
T H E O R Y ,  P R O D U C T I O N  T E C H N O L O G Y ,  AND P R O P E R T I E S  
O F  P O W D E R S  AND F I B E R S  

E F F E C T  O F  B L A S T  P A R A M E T E R S  ON T H E  M E C H A N I S M  

OF DISINTEGRATION OF A MOLTEN METAL JET 

AND ON THE PROPERTIES OF ATOMIZED POWDERS 

B.  N.  P u t i m t s e v  UDC 62 ] .762.767 

Oar  knowledge of the mechan i sm of d is in tegra t ion  of a h igh - t empe ra tu r e  mol ten  meta l  jet  under  the 
act ion of a gas s t r e a m  is l a rge l y  hypothetical  in c h a r a c t e r  and has not been conf i rmed by d i rec t  e x p e r i -  
mental  data.  In [1], the a tomiza t ion  p r o c e s s  of mol ten meta ls  is linked with a two-s tage  mechan i sm of 
d is in tegra t ion of the jet  and its e lementso Yet the actual  mechan i sm involved in the d is in tegra t ion of the 
jet  and the subsequent  b reaking  up of the p r i m a r y  drops is not yet  fully unders tood,  in spite of the appl i -  
cation of such d i rec t  methods of inves t igat ion as photography and h igh-speed  f i lming.  At the s a m e  t ime,  
it has been shown [2] that  many p r o p e r t i e s  of a tomized  powders  depend to a l a rge  extent on b las t  p a r a -  
m e t e r s  and a r e  t he re fo re  d i rec t ly  a s soc ia t ed  with the p r o c e s s e s  occur r ing  during the d is in tegra t ion  of the 
mol ten  meta l  jet .  Consequently,  the c h a r a c t e r  of changes in some physicotechnological  p r o p e r t i e s  of 
powders  may  supply ind i rec t  evidence suggest ing which pa r t i cu l a r  mechan i sm of jet  d is in tegra t ion  is 
opera t ive  or  dominant  under any given p r o c e s s  conditions. 

To de te rmine  the ef fec t  of b las t  p a r a m e t e r s  on the fo rmat ion  of meta l  and al loy pa r t i c l e s  and on the 
c h a r a c t e r i s t i c s  of the r e su l t an t  powders ,  expe r imen t s  we re  conducted on the a i r  and ni t rogen a tomizat ion 
of jets  of mol ten  i ron and 50 N i r o n - n i c k e l  a l loy.* Atomizat ion was p e r f o r m e d  in a g a s - s t r e a m  atomizing 
unit with a convergent  annular  nozzle ,  as desc r ibed  in [3]~ At b las t  p r e s s u r e s  in the nozzle of more  than 
200 k N / m  2, the meta l  jet was d i s in tegra ted  by a gas s t r e a m  issuing f rom the nozzle  with a ve loci ty  of not 
m o r e  than 320 m / s e c .  The gas p r e s s u r e  a t  the mouth of the nozzle exceeded t h e p r e s s u r e  of the a tmosphe re  
into which the gas emerged ,  and consequently a tomizat ion was effected by a concentra ted  and e las t ic  gas 
s t r e am~  The p r e s s u r e  in such a s t r e a m ,  a t  the mouth of the nozzle,  can be found f rom the re la t ionship  

P2 = ~'P~' 

where  P2 is the p r e s s u r e  in the s t r e a m  at  the mouth of the nozzle,  in k N / m  2, P,  the gas p r e s s u r e  before  
e m e r g e n c e  f r o m  the nozzle ,  in k N / m  2, and fl a coefficient,  equal to 0.528 for  dia tomic gases .  

Rais ing the gas p r e s s u r e  i nc rea sed  both the gas outlet  veloci ty,  to the veloci ty  of sound, and the r a t e  
of flow of the gas ,  thereby  eausing the total  kinet ic  energy  of the b las t  to grow. With i nc rea se  in b las t  
p a r a m e t e r s ,  gas eddy cu r ren t s  nea r  the lower  end of the nozzle become intensif ied.  Impingement  on these  
cu r r en t s  d i s turbs  the mol ten meta l  jet ,  which lo ses  its continuity and b reaks  up into p r i m a r y  drople ts  (or 
l igaments )  well  above the a tomizat ion  focus (Fig~ 1)o In the focal  a tomiza t ion  zone, the p r i m a r y  e lements  
of the jet  a r e  d i s in tegra ted  by the main,  concent ra ted  gas s t r e a m  into fine d rop le t s ,  which cool down and 
solidify in the gas s t r e a m  below the a tomiza t ion  focus.  

