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Materiali izdelani na osnovi upraševanja kovinskih talin imajo v primerjavi s konvencionalnimi 
postopki vrsto prednosti, saj imajo lastnosti, ki jih prej praktično ni bilo mogoče doseči. Kot primer 
vzemimo hitrorezna in orodna jekla, super zlitine, itd. Dosežene lasnosti PM izdelkov so predvsem 
posledica hitrega strjevanja med postopkom izdelave prahu. 
Na Inštitutu za Kovinske Materiale in Tehnologije (IMT) v Ljubljani smo laboratorij za metalurgijo 
prahov in hitro strjevanje opremili s pilotno napravo za vodno atomizaeijo in napravo za ulivanje 
amorfnih in mikrokristaliničnih trakov. Ta oprema omogoča vključevanje IMT Ljubljana v razvojno 
raziskovalno delo na trenutno tudi v svetu zelo aktualnem področju priprave različnih vrst kovinskih 
materialov. 
V preteklem obdobju smo imeli tako vrsto aktivnosti v okviru našega RR programa. V prvi fazi 
naloge smo izvršili relativno zahtevno namestitev in preizkusni zagon opreme. Pričeli smo tudi že s 
pripravo različnih vrst vodno atomiziranih prahov z namenom, da osvojimo tehnologijo postopka. I/ 
drugi fazi smo pričeli s sistematično pripravo prahov hitroreznega jekla in njihovega zgoščevanja. I/ 
tej fazi smo določili glavne vplivne parametre vodne atomizacije (še posebej tlaka vode) na lastnosti 
izdelanih prahov. Prav tako smo določili stisljivost prahov in vsebnost kisika v izdelanih vodno 
atomiziranih prahovih, tako v atomiziranem, kot tudi toplotno obdelanem stanju Pričeli smo tudi s 
preizkusi priprave popolnoma zgoščenih PM preizkušancev iz domačih in tujih vzorcev vodno 
atomiziranih prahov tip M-2 in T-15. 

Materials produced by powder metallurgy (PM) in comparison with those produced by conventional 
procedures have many advantages. The most important fact is that the PM materials (e.g.: tool 
steels, high speed steels, super alloys, etc.) have much better mechanical and other physical 
properties. Firstly these properties are the result of rapid solidification (RSTechnology) during the 
powder preparation. 
The Institute of Metals and Technologies in Ljubljana has started up a new pilot water atomizer and 
new laboratory equipment (Melt-Spinner) for RST ribbons and powders preparation in the last two 
years. The equipment completed with other recently installed R&D ecjuipment (furnace for vaeuum 
heat treatment and equipment for hot isostatic pressing-HIP), made it possible to start R&D work at 
this new very aetual field of material preparation. 
Therefore we had many activities on this field in the last two years. In the first stage of our work we 
installed and started up the equipment. The purpose of our work on the preparation of different 
water atomized powders is to become acquainted with the technology of water atomization and to 
establish the applicability of water atomization for the preparation of different complex metal 
povvders. In the second stage of our vvork we started systematically on the preparation of high 
speed steel povvders and their consolidation. In this stage we determined the main influent 
parameters of vvater atomization on the properties of HSS M-2 type powder. We determined oxygen 
content in vvater atomized condition and also in heat treated (in vaeuum or hydrogen) conditions. In 
this stage we determined CIP compressibility of vvater atomized and heat treated HSS powders. We 
started also with experiments to prepare full dense PM samples from HSS M-2 and T-15 types of 
vvater atomized povvders. 

