ni ( 2 u t . % N i ) i n n a s l i k i 4 p r i m e r p r a h u 



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

T l a k v o d e j e e d e n o d g l a v n i h v p l i v n i h p a r a m e t r o v v o d n e 
a t o m i z a c i j e . V s p l o š n e m v i š j i t l a k p o m e n i v e č j e h i t r o s t i 
v o d e , p o s l e d i c a s o d r o b n e j š i d e l c i p r a h u . P o l e g t l a k a v o d e 
i m a m o š e v r s t o p r o c e s n i h p a r a m e t r o v , k i v p l i v a j o n a l a s t -
n o s t i in s t e m k a k o v o s t i z d e l a n e g a p r a h u - ' ' ( g l e j t ud i 
t a b e l o 1). 

P r o c e s a t o m i z a c i j e j e v s p l o š n e m o m e j e n s h i t r o s t j o 
o d v a j a n j a t o p l o t e . O c e n j e n a z g o r n j a m e j a h i t r o s t i o d v a -
j a n j a t o p l o t e j e 1 0 ° J / m ' ! s K . P r i v e l i k o s t i d e l c e v p r a h u m e d 
10 in 1 0 0 / / n t j e o h l a j e v a l n a h i t r o s t r e d a v e l i k o s t i 1 0 4 K / s . 
v n e k a t e r i h p r i m e r i h c e l o d o 10 ' ' K / s ( u l t r a z v o č n a a t o m -
i z a c i j a , n a l i v a n j e n a h i t r o v r t e č i s e d i s k — a n g l . : M c l t s p i n -
n i n g ) . H i t r o s t i o h l a j a n j a s o p r i v o d n i a t o m i z a c i j i n e k a j v i š j e 
k o t p r i p l i n s k i . Z a t o v o d n a a t o m i z a c i j a v s p l o š n e m d a j e 
b o l j š e m i k r o s t r u k t u r e k o t p l i n s k a . 

G l a v n a o m e j i t e v p r i i z b i r i m a t e r i a l o v , k i j i h l a h k o 
i z d e l u j e m o z v o d n o a t o m i z a c i j o , j e a f i n i t e t a i z b r a n e k o v i n e 
d o k i s i k a . Z a t o j e v o d n a a t o m i z a c i j a p r e d v s e m p o s t o p e k , 
k i j e p r i m e r e n z a i z d e l a v o p r a h o v , s e s t a v l j e n i h iz k e m i -
j s k i h e l e m e n t o v , z m a l o a f i n i t e t o d o k i s i k a . P r a h o v i , k i 
s e d o s e d a j u s p e š n o i z d e l u j e j o s p o s t o p k o m v o d n e a t o m -
i z a c i j e s o p r e d v s e m : n e r j a v n a in h i t r o r e z n a j e k l a , n e k a t e r e 
k o r o z i j s k o in o b r a b n o o d p o r n e z l i t i n e ( p r e d v s e m / . l i t ine 
N i — C r — H — S i ) , P M z l i t i n e n a o s n o v i b a k r a t e r s p a j k e 
n a o s n o v i ž l a h t n i h k o v i n in d e n t a l n e z l i t i n e . 

3 Prakt ično delo 

Z a r a z v o j n o r a z i s k o v a l n o d e l o s m o i z b r a l i d v a t r d o m a g n e t n a 
m a t e r i a l a . P r v i m a t e r i a l i m a t r ž n i n a z i v S I M A G 1 5 0 0 ( z 
n a z i v n o k e m i č n o s e s t a v o F e — 3 6 C o — 1 4 N i — 8 A 1 — 6 T i in 
d o d a t k i C u t e r N b ) z n a z i v n o r e m a n e n c o Dr = 0 . 8 5 T in 
k o e r c i t i v n o s t j o H, b = 1 1 8 k A / m . D r u g i i z b r a n i m a t e r i a l 
i m a t r ž n i n a z i v S I M A G 4 0 0 K ( F e - 2 5 ( o - 1 5 \ i - 8 A 1 
z d o d a t k i T i , C u in N b ) i n Br = 0 . 9 T t e r H,B = 
5 5 k A / m . V o d n o a t o m i z i r a n e p r a h o v e z r a z l i č n o s e s t a v o 
p r e d z l i t i n e s m o p r i p r a v l j a l i n a l a b o r a t o r i j s k o p i l o t n i n a p r a v i 
D 5 / 2 D a v y M c K e e p r i r a z l i č n i h p o g o j i h z n a m e n o m o p t i -
m i r a n j a t e h n o l o š k i h p a r a m e t r o v i n l a s t n o s t i p r a h o v . 