Since the ve loc i ty  and densi ty of the gas s t r e a m  apprec iab ly  fall with inc reas ing  dis tance f r o m  the 
nozzle mouth and the pr incipal  axes  of the s t r e a m  [4, 5], the ef fec t iveness  of the d is in tegra t ion of the 
p r i m a r y  jet  e l emen t s  in the focal a tomizat ion  zone (zone HI in Fig.  la) v a r i e s ,  which is one of the main 
r ea sons  why a tomized  powders  exhibit  substant ia l  var ia t ions  in pa r t i c le  s i ze .  An a tomized  powder may  
contain pa r t i c les  of few mic rons  and 1-2 m m  in s ize ,  the propor t ion  of fine pa r t i c les  inc reas ing  with r i s e  
in b las t  p r e s s u r e  [6, 7]. 

*50% Fe- -50% Ni al loy - T r a n s l a t o r .  
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Fig.  1. D i a g r a m m a t i c  r ep r e sen t a t i on  (a) and photograph 
(b) of a tomiza t ion  of molten meta l  jet .  Zones:  I) of eddy 
cu r r en t s  and jet  d i s turbancel  II) of initial disrupt ion of 
mol ten  jet; III) of intense disrupt ion (atomization focus);  
IV) sol idif icat ion and assumpt ion  of final pa r t i c le  s ize  
and shape.  

In our  expe r imen t s ,  the b l a s t  p r e s s u r e  was va r i ed  f rom 150 to 600 k N / m  2. The d i a m e t e r  of the 
pouring channel of the meta l  container  (a quar tz  tube) was 6.5 • 0.1 ram.  The r e su l t an t  pa r t i c les  were  
f inal ly cooled in wate r ,  a f t e r  which they were  drained,  d r ied  in a vacuum des i cca to r  a t  70-100 ~ C, and 
reduced  in a dr ied hydrogen a t m o s p h e r e  at  600-800 ~ C~ 

A study of the physical  and fabr ica t ion  p r o p e r t i e s  of powders  produced by a tomiz ing  low-ca rbon  
(0.02% max C) mol ten  meta l s  demons t r a t ed  that,  in both a i r  and ni trogen a tomizat ion  p r o c e s s e s ,  r a i s ing  
the b las t  p r e s s u r e  i n c r e a s e s  the apparen t  and pyknomet r i c  densi t ies  of powder f rac t ions ,  lowers  the 
oxygen content of the f ines t  f rac t ions ,  and i n c r e a s e s  the propor t ion  of fine pa r t i c l e s  in the powder (Fig. 2). 
In the a i r  a tomiza t ion  of 50 N al loy,  the nickel content of the fine powder f rac t ions  was found to fall 
s l ightly,  p r e s u m a b l y  due to an en r i chment  of the su r face  l a y e r s  of the jet  and the p r i m a r y  drople ts  (from 
which fine pa r t i c les  a r e  mos t  l ikely  to form)  in i ron oxides.  Such a red i s t r ibu t ion  of i ron between the 
main volume of a drop and its  su r face  l a y e r  can indeed be expected to take place,  because  i ron oxidation 
p redomina te s  in the oxidation p r o c e s s  of mol ten  i r o n - n i c k e l  a l loys [8]. 

To gain a be t t e r  insight  into the phenomena obse rved  in the invest igat ion into the a i r  a tomizat ion  
of i r o n ' n i c k e l  mel t s ,  expe r imen t s  were  c a r r i e d  out on a 50 N al loy which had been ca rbur i zed  during 
product ion to 0.8% C. The carbon pro tec ted  the meta l l i c  bas i s  of liquid drople ts  aga ins t  oxidation and 
v i r tua l ly  p reven ted  nickel oxides f r o m  fo rming  on the pa r t i c l e  s u r f a c e s .  This was conf i rmed by an e l ec -  
t ron dif f ract ion ana lys i s  of the s~ r face  par t i c le  l a y e r ,  which revea led  the p r e s e n c e  of i ron oxides,  only 
main ly  Fe304. Samples  of 50 N alloy powder intended for  nickel de te rmina t ion  had been annealed for  4 h 
in hydrogen a t  800 ~ C. The res idua l  carbon and oxygen contents of the powder did not exceed0.01 and0.02%, 
r e spec t ive ly .  