1 U v o d 

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

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



in s o z a t o b o l j o d p o r n a p r o t i o b r a b i 2 . N a j b o l j p o m e m b n o 
p a j e , d a n e k a t e r e v r s t e m a t e r i a l o v p o p o s t o p k i h k o n v e n -
c i o n a l n e m e t a l u r š k e p r a k s e n i m o ž n o i z d e l a t i ' . N a š k o n č n i 
c i l j j e o s v a j a n j e t e h n o l o g i j e i z d e l a v e r a z l i č n i h v r s t z a h t e v n i h 
k o v i n s k i h m a t e r i a l o v ( k o t s o n a p r i m e r : h i t r o r e z n a j e k l a , 
s u p e r z l i t i n e , p s e v d o z l i t i n e i t d . ) v o b l i k i p a l i c a l i l a m e l 
n a m e n j e n i h z a p r e i z k u s e a l i n a d a l j n o p r e d e l a v o . S t e m bi 
l a h k o p o s t o p n o p r e n a š a l i n a I n š t i t u t u z a k o v i n s k e m a t e r i -
a l e i n t e h n o l o g i j e v L j u b l j a n i ( I M T ) o s v o j e n e t e h n o l o g i j e 
v r e d n o p r o i z v o d n j o s l o v e n s k i h ž e l e z a r n in d r u g i h p o d -
j e t i j m e t a l u r š k e a l i s t r o j n o p r e d e l o v a l n e s t r o k e . N e s m e m o 
p a p o z a b i t i , d a s e k o v i n s k i p r a h o v i n e u p o r a b l j a j o s a m o 
z a z g o š č e v a n j e i n s t e m i z d e l a v o P M i z d e l k o v k o n č n i h 
o h l i k in l a s t n o s t i . P o g o s t o se n a m r e č u p o r a b l j a j o t u d i 
n e p o s r e d n o , v s v o j i o s n o v n i o b l i k i , k o t k o v i n s k i p r a h ( d o -
d a t k i b a r v a m i n č r n i l o m , g o r i v a , v ž i g a l a , e k s p l o z i v i , p r a -
h o v i z a n a v a r j a n j e , s p a j k a n j e in l o t a n j e , p l a m e n s k o in 
p l a z e m s k o n a p r š e v a n j e i t d ) 1 ' ' * ' 5 . E n o n a j p o m e m b n e j š i h p o -
d r o č i j n e p o s r e d n e u p o r a b e k o v i n s k i h p r a h o v j e p l a m e n s k o 
in p l a z e m s k o n a p r š e v a n j e o z i r o m a n a n a š a n j e k o r o z i j s k o a l i 
o b r a b n o o b s t o j n i h p l a s t i . P o s t o p e k j e r a z š i r j e n n a m n o g i h 
p o d r o č j i h , p r e d v s e m p a v a v t o m o b i l s k i i n d u s t r i j i za n a v a r -
j a n j e t r d i h , p r i p o v i š a n i h t e m p e r a t u r a h o b r a b n o o d p o r n i h 
p l a s t i n a s e s a l n e in i z p u š n e v e n t i l e ( S t e l l i t i o z i r o m a z l i t i n e 
n a o s n o v i C o - C r - N i - W ) 6 . R a z v o j n o r a z i s k o v a l n o d e l o p r i 
i z d e l a v i k o v i n s k i h p r a h o v n a j b i o m o g o č a l o b o d o č i m p r o i z -
v a j a l c e m p r a h o v a l i n j i h o v i m o d j e m a l c e m i z b i r o n a j b o l j š e 
t e h n o l o g i j e i z d e l a v e o z i r o m a v r s t e p r a h u . 

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

2 Procesi atomizacije kovinskih gradiv 

V d r u g i f a z i n a l o g e ' s m o o s n o v n i o p r e m i z a v o d n o a t o m -
i z a c i j o d o g r a d i l i n a g i b n o i n d u k c i j s k o t a l i l n o p e č . S t e m s m o 
l a h k o v n a d a l j e v a n j u p r i s t o p i l i h s i s t e m a t i č n e m u r a z v o j n o 
r a z i s k o v a l n e m u ( R R ) d e l u n a p o d r o č j u i z d e l a v e k o v i n s k i h 
p r a h o v z a t o m i z a c i j o . 

2.1 Osvajanje tehnologije izdelave prahov hitroreznih 
jekel z vodno atomizacijo 

V o k v i r u o s v a j a n j a t e h n o l o g i j e i z d e l a v e h i t r o r e z n i h j e k e l 
p o p o s t o p k i h P M s m o p r i č e l i s s i s t e m a t i č n i m u g o t a v l j a n -
j e m v p l i v a p r o c e s 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 n a 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 i h p r a h o v . P o l e g t e g a s m o p r i č e l i 
t u d i z. R R d e l o m n a p r i p r a v i p r a h o v n e k a t e r i h p o s e b n i h 
z l i t i n ( s u p e r z l i t i n a N I M O N I C 8 0 A , s p a j k e n a o s n o v i C u 
in A g , p r a h o v i — z l i t i n e z a . n a v a r j a n j e n a o s n o v i C o in 
N i , m a g n e t n i m a t e r i a l i n a o s n o v i A l - N i - C o i td . ) . N a t e m 
m e s t u s e b o m o o m e j i l i p r e d v s e m n a r e z u l t a t e d e l a p r i p r a v e 
p r a h u h i t r o r e z n e g a j e k l a Č . 7 6 8 0 ( B R M - 2 ; o z n a k a Ž e l e z a r n e 
R a v n e ) . 