V t a b e l a h 1 in 2 s o z b r a n i v s i p o m e m b n e j š i t e h n o l o š k i 
p a r a m e t r i , k i s m o j i h z a s l e d o v a l i m e d p o s a m e z n i m i 
p r e i z k u s i . 

I z d e l a n e k o v i n s k e p r a h o v e s m o p r e g l e d a l i z r a s t e r -
s k i m e l e k t r o n s k i m m i k r o s k o p o m i n j i m d o l o č i l i o s n o v n e 
fizikalno k e m i č n e l a s t n o s t i ( o b l i k o d e l c e v , v e l i k o s t n o p o -
r a z d e l i t e v in p o v p r e č n o v e l i k o s t d e l c e v , n a s i p n e g o s t o t e 
in t e k o č n o s t p r a h o v i t d ) 8 . S p o m o č j o k e m i j s k e a n a l i z e 
( P H I L I P S P V / I 4 8 0 S p e c t r o m e t e r ) s m o k o n t r o l i r a l i k o n č n o 
s e s t a v o p r a h u in p o v r a t n o i z v a j a l i p o t r e b n e k o r e k c i j e s e s -
t a v e p r e d z l i t i n e k v a l i t e t e 4 0 0 K . V s e b n o s i k i s i k a v i z d e l a n i h 
p r a h o v i h s e j e g i b a l a m e d 1 0 0 0 in 1 5 0 0 p p m O o - D r u g z e l o 
p o m e m b e n p a r a m e t e r p r i i z d e l a v i t r a j n i h m a g n e t o v j e v s e b -
n o s t o g l j i k a , k i n a j n e b i p r e s e g a l a d o v o l j e n i h 0 . 0 5 u t . % . 

N a s l i k a h 5 in 6 s o p r i k a z a n e m o r f o l o š k e z n a č i l n o s t i 
i z d e l a n i h p r a h o v . V s i i z d e l a n i A l N i C o p r a h o v i s o i m e l i 
n e p r a v i l n o o b l i k o d e l c e v . T o n e p r e s e n e č a , s a j j e to 
z n a č i l n o s t v o d n e a t o m i z a c i j e . T a k š n i p r a h o v i i m a j o z a r a d i 
s v o j e n e p r a v i l n e o b l i k e t u d i b o l j š o s t i s l j i v o s t . 

z l i t i n e n a o s n o v i ( ' o ( z l i t i n a z a n a v a r j a n j e t i p F ) . V s i ti p r a -
h o v i s o i z d e l a n i n a n a š i n a p r a v i z a v o d n o a t o m i z a c i j o in 
k o t v i d i m o i m a j o r e l a t i v n o p r a v i l n o o b l i k o v a n e ( k r o g l i č n e ) 
d e l c e . 

Slika 3. Delec prahu zlitine C u — Ni na raster el. mikroskopu. Premer 
delca D = 3 6 / /m. 

Figure 3. S E M micrograph of vvater atomized C u — Ni powder par-
ticle. Particle diameter D = ,'tt; / /m. 

Slika 4. Posnetek vodno atomiziranega prahu zlitine Milit F (39% 
C o , 2 2 % Ni . 2 5 % C r . 12% W in 2% C ) na raster elektronskem 
mikroskopu. Frakcija: 63 do 75 ; im. (vodni atomizer 1)5/2 Davy Mc 
K e e — I M T Ljubl jana) . 

Figure 4. S E M micrograph of water atomized Co-base type F powder. 
Fraction: 63 lo 75 / im. (Davy Mc Kee D5/2 \vater a tomizer—IM T 
Ljubl jana) . 

V v e č i n i p r i m e r o v j e v o d n o a t o m i z i r a n i p r a h t u d i 
p r e k o m e r n o o n e č i š č e n s k i s i k o m in p o v r š i n a p r a h u j e 
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T a b e l a 1. P rocesn i paramet r i i zvedenih pre izkusov izdelave prahov A I N i C o m a g n e t o v kval i te te S I M A G 400K in 1500. 