A coInpar ison of par t ic le  s ize  and chemical  composi t ion  dis t r ibut ion curves  for  the 50 N al loy powder 
(Fig. 3) shows that  the g r e a t e s t  nickel content deviat ions w e r e  obse rved  for  < 0.25-0.3 m m  f rac t ions .  The 
chemical  composi t ion  of c o a r s e r  pa r t i c l e s  at  all b las t  p a r a m e t e r s  r ema ined  p rac t i ca l ly  constant .  These  
exper imenta l  data sugges t  that  the fo rmat ion  of fine and c o a r s e  pa r t i c l e s  at  dif ferent  b las t  p a r a m e t e r s  may  
be due to d i f ferent  m e c h a n i s m s .  It would appea r  that coa r s e  pa r t i c les  a r e  fo rmed  through the division of 
l a rge  p r i m a r y  mol ten  metal  drops  into a r e l a t ive ly  smal l  number  of f iner  d rop le t s ,  in which twinning is 
the opera t ive  mechan i sm.  The fo rmat ion  of pa r t i c l e s  by this mechan i sm is i l lus t ra ted  in Fig.  4, which 
shows a par t i c le  solidif ied at  the ihstant  of division.  It is conceivable a lso  that some p r i m a r y  drops  b r eak  
up by a complex twinning mechan i sm,  resu l t ing  in the fo rmat ion  of three ,  four,  or  more  pa r t i c l e s  f r o m  a 
single elongated drop.  As the twinning mechan i sm ope ra t e s  main ly  a t  low b las t  p a r a m e t e r s ,  fine pa r t i c l e s  
a r e  unlikely to be produced f r o m  the whole volume of molten meta l .  
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Fig.  2. Effect  of b las t  p r e s s u r e  on oxygen content (a), 
appa ren t  densi ty  (b), and pyknomet r i c  densi ty  (c) of i ron  
powder .  Atomizat ion  with: �9 a i r ;  o) ni t rogen.  
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Fig.  3. Effect  of b l a s t  p r e s s u r e  on pa r t i c t e  s ize  (a) and 
chemica l  composi t ion  (b) dis t r ibut ion curves  for  50 N 
al loy powders :  1) 150; 2) 200; 3) 250; 4) 400; 5) 600 k N / m  2. 

The mechan i sm of shock ("explosive ,"  accord ing  to [1]) d is integrat ion of p r i m a r y  jet e lements  is 
opera t ive  p r i m a r i l y  at high b las t  p a r a m e t e r s ,  when the gas s t r e a m  has sufficient  kinet ic  energy  to b r eak  
up p r i m a r y  drops  into a multi tude of fine p a r t i c l e s .  Even in this case ,  however ,  in the pe r iphe ra l  zones 
of the gas s t r e a m ,  where  the gas ve loc i ty  sharp ly  fal ls ,  the twinning mechan i sm may  be chiefly respons ib le  
for  pa r t i c l e  d is in tegra t ion .  

Analys is  of cu rves  cha rac t e r i z ing  the va r ia t ion  in chemical  composi t ion of 50 N al loy with par t ic le  
s ize  (Fig. 3) shows that fine powder f rac t ions  a re  f o rmed  f rom p r i m a r y  mol ten metal  drops  more  than 
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0~ mm in size. The continuous variation in chemical composition of 
the alloy with particle size is evidence that we are dealing here not with a 
single act of "explosive" disintegration of large particles,  as described in [1], 
but with a steady process in which f i rs t  a pr imary drop and then the droplets 
produced from it break up into still finer part icles.  The possibility of liquid 
particles disintegrating in such a ser ies  of steps is demonstrated by, for  

Fig. 4. Division of molten example, data on the residence time of particles in the liquid state [9]. It is 
drop, a r res ted  by rapid found that, at low blast parameters ,  fine particles are formed from the sur -  
cooling, x 200. face layers  of l a rger  drops. Increasing the energy parameters  of the blast 

steadily ra ises  the proportion of particles forming from the whole volume of 
pr imary  drops, which, of course, ensures that the particles have a more uni- 
form chemical composition. 

Conditions resulting in the production of powders with particles having the greatest  nonuniformity 
of chemical composition prevail when the maximum in their distribution curves occurs in the region of 
large part icles.  This maximum shows that the twinning mechanism plays the dominant role in the disinte- 
gration of pr imary molten metal drops. With increase in blast parameters ,  the maximum in the region of 
large particles gradually becomes less pronounced and finally disappears, while at the same time a maxi- 
mum in the region of fine particles appears and steadily increases in size.  Since increasing the blast 
parameters  results in the production of powder having a more uniform chemical composition as a function 
of particle size, which is an indication that the shock mechanism plays a greater  part  in pr imary drop 
disintegration, it is reasonable to assume that the maximum in the region of fine particles character izes 
the extent to which the shock (explosive) mechanism is responsible for the disruption of the molten metal 
jet. 

In actual processes  for the manufacture of steel and alloy powders, blast parameters  at which the 
shock (explosive) mechanism of particle formation plays the dominant role should be regarded as cri t ical .  

On the basis of data yielded by this investigation, practical recommendations have been made which 
should enable alloy powders to be produced with particles having the same composition i r respect ive of 
their size. 

C O N C L U S I O N S  

1. It has been confirmed that, under the action of a gas stream, a molten metal jet breaks up in two 
stages, resulting in the formation of pr imary  drops (ligaments) above the disintegration focus and fine 
particles in the focal atomization zone. 

2. It has been established that the shock (explosive) mechanism of particle formation and the twinning 
mechanism operate simultaneously, the fo rmer  predominating at higher blast parameters  and the lat ter  
at low. It is shown that the shock mechanism reveals itself in a ser ies  of steps, in which f i rs t  pr imary 
drops and then the droplets produced from them break up into still f iner particles.  
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