V t a b e l i 1 s o z b r a n i v s i t e h n o l o š k i p a r a m e t r i , ki 
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 . T l a k 
r a z p r š e v a l n e g a s r e d s t v a s m o s p r e m i n j a l i m e d 100 in 215 

b a r i , t o j e s k o r a j v c e l o t n e m d e l o v n e m o b m o č j u v i -
s o k o t l a č n e č r p a l k e ( 0 d o 2 7 5 b a r ) . 

2.2 Analiza dobljenih rezultatov izdelanih kovinskih pra-
hov hitroreznega jekla BRM-2 

K e m i j s k a a n a l i z a v z o r c e v 

V z o r c e h i t r o r e z n i h j e k e l s m o a n a l i z i r a l i n a I M T s p o m o č j o 
k l a s i č n e k e m i j s k e a n a l i t i k e i n A R L k v a n t o m e t r a ( t i p 3 4 6 0 
M e t a l A n a l y z e r ) . Z a e n k r a t n i s m o i z v a j a l i s i s t e m a t i č n e 
k e m i j s k e a n a l i z e i z d e l a n i h p r a h o v p o v e l i k o s t n i h r a z r e d i h , 
t e m v e č s m o s a m o r u t i n s k o p r e v e r j a l i , a l i j e p r e i z k u š a m m a -
t e r i a l v o k v i r u p r e d p i s a n i h m e j a . A n a l i z e k a ž e j o , d a s m o 
s i c e r o d s t o p a l i o d n o m i n a l n e s e s t a v e , k i j o n a v a j a j o s p e c i a l -
i z i r a n i p r o i z v a j a l c i 1 1 . T o o d s t o p a n j e p a n a d o b l j e n e r e z u l -
t a t e n i m a o d l o č i l n e g a v p l i v a , s a j s m o v s e p r e i z k u s e i z v a j a l i 
p r i p o d a n i ( k o n s t a n t n i ) k e m i č n i s e s t a v i , k e r j e b i l z a v s e 
p r e i z k u s e v l o ž e k v z e t iz. i s t e š a r ž e . P o m e n i le , d a d o b l j e n e 
v r e d n o s t i z a p o v p r e č n o v e l i k o s t d e l c e v i n v e l i k o s t n o p o -
r a z d e l i t e v n e v e l j a j o t o č n o z a n a z i v n o k e m i j s k o s e s t a v o 
B R M - 2 j e k l a . 

23 Mikroskopija vzorcev 

V z o r c e p r a h o v s m o m e t a l o g r a f s k o p r e i s k a l i z o p t i č n i m 
in 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 ( R E M ) p o 
p o s a m e z n i h v e l i k o s t n i h r a z r e d i h . I z d e l a n i p r a h j e i z r a z i t o 
n e p r a v i l n e o b l i k e z o k s i d i r a n o p o v r š i n o , z a r a d i p r i s o t n o s t i 
e l e m e n t o v z v e l i k o a f i n i t e t o d o k i s i k a . M e d p o s a m e z n i m i 
d e l c i o p a z i m o t u d i d e l n o n a g n j e n o s t h s f e r o i d i z a c i j i d e l c e v , 
k i p a j e z a v r t a z. v e l i k o h i t r o s t j o o h l a j a n j a in p r i s o t n o s t j o e l -
e m e n t o v , k i t v o r i j o o k s i d e z v i s o k i m t a l i š č e m . Z n a k n a d n o 
t o p l o t n o o b d e l a v o i z d e l a n i h p r a h o v s m o p o v e č a l i n j i h o v o 
s t i s l j i v o s t in z n i ž a l i v s e b n o s t k i s i k a (z. % 2 0 0 0 n a % 1 0 0 p p m 
O ? ) . N a s l i k i 1 j e p r i k a z a n p o s n e t e k p r a h u h i t r o r e z n e g a 
j e k l a B R M - 2 , n a s l i k i 2 p a p o s n e t e k p r a h u n e r j a v n e g a j e k l a 
1 9 C r - 9 N i N C ( a n g l . : S t a i n l e s s S t e e l - S S ) . O b e v r s t i p r a h o v 
s t a b i l i i z d e l a n i n a n a š i 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 z a 
v o d n o a t o m i z a c i j o . 