P r o c e s n i p a r a m e t e r O p o m b a 

T e m p e r a t u r a p r e g r e t j a m e r j e n o z 

t a l i n e ( ° C ) 1 5 5 0 d o 1 6 5 0 ° C o p t i č n i m p i r o m e t r o m 

T e m p e r a t u r a p r e g r e t j a m e r j e n o s 

v m e s n e p o s o d e ( ° C ) 1 2 5 0 ( ± 2 0 ° C ) t e r m o e l . P t - P t R h l 3 

P r e m e r š o b e v m e s n e š o b e i z d e l a n e iz. 

p o s o d e ( m m ) 4 . 5 t a l j e n e g a k r e m e n a 

P r e m e r v o d n i h g l a v n e 1 . 2 0 x 1 . 0 5 t i p 1 5 0 3 

š o b ( m m ) p o m o ž n e 1 . 1 0 x 0 . 8 5 t i p 1 5 0 2 

K o t r a z p r š e v a n j a g l a v n e 5 0 o r i g i n a l n a 

( v s t o p i n j a h ) p o m o ž n e 4 0 r a z d e l i l n a g l a v a 

T l a k v o d e ( b a r ) 1 8 0 / 2 3 0 

V r s t a i n p r e t o k 0 . 8 m 3 / h d u š i k a v k o m o r i a t o m i z . m e r j e n o z 

z a š č i t n e g a p l i n a 2 2 0 l / h a r g o n a n a d t a l i n o v t a l i l . r o t a m e t r o m 

Tabela 2. Parametr i v o d n e a tomizac i j e za S I M A G 400K in 1500 ( I M T 1 9 9 1 — v o d n i a tomize r D5 /2 D a v y Mc Kee) . 

M a t e r i a l T l a k P r e t o k P r e t o k R a z m e r j e ckn 
v o d e v o d e t a l i n e p r e t o k o v 

( b a r ) ( l / m i n ) ( k g / m i n ) ( v o d a / k o v i n a ) ( / / m ) 

S I M A G 4 0 0 K 1 8 0 5 6 3 . 5 4 1 5 . 8 2 4 5 

S I M A G 1 5 0 0 1 8 0 5 6 3 . 4 2 1 6 . 3 7 1 0 0 

S l i k a 5. Posne tek prahu zli t ine 4 0 0 K na raster el. m ik roskopu . Frak-
cija: p o d 63 /nll . 

F i g u r e S. S E M mic rog raph of w a t e r a tomized A I N i C o povvder. Frac-
t ion: < ('.:( /mi . 

Sl ika 6. Delca prahu zli t ine 4 0 0 K . Ras t e r el . m i k r o s k o p . Frakc i ja : 
pod 63 / n n . 

Figure 6. S E M mic rog raph of wa te r a tomized A I N i C o powder . Frac-

t ion: < 6 3 / /m. 

N a s l i k a h 7 i n 8 s t a p r i k a z a n a d i a g r a m a v e l i k o s t n e p o -

r a z d e l i t v e p r a h o v z a o b e v r s t i m a t e r i a l o v . N a p r v e m d i a -

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

p a v p l i v t l a k a r a z p r š e v a l n e g a s r e d s t v a . Z a z g o š č e v a n j e 

s m o u p o r a b l j a l i f r a k c i j o < 1 2 0 / / n i . Iz. d i a g r a m a v i d i m o , 
d a j e i z k o r i s t e k p r a h u p r i b l i ž n o 8 0 % . S p r e i z k u s i s m o 
u g o t o v i l i , d a b i b i l o m o ž n o i z k o r i s t e k p o v e č a t i s k r a t k o -
t r a j n i m d r o b l j e n j e m i z d e l a n e g a p r a h u . P o v e č e v a n j e t l a k a 



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

Log velikosti delcev ( ^im) 

Sl ika 7. Kumulat ivni krivulji vel ikostne porazdelitve delcev vodno 
atomiziranega prahu zlitine S1MAG 400K v odvisnosti od temperature 
pregret ja taline (1MT Ljublana 1991—vodni atomizer D5/2 Davy Mc 
Kee). 