2.4 Določitev velikostne porazdelitve delcev prahov 

N a j e n o s t a v n e j š a m e t o d a d o l o č a n j a v e l i k o s t n e p o r a z d e l i t v e 
d e l c e v j e s e j a l n a a n a l i z a 9 . V o k v i r u r a z i s k a v s m o n a r e d i l i 
s t a n d a r d n e s e j a l n e a n a l i z e v s e h i z d e l a n i h p r a h o v . N a s l i k i 
3 j e p r i k a z a n a , n a o s n o v i p r e i z k u s o v , p r a k t i č n o d o b l j e n a 
o d v i s n o s t m e d p o v p r e č n o v e l i k o s t j o d e l c e v (dr,o) i z d e l a n e g a 
p r a h u h i t r o r e z n e g a j e k l a in t l a k o m v o d e . R e g r e s i j s k a a n a l -
i z a in d o b l j e n a e k s p o n e n c i a l n a k r i v u l j a o d v i s n o s t i k a ž e , d a 
s m o d o b i l i r e l a t i v n o d o b r o o d v i s n o s t , s k a t e r o j e m o ž n o 
v s a k t r e n u t e k n a p o v e d a t i o k v i r n o p o v p r e č n o v e l i k o s t in p o -
r a z d e l i t v e n o k r i v u l j o v o d n o a t o m i z i r a n i h p r a h o v h i t r o r e z n i h 
j e k e l . N a s l i k i 4 p a j e p r i k a z a n a s e j a l n a a n a l i z a o z . 
s t o l p i č a s t i d i a g r a m v e l i k o s t n e p o r a z d e l i t v e d e l c e v p r a h o v 
h i t r o r e z n e g a j e k l a z a p o s a m e z n e t l a k e r a z p r š e v a l n e g a s r e d -
s t v a . V i d i m o , d a v v s e h p r i m e r i h p r e d s t a v l j a g l a v n i d e l e ž 
f r a k c i j a p o d 6 3 / m i . 

P r a k t i č n e m e r i t v e v e l i k o s t n e p o r a z d e l i t v e d e l c e v k a ž e j o , 
d a i m a m o t u d i p r i a t o m i z a c i j i z n a š o n a p r a v o d v a l o č e n a 
s t a d i j a d e z i n t e g r a c i j e . N a to k a ž e b i m o d a l n a v e l i k o s t n a p o -
r a z d e l i t e v d e l c e v . V p r i m e r i h p l i n s k e i n v o d n e a t o m i z a c i j e 
r a z l i č n i a v t o r j i 4 ' 8 o m e n j a j o p r a v i l o m a t a k š n o v e l i k o s t n o p o -
r a z d e l i t e v . L e v p r i m e r i h n a d z v o č n i h h i t r o s t i r a z p r š e v a l n e g a 
s r e d s t v a ( u l t r a z v o č n a a t o m i z a c i j a - a n g l . : u l t r a s o n i c g a s a t -
o m i z a t i o n ) a v t o r j i p o r o č a j o o e n o s t o p e n j s k i d e z i n t e g r a c i j i 
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Tabela 1. Procesni parametri izvedenih preizkusov izdelave prahov hitroreznega jekla BRM-2 (IMT Ljubl jana) . 

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 8 0 ( ± 2 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 3 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 . 

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

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 

š o b (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 0 0 d o 2 7 5 v s t o p n j a h p o 5 0 b a r 

Z a š č i t n i p l i n d u š i k 0 . 8 m 3 / h m e r . r o t a m e t r i č n o 

» T e m p e r a t u r a t a l i š č a B R M - 2 j c 7 , a s 1 4 4 5 ° C ; k a r p o m e n i , d a j e b i l a t e m p e r a t u r a p r e g r e t j a p r i b l i ž n o 1 3 5 ° C n a d 
t e m p e r a t u r o t a l i š č a in v o k v i r u p r e d p i s o v z a p r e g r e t j e t a l i n e ( 1 0 0 d o 1 5 0 ° C n a d Tt.) 

Slika 1. R E M , prah BRM-2. Frakcija: 75 do 90 //m. Tlak vode: 275 
barov. 

Figure 1. SF..M micrograph ot water atomized M-2 type pouder . 275 
bars, fraet ion: 7 5 - 9 0 / im. 

Slika 2. RF.M. prah 19Cr-9Ni. Frakcija: 63 d o 75 Mm. Tlak vode: 
200 barov. 

Figure 2. SEM micrograph of vvater atomized 19Cr9Ni SS powder. 
200 bars, fraetion: 6 3 - 7 5 ^ m . 

( a n g l . : o n e - s t e p f r a g m e n t a t i o n ) . P r v i s t a d i j d e z i n t e g r a c i j e 
t v o r i d e l c e v e l i k o s t i p r i b l i ž n o 1 0 0 / / m , d r u g i p a d r o b n e j š e 
( p r i b l i ž n o 4 0 / / m ) . 

2.5 Določitev nasipne in stre sune gostote ter tekočnost 
prahov 

T e k o č n o s t in n a s i p n e g o s t o t e p r a h o v s m o d o l o č e v a l i s 
p o m o č j o H a l l - o v e g a m e r i l n i k a 9 . N a s l i k i 5 j e p r i k a z a n a 
t e k o č n o s t v o d n o a t o n t i z i r a n e g a j e k l a B R M - 2 v p r i m e r j a v i 
z v o d n o a t o m i z i r a n i m p r a h o m n e r j a v n e g a j e k l a z 1 9 % C r 
in 9 % N i . P r a h n e r j a v n e g a j e k l a t e č e b o l j e k o t p r a h 

h i t r o r e z n e g a j e k l a . T o p o m e n i , d a i m a n e r j a v n o j e k l o p r a v i l -
n e j š o o b l i k o d e l c e v k o t h i t r o r e z n o j e k l o . T o s e v i d i t u d i iz 
p o s n e t k o v n a r a s t e r e l e k t r o n s k e m m i k r o s k o p u ( s l i k i 1 i n 2 ) . 
N a s l i k i 6 p a s o p o d a n e n a s i p n e i n s t r e s a n e g o s t o t e i z d e -
l a n i h p r a h o v h i t r o r e z n e g a j e k l a B R M - 2 p r i t l a k u 2 7 5 b a r p o 
p o s a m e z n i h f r a k c i j a h . 

3 Izdelava PM materialov s tehnologijo hitrega strje-
vanja 

P o l e g n a p r a v e z a v o d n o a t o m i z a c i j o n a m n a I M T L j u b l -
j a n a o m o g o č a i z d e l a v o k o v i n s k i h p r a h o v t u d i n o v a l a b -
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S l i k a 3 . P o v p r e č n a ve l ikos t de lcev v odvisnos t i od tlaka 

r azp r ševa lnega sredstva za hitrorez.no j e k l o B R M - 2 ( I M T Ljubl -

j a n a — v o d n i a t o m i z e r D5 /2 D a v y M c Kee) . 

F i g u r e 3. Tlie var ia t ion of the m e d i a n part ic le size with a tomiz ing 

p res su re fo r H S S type M - 2 p o w d e r (Davy M c Kee D5/2 wate r a tomizer . 

I M T l jub l j ana ) . 
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Sl ika S. Tekočnos t v o d n o a tomiz i ran ih p rahov p o p o s a m e z n i h ve-
l ikostnih razredih (p r imer j ava B R M - 2 in n e r j a v n o j e k l o 19Cr9Ni N C 
pri t laku vode 2 0 0 bar. I M T L j u b l j a n a — v o d n i a tomize r D 5 / 2 Davy Mc 
Kee) . 

F i g u r e 5 . F lowabi l i ty of wa te r a tomized p o w d e r s versus part icle 

size ( f rac t ions) for 2 0 0 bars w a t e r p ressure ( H S S . M - 2 t>pe and SS. 

19Cr-9Ni type mater ia l s , D a v y Mc Kee D5 /2 w a t e r a tomizer . I M T 

l jubl jana) . 

F i g u r e 4. T h e h i s t o g r a m of par t ic le size distr ibut ion based on the 

sc reen ing ana lys i s da ta of wa te r a tomized p o u d e r s for d i f ferent a tom-

izing p res su res ( I ISS , M - 2 type mate r ia l . Davy Mc Kee D.V2 water 

a t o m i z e r — I M T L jub l j ana ) . 