Figure 7. Cumula t ive vveight percentage plot of particle size distri-
bution of AlNiCo type 400K water atomized p o u d e r for two different 
temperatures of superheating ( IMT Ljubl jana 1991—Davy Mc Kee 
D5/2 \vater atomizer). 
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Sl ika 8. Kumulat ivni krivulji velikostne porazdelitve delcev vodno 
atomiziranega prahu zlitine S1MAG 1500 v odvisnosti od tlaka 
razprševalnega sredstva ( IMT Ljublana 1991—vodni atomizer D5/2 
Davy Mc Kee). 

Figure 8. Cumulat ive vveight percentage plot of particle size distn-
bution of A lNiCo type 1500 water atomized powder for t w o different 
a tomizing water pressures ( IMT Ljubl jana 1991—Davy Mc Kee D5/2 
vvater atomizer) . 

V p r i m e r u k v a l i t e t e S I M A G 1 5 0 0 s m o z a e n k r a t r e š e v a l i 
s a m o v p r a š a n j e k o n č n e g a i z m e t a , k i n a s t a n e p o m e h a n s k i 
o b d e l a v i . I z m e t n i i z d e l k i s o n a m r e č i z r e d n o t rd i in j i h 
p r e k o d r o b l j e n j a p r a k t i č n o n e m o r e m o v r n i t i n a z a j v p r o c e s . 
S p r e i z k u s i s m o u g o t o v i l i , d a j e m o ž n o i z d e l a t i u p o r a b e n 
k o v i n s k i p r a h s p r e t a l j e v a n j e m i n v o d n o a t o m i z a e i j o . V i -
s o k a d e l o v n a t e m p e r a t u r a t a l i n e ( 1 6 5 0 ° C ) in s l a b a t e k o č n o s t 
t a l i n e j e z a h t e v a l a s k r b n o i z b i r o t e h n o l o š k i h p a r a m e t r o v a t -
o m i z a c i j e . R e l a t i v n o m a l o š t e v i l o p r a k t i č n i h p r e i z k u s o v 

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

V p r i m e r u k v a l i t e t e S I M A G 4 0 0 K p a s m o s p r a k t i č n i m i 
p r e i z k u s i p r i p r a v i l i v o d n o a t o m i z i r a n i k o v i n s k i p r a h ( p r e d -
z l i t i n a n a o s n o v i C o — F e — N b — C u — A l ) u s t r e z n e 
k e m i č n e s e s t a v e . I z d e l a n i k o v i n s k i p r a h o m o g o č a i z d e l a v o 
k v a l i t e t n i h t r a j n i h m a g n e t o v , p r o i z v o d n i p o s t o p e k n j e g o v e 
i z d e l a v e p a i m a v p r i m e r j a v i z o b s t o j e č i m v r s t o p r e d n o s t i . 
K e m i č n a s e s t a v a p r e d z l i t i n e j e i z b r a n a t a k o , d a j e v k o m -
b i n a c i j i z o s t a l i m i d o d a t k i ( T i h i d r i d n i p r a h j e z a m e n j a n 
s c e n e j š i m C o — T i — A l a l i N i — T i — A l p r a h o m ) 
p r e p r e č e n o d g o r n a j b o l j r e a k t i v n i h e l e m e n t o v m e d v o d n o 
a t o m i z a e i j o . Z a d o s t n o s t i s l j i v o s t m e š a n i c e p r a h o v p a s m o 
d o s e g l i z z m a n j š a n j e m v s e b n o s t i F e v p r e d z l i t i n i o z i r o m a 
v o d n o a t o n t i z i r a n e m p r a h u i n g a n a d o m e s t i l i z d o d a t k o m 
c e n e n e g a d o b r o s t i s l j i v e g a F e p r a h u ( H o e g a n a e s ) . 