4 Zgoščevanje kovinskih prahov 

N a s l e d n j a s t o p n j a i z d e l a v e k o n č n e g a P M i z d e l k a j e k o n s o l -
i d a c i j a o z i r o m a z g o š č e v a n j e i z d e l a n e g a k o v i n s k e g a p r a h u . 
P o p o l n a z g o s t i t e v j e p o g o s t o p o g o j z a d o s e g a n j e p o s e b -
n i h l a s t n o s t i m o d e m i h m a t e r i a l o v . V o k v i r u p r a k t i č n e g a 
d e l a n a z g o š č e v a n j u k o v i n s k i h p r a h o v s m o p o l e g p r i p r a v l -
j a l n i h d e l z a v r o č o e k s t r u z i j o h i t r o r e z n i h j e k e l , i z v a j a l i 
p r e i z k u s e h l a d n e g a i z o s t a t s k e g a s t i s k a n j a ( C I P ) , s i n t r a n j a 
v v a k u u m u i n v o d i k u t e r v r o č e g a k o v a n j a i n v r o č e g a 
i z o s t a t s k e g a s t i s k a n j a ( H I P ) . V n a t a n č n e j š i o p i s o p r a v l -
j e n e g a d e l a i n r e z u l t a t o v s p o d r o č j a z g o š č e v a n j a k o v i n -
s k i h p r a h o v s e z a r a d i o m e j e n e g a p r o s t o r a n e b o m o p o g l a b l -
j a l i . D e l o o p r a v l j e n o v p r e t e k l e m o b d o b j u l a h k o z a i n t e r e s i r -
a n i n a j d e v o b s e ž n e j š e m z a k l j u č n e m p o r o č i l u ' i n k r a t k e m 
p r i l o ž e n e m s l i k o v n e m g r a d i v u . N a s l i k i 7 j e t a k o p r i k a z a n a 
s t i s l j i v o s t 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 v p r i m e r j a v i 
s t u j o l i t e r a t u r o 1 1 . N a s l i k i 8 s o p r i k a z a n e s t o p n j e h l a d -
n e g a i z o s t a t s k e g a s t i s k a n j a , n a s l i k a h 9 i n 1 0 p a m i k r o s t r u k -
t u r e n a I M T L j u b l j a n a s i n t r a n i h v z o r c e v p r e d h o d n o h l a d n o 
i z o s t a t s k o s t i s n j e 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 . 

o r a t o r i j s k a n a p r a v a z a u l i v a n j e a m o r f n i h t r a k o v M e l t -
S p i n n e r ( M a r k o M a t e r i a l s I n c . ; Z D A ) , s p r i p a d a j o č i m 
d r o b i l c e m z a u p r a š e v a n j e a m o r f n i h t r a k o v m o d e l 1 0 M 
R i b b o n P u l v e r i z e r . P r e d n o s t t e n a p r a v e j e v t e m , d a 
o m o g o č a d e l o v v a r o v a l n i a t m o s f e r i a l i v a k u u m u p r i z e l o 
v e l i k i h h i t r o s t i h o h l a j a n j a ( 1 0 6 o C / s — R S T — a n g l . : R a p i d 
S o l i d i f i c a t i o n T e c h n o l o g y ) . P o l e g i z d e l a v e m i k r o k r i s t a l -
i n i č n i h i n a m o r f n i h p r a h o v p a n a p r a v a o m o g o č a t u d i 
i z d e l a v o l i t i h , t a n k i h , a m o r f n i h t r a k o v iz m e h k o m a g n e t -
n i h m a t e r i a l o v , u p o r a b n i h p r e d v s e m v e l e k t r o n i k i i n e l e k -
t r o t e h n i k i . V o k v i r u n a š e g a R R d e l a n a p o d r o č j u a m o r f n i h 
i n m i k r o k r i s t a l i n i č n i h m a t e r i a l o v s m o i n t c l i v r s t o a k t i v n o s t i . 
O b s e g t e h a k t i v n o s t i j e b i l p o d a n n a s i m p o z i j u o e l e k -
t r o n s k i h s e s t a v n i h d e l i h i n m a t e r i a l i h , S D - 9 0 v o b l i k i p r e -
c e j o b š i r n e g a r e f e r a t a i n g a z a t o n a t e m m e s t u n e b i 
p o n a v l j a l i 1 " . P r e i s k u s n i z a g o n i n z a č e t n e p r e i z k u s e s m o 
i z v a j a l i z z n a n o m e h k o m a g n e t n o z l i t i n o n a z i v n e s e s t a v e 
F e 7 n S i ] s B i s . V p o i z k u s n i f a z i s m o ž e i z d e l a l i p r v e l a s t n e 
a m o r f n e t r a k o v e š i r i n e 0 . 5 m m i n d e b e l i n e 2 0 / / .m, p r i m e r n e 
z a u p r a š e v a n j e . 