O p o z o r i m o n a j š e n a t o , d a v e l i k a v e č i n a r a z l i k m e d 
z l i t i n a m a 1 5 0 0 i n 4 0 0 K ( t a k o v p o s t o p k u a t o m i z a c i j e , k o t 
t u d i k o n č n i h l a s t n o s t i o b e h v r s t p r a h o v ) i z v i r a iz l a s t n o s t i 
t a l i n e o z i r o m a i z h o d n e k e m i č n e s e s t a v e . V p r i m e r u z l -
i t i n e 1 5 0 0 s m o d e l a l i n a m r e č s t o č n o d o l o č e n o k o n č n o 
s e s t a v o , m e d t e m k o s m o p r i z l i t i n i 4 0 0 K i z d e l o v a l i z l -
i t i n e p r i l a g o j e n i h s e s t a v ( z o s n o v o F e — C o , b r e z T i ) . 
S i s t e m a t i č n o p r e i z k u s n o s t i s k a n j e ( p r i t l a k i h o d 6 0 0 d o 
7 5 0 M P a o b d o d a t k u 0 . 5 ut.% v o s k a ) i n s i n t r a n j e (v v a k u -
u m u 1 0 ~ 2 m b a r , t e m p e r a t u r n e m o b m o č j u 1 3 5 0 d o 1 3 7 0 ° C 
in č a s i h o d 1 d o 3 u r ) i z d e l a n i h v o d n o a t o m i z i r a n i h p r a h o v 
s m o i z v a j a l i v l a b o r a t o r i j u I J S i n n a i n d u s t r i j s k i h n a p r a v a h 
v I S K R A M a g n e t i . S u r o v a g o s t o t a p r e i z k u š a n c e v s e j e 
g i b a l a m e d 5 . 8 in (5 g / c m 3 . P o s i n t r a n j u ( s m t r a n a g o s t o t a 
p r e i z k u š a n c e v s e j e g i b a l a m e d 7 . 0 5 i n 7 . 2 5 g / c m 3 ) , t e r m o -
m a g n e t n i in m e h a n s k i o b d e l a v i s m o i z m e r i l i m a g n e t n e l a s t -
n o s t i i z d e l a n i h v z o r c e v ( P e r m a g r a p h E P - 2 M a g n e t P h v s i k 
dr . S t e i n g r o e v e r G m b H ) in j i h p r i m e r j a l i z l a s t n o s t m i t u j i h 
v z o r c e v i n l a s t n o s t m i d o s e ž e n i m i p o s t a n d a r d n e m p o s t o p k u . 
D o s e ž e n e m a g n e t n e l a s t n o s t i l a h k o p r i m e r j a m o s p o d o b n i m 
k o m e r c i a l n i m v z o r c e m te v r s t e ( g l e j t a b e l o 3 ) . 

P o u d a r i m le š e t o , d a s e j e p o l e g ž e z g o r a j o m e n j e n i h 
p r e d n o s t i h p o s t o p k a n e p o s r e d n e i z d e l a v e p r a h u z v o d n o a t -
o m i z a e i j o i z k a z a l o , d a j e v o d n o a t o m i z i r a n i p r a h b o l j s i n -
t e r a b i l e n ( p o t r e b n e s o n i ž j e t e m p e r a t u r e i n k r a j š i č a s i s i n -
t r a n j a ) . M i k r o s t r u k t u r e s o l e p š e , z e n a k o m e r n o v e l i k o s t n o 
p o r a z d e l i t v i j o z r n i n p o r , b r e z d i s k o n t i n u i m e r a s t i z r n ( g l e j 
s l i k i 9 i n 10 ) . T o v s e p a v o d i d o m a n j š e g a s i p a n j a m a g -
n e t n i h i n d i m e n z i j s k i h l a s t n o s t i m e d p o s a m e z n i m i i z d e l k i 
z n o t r a j e n e š a r ž e . 