5 Zakl jučki 

V d r u g i f a z i n a š e R R n a l o g e s m o o p r a v i l i v o k v i r u z a s t a v l -
j e n e g a p r o g r a m a s l e d e č e d e l o : 

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

2 ) P r i č e l i s m o s s i s t e m a t i č n i m d o l o č e v a n j e m 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 n a l a s t n o s t i p r a h o v 
h i t r o r e z n i h j e k e l . T a k o s m o d o l o č i l i z a h i t r o r e z n o j e k l o 
Č . 7 6 8 0 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 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 p r a h u . N a o s n o v i p r e i z k u s o v j e p o s t a v l -
j e n a e m p i r f e n a e n a č b a o d v i s n o s t i p o v p r e č n e v e l i k o s t i d e l -
c e v p r a h u o d 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 . T a o m o g o č a 
z a d a n e p a r a m e t r e n a p r a v e o k v i r n o n a p o v e d p o v p r e č n e v e -
l i k o s t i d e l c e v i n t u d i o s t a l i h m o r f o l o š k i h l a s t n o s t i i z b r a n e g a 
h i t r o r e z n e g a j e k l a . P r i č e l i s m o z n a t a n č n e j š o a n a l i z o v s e b -
n o s t i k i s i k a v p r a h o v i h . V s e b n o s t k i s i k a v i z d e l a n i h p r a -
h o v i h j e p o p r i m e r j a v i s t u j o l i t e r a t u r o v o k v i r u t e h n o l o š k i h 

pod 63 63 75 9 0 125 180 250 355 500 710 1000 1400 
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S l i k a 4 . H i s t o g r a m ve l ikos tne porazde l i tve delcev prahu v odvis-

nost i od t laka r azp r ševa lnega sredstva za h i t ro rezno j e k l o B R M - 2 ( I M T 

L j u b l j a n a — v o d n i a t o m i z e r D 5 / 2 D a v y M c Kee) dobl jen na osnovi se-

j a lne anal ize . 

1 1 1 

T l a k v o d e 
- t m 100 b a r o v — 

m 150 b a r o v 
h O 200 barov — 

M 2 7 5 barov 



Frakcija prahu (pm) 
Sl ika 6 . Nas ipne in s t resane gos to te v o d n o a t o m i / j ranega prahu p o 
p o s a m e z n i h ve l ikos tn ih razredih ( B R M - 2 pri t laku vode 275 bar, I M T 
L j u b l j a n a — v o d n i a tomize r D5 /2 D a v y M c Kee). 

F'igure 6. Appa ren t and t ap densi t ies of wa te r a tomized povvders for 
d i f f e ren t f r a c t i ons at 275 bars wate r pressure (HSS M - 2 type mater ia l , 
D a v v M c K e e D 5 / 2 wa tc r a tomizer , I M T Lj) . 

Sl ika 7. S t i s l j ivos t o z i r o m a odvisnos t zelene gostote od t laka s t iskanja 
v o d n o a t o m i z i r a n e g a h i l ro reznega j ek la B R M - 2 . Vzorci so bili h l a d n o 
izos ta t sko s t i skani v po l iv re tansk ih mode l ih na IJS Ljub l jana . 

F i g u r e 7. C o m p r e s s i b i l i t y of wa te r a tomized H S S M - 2 type mater ia l , 
( u a t e r a tomiza t i on at I M T and C I P at IJS L jub l jana) . 

m o ž n o s t i v o d n e a t o m i z a c i j e . 
3 ) D o b l j e n e r e z u l t a t e p r e i z k u s o v s m o p o v e z a l i z o b s t o j e č i m i 
t e o r e t i č n i m i m o d e l i in p r a k t i č n i m i i z k u š n j a m i t u j i h r a z i s k o -
v a l c e v . B i m o d a l n a v e l i k o s t n a p o r a z d e l i t e v d e l c e v k a ž e 
n a t o , d a n a n a š i n a p r a v i v p r i m a r n e m s t a d i j u d e z i n t e -
g r a c i j e p r e v l a d u j e h i d r o d i n a m i č n i m e h a n i z e m . P r e d s t a v l -
j e n i s o t u d i m o ž n i m e h a n i z m i s e k u n d a r n e d e z i n t e g r a c i j e 
m e d v o d n o a t o m i z a c i j o . 

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

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

6 ) I z d e l a l i s m o v i t a l n e d e l e e k s t r u z i j s k e g a o r o d j a , k i n a j b i 
v n a d a l j e v a n j u o m o g o č a l o p r e i z k u s n o v r o č e e k s t r u d i r a n j e 
k o v i n s k i h p r a h o v n a i n d u s t r i j s k i s t i s k a l n i c i . 

7 ) O s v o j i l i s m o l a s t n o i z d e l a v o p o l i v r e t a n s k i h m o d e l o v z a 
h l a d n o i z o s t a t s k o s t i s k a n j e . T o n a m o m o g o č a p r i p r a v o 
s t i s k a n c c v iz k o v i n s k i h p r a h o v d i m e n z i j <j> 2 5 x 8 0 m m 
p r i m e r n i h z a n a d a l j n e z g o š č e v a n j e s s i n t r a n j e m . 

Slika 8. S topn je izde lave h l a d n o izostatsko s t i sn jenih surovcev 
hi l roreznega j ek la in d rug ih vrst k o v i n s k i h p rahov : (1) kov insk i mode l , 
(2) pol iure tanski m o d e l , (3) s t i sn jenec p o C I P v po l i u r e t anskem m o d e l u 
in (4) s t i sn jenec iz h i l ro reznega B R M - 2 jek la . 

F i g u r e 8 . C I P steps for the p repara l ion of green p o u d e r c o m p a c t s : 
(1) metal m o u l d , (2) po lyu re thane bag , (3) g reen c o m p a c t in the 
po lyure thane bag a f t e r C I P and (4) green c o m p a c t . 

Sl ika 9. Mikrostruktura v vakuumu sintranega vzorca B R M - 2 (vod. 
a tomiz . /CIP) R K M , 2 0 0 0 x . 

Figure 9. S E M m i c r o g r a p h of v a c u u m s in tered M - 2 type p o w d e r 
(vvater a tomiz . /CIP) . 

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

9 ) P r e l i m i n a r n i p r e i z k u s i s i n t r a n j a t u j i h i n n a I M T i z d e -
l a n i h v z o r c e v k a ž e j o n a r e l a t i v n o s l a b o s i n t e r a b i l n o s t p r a -
h o v h i t r o r e z n i h j e k e l . P o p o l n a z g o s t i t e v b o m o ž n a l e z 
n a d a l j n o v r o č o e k s t r u z i j o a l i v r o č i m i z o s t a t s k i m s t i s k a n j e m . 
S i n t r a n j e d o p o p o l n e z g o s t i t v e b i b i l o m o ž n o l e s p r i m e r n -
i m i d o d a t k i , k i t v o r i j o t e k o č o f a z o . 

1 0 ) N a p o d r o č j u v r o č e g a i z o s t a t s k e g a s t i s k a n j a s m o p r i č e l i 



Slika 10. Mikrostruktura v vakuumu sintranega tujega vzorca vodno 
atomiz. prahu. REM (BR j ek lo tip T15). 

Figure 10. SUM micrograph of vaeuum sintered T-15 type vvater 
a tomized powder. 

s p r ip ravo s is tema za zgoščevan je prahu s s t resanjem ter 
s i s tema za evaku i r an j e z va r j en je konte jner jev pred HIP. 

6 Li teratura 
: B . Š u š t a r š i č , F. V o d o p i v e c , B . B r e s k v a r : L i t e r a t u r n a 

š t u d i j a o p o s t o p k i h m e t a l u r g i j e p r a h o v . P o r o č i l a I M T 
L j u b l j a n a , j u n i j 1 9 8 9 . 

2 B . Š u š t a r š i č . F. V o d o p i v e c , B . B r e s k v a r . A . R o d i č , V. 
L e s k o v š e k : V o d n a a t o m i z a c i j a k o v i n s k i h ta l in in k o n -
s o l i d a c i j e k o v i n s k i h p r a h o v , i n t e r n a n a l o g a 8 8 - 0 6 6 I M T 
L j u b l j a n a . 1 9 8 8 . 

3 B . Š u š t a r š i č . F. V o d o p i v e c . M . K o m a c : T e h n o l o g i j a 
v r o č e g a i z o s t a t s k e g a s t i s k a n j a . Z b o r n i k 3 9 . P o s v e t a o 
m e t a l u r g i j i in k o v i n s k i h g r a d i v i h . P o r t o r o ž , o k t o b e r 1 9 8 8 . 
str.: 1 1 9 - 1 3 8 . 

4 R . M . G e r m a n : P o v v d e r M e t a l l u r g y S c i e n c e . M e t a l Povv-
d e r I n d u s t r i e s F e d e r a t i o n ( M P I F ) . P r i n c e t o n , N e w J e r s e y . 
1 9 8 4 . 

5 F.V. L e n e l : Povvder M e t a l l u r g y — P r i n c i p l e s a n d A p p l i c a -
t i o n s . M P I F , P r i n c e t o n . N e w J e r s e y . a p r i l 1 9 8 0 . 

6 B . K i s h o r , M . K u l k a r n i : M e t a l P o w d e r s U s e d fo r H a r d -
f a c i n g , M e t a l H a n d b o o k . 9 t h e d i t i o n , V o l u m e 7. P o w d e r 
M e t a l l u r g y , str.: 8 2 3 . 
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