4 Zaključki 

R a z i s k o v a l i s m o p r i p r a v o v o d n o a t o m i z i r a n i h k o v i n s k i h 
p r a h o v , k i s o p o s v o j i k e m i č n i s e s t a v i i n l a s t n o s t i h p r i m e r n i 
z a p r i p r a v o a n i z o t r o p n i h A l N i C o m a g n e t o v . P r a k t i č n o d e l o 
n a m j e o m o g o č i l a p r e d v s e m n o v a l a b o r a t o r i j s k o p i l o t n a 
n a p r a v a z a v o d n o a t o m i z a e i j o z i n d u k t i v n i m t a l i l n i m s i s t e -
m o m . D o l o č i l i s m o v p l i v p r o c e s n i h p a r a m e t r o v n a p r a v e n a 
g l a v n e m o r f o l o š k e l a s t n o s t i i z d e l a n e g a p r a h u o b e h i z b r a n i h 
s e s t a v . L a s t n o s t i i z d e l a n e g a p r a h u s o v o k v i r u p r i č a k o v a n j 
in t e h n o l o š k i h m o ž n o s t i p o s t o p k a v o d n e a t o m i z a c i j e . I z d e -
l a n e p r a h o v e s m o s t i s k a l i , s i n t r a l i in t o p l o t n o o b d e l a l i v 
m a g n e t n e m p o l j u p r i r a z l i č n i h p o g o j i h t a k o v l a b o r a t o r i j u , 
k o t t u d i n a i n d u s t r i j s k i h n a p r a v a h . D o s e ž e n e m a g n e t n e l a s t -
n o s t i o b e h m a t e r i a l o v s o p o d o b n e k o m e r c i a l n i m v z o r c e m 
t e g a t i p a . P r i t e m m o r a m o s e v e d a u p o š t e v a t i , d a s m o 
m o r a l i i z h o d n o s e s t a v o p r i l a g o d i t i p o s t o p k u v o d n e a t o m -
i z a c i j e . T a k o s m o s t i s l j i v o s t p r a h u p o v e č a l i z d o d a t k o m 
č i s t e g a ž e l e z a H o e g a n a e s , r e a k t i v n i T i in d e l n o A l p a s m o 



* m e š a n i c a 5 0 u t . % s t a n d a r d n i - 5 0 u t . % v o d n o a t o m i z i r a n i p r a h 
* * k o m e r c i a l n i k a t a l o g I S K R A M a g n e t i 

Tabela 3. Magnetne lastnosti sintranih A I N i C o magnetov izdelanih iz vodno atomiziranih prahov. 

M a t e r i a l M a g n e t n e l a s t n o s t i V s e b n o s t 

Br ( T ) HCi ( k A / m ) (BH)max ( k J / m a ) u t . % 0 2 u t . % C 

T u j v z o r e c ( K r u p p ) 0 . 9 8 6 0 . 0 2 4 . 8 0 . 2 2 0 . 0 3 5 

S I M A G 4 0 0 K 

s t a n d a r d n i p o s t o p e k 0 . 8 6 5 2 . 0 1 7 . 6 0 . 5 9 0 . 1 1 

S I M A G 4 0 0 K n a z i v n e * * 

v o d n a a t o m . d o s e ž e n e 

0 . 9 0 

1 . 1 0 

5 5 . 5 

6 0 . 0 

2 6 . 5 

2 6 . 4 0 . 2 0 0 . 0 6 

S I M A G 1 5 0 0 * n a z i v n e * * 

d o s e ž e n e 

0 . 8 5 

0 . 9 0 

1 1 8 . 0 

1 2 4 . 0 

4 0 . 0 

4 2 . 0 0 . 0 6 

Slika 9. Posnetek mikrostrukture sintranega vzorca S1MAG 400K 
izdelanega po s tandardnem postopku. 

Figure 9. Optical micrograph of the typical microstructure of sintered 
AINiCo type 400K magnet prepared by standard procedure. 

d o d a j a l i n a k n a d n o v o b l i k i t r ž n o d o s e g l j i v i h p r a h o v z l i t i n 
C o - T i - A l o z i r o m a N i - T i - A l . 

V n a d a l j e v a n j u n a š e g a r a z v o j n o r a z i s k o v a l n e g a d e l a 
ž e l i m o , d a b i s s i s t e m a t i č n i m d e l o m p r o c e s p r i i z d e l a v i 
v o d n o a t o m i z i r a n e p r e d z l i t i n e z a m a t e r i a l 4 0 0 K š e o p t i m i -
r a l i i n o s v o j i l i p o s t o p e k i z d e l a v e p r e d z l i t i n e t u d i z a m a -
t e r i a l S I M A G 1 5 0 0 . I s t o č a s n o p a ž e l i m o p r i m e r j a l n o u g o -
t o v i t i a l i p l i n s k o a t o m i z i r a n i p r a h o v i o m o g o č a j o še n a d a l j n e 
i z b o l j š a n j e t e h n o l o š k e g a p o s t o p k a in d v i g m a g n e t n i h l a s t -
n o s t i . 
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