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Atomizat ion of a jet  of mol ten m a t e r i a l  is one of the mos t  effect ive methods of p repa ra t ion  of meta l  
and alloy powders  [1, 2]. To improve  the t he rmodynamic  gas  p a r a m e t e r s ,  Lhe p resen t  authors  have de -  
veloped a technique for  producIng such powders  with the aid of a supersonic ,  h igh - t empe ra tu r e  gas jet.  
A novel  f ea tu re  of the new technique is that the energy  c a r r i e r  fo r  the a tomizat ion of a mol ten me ta l  jet  
is produced within the appara tus  i tself ,  in a spec ia l  gas  gene ra to r  [3] operat ing on c o m p r e s s e d  a i r  and 
a hydrocarbon  fuel  (gasoline,  ke rosene ,  gas ,  etc .) .  Thus,  the function of the gas  g e n e r a t o r  is to produce 
gaseous  combust ion products  of any chemica l  composi t ion and acce l e r a t e  the i r  d i scharge  f r o m  a specia l  
nozzle unit to a supersonic  veloci ty .  

The gas  g e n e r a t o r  (Fig. 1) is  a combust ion chambe r  of the a i r -b r ea th ing  jet  engine type.  I t  cons is t s  
of the shel l  1, the window 2, the in jec tor  holder  3, the a i r  swir l ing device 4, the in jec tor  5, the f i re  tube 6, 
the spa rk  plug 7, the gas  duct 8, and the nozzle unit 9. The gas  s t r e a m  issuing at a supersonic  veloci ty  is 
d i rec ted  onto a jet  of mol ten  meta l  and d i s in tegra tes  it. The gas  composi t ion may v a r y  depending on the  
ra t io  of the components  and the chemica l  composi t ion of the fuel. The gas  gene ra to r  enables  the p a r a -  
m e t e r s  of the gas  jet issuing f r o m  the nozzle unit to be continuously regula ted  within the following ranges :  
t e m p e r a t u r e  f r o m  500 to 1500~ and veloci ty  f r o m  700 to 1250 m / s e c .  

In the f i r s t  phase ,  to min imize  expe r imen ta l  cos ts ,  it was decided to employ the new gas g e n e r a t o r s  
in conjunction with an indust r ia l  c o m p r e s s e d - a i r  a tomizat ion  instal lat ion.  Fo r  the supply of liquid fuel,  
a pump or  a h i g h - p r e s s u r e  s y s t e m  may  be used.  Thus,  such an instal la t ion fo r  the g a s - j e t  a tomizat ion  
of me t a l s  and a l loys  cons is t s  of the units  shown d i ag rammat i ca l l y  in Fig.  2. 

At the Zaporozhe Fe r roa l l oy  Plant ,  in addition to the industr ia l  instal la t ion,  an expe r imen ta l  ins ta l -  
l a t ionbased  on the s ame  pr inciple  was cons t ruc ted  fo r  conducting compara t ive  t e s t s .  Bearing in mind that ,  
other  things being equal,  the powder par t i c le  s ize depends on the type and design of the nozzle unit,  c o m -  
pa ra t ive  t e s t s  were  c a r r i e d  out a lso  on nozzle units of two - annular  and mult i je t ,  with separa te  Laval  
nozzles  - t y p e s  (Fig. 3). The meta l  jet  d i ame te r  was kept constant  at 9 ram.  

Fig.  1. Gas gene ra to r .  F o r  descr ip t ion  see text .  
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TABLE 1. Resul ts  of Compara t ive  Studies of C o m p r e s s e d - A i r  and G a s - J e t  Atomizat ion of Fe r ro s i l i con  

No. Energy carrier 

C o m p r e s s e d  a i r  

Type of nozzle  unit 

Unitwith six Laval  noz-  

z les ,  Fc r . to t  = 238 ram2 

The same  
The s ame  
The s ame  

l Supersonic ,  h i g h - t e m p -  
e r a t u r e  gas  jet  

The s ame  

The same  
The same  
The same  

The s ame  
The s a m e  
Annular  noz z le,  

F c r  =340 m m  2 

Unit with six Lava l  
nozzles, 
Fcr . t o t  =238 m m  2 

Average  

Annular  nozzle ,  
F c r =  340 mm2 

The same  
The s a m e  
The s a m e  

Pe rcen tage  y ie lds  of powder f rac t ions  (in #) 

-160 -100 -63  
+160 --40 

+ 100 +63 +40 

22.3 19.2 23.7 !17.2 17.6 

18.71 19.56 2 9 . 3 6  18 .81  13.5 
12.45 22.35 32 .00  18 .80  14.50 

6.52 16.27 33 .42  25 .12  18.67 

13.8 15 .48  25 .08  2 2 . 5 8  23.68 
9.7 12.6 20.3 23.5 33.9 
6.66 9.21 20 .31  25 .16  38.66 

10.05 12.43 2 1 . 7 9  2 3 . 7 4  32.08 

2.7 12.3 25.3 31.1 28.6 
15.00 17.80 26 .00  19 .00  22.20 
8.35 12.25 2 4 . 2 0  24.9 30.40 

12.70 15.05 25.80 22.5 23.95 

Average  12.00 

*Samples were  col lec ted  per iod ica l ly  during 16 rain of gas  g e n e r a t o r  opera t ion.  

25.33 25.51 

23 4 5 6 7 8 ~  9 

Fig. 2. D i a g r a m  of insta l la t ion fo r  g a s - j e t  a t o m -  
ization of liquid m e t a l s  and a l loys:  1) e l ec t r i c  motor ;  
2) reduct ion gear ;  3) a i r  c o m p r e s s o r ;  4) r e c e i v e r ;  
5) a i r  duct; 6) valve;  7) gas  gene ra to r ;  8) e l ec t r i c  
furnace;  9) me ta l  container ;  10} nozzle  unit; i l}  pumps;  
12} powder tank; 13) magnets ;  14} fuel  supply tube; 
15) a i r  manome te r ;  16} r e v e r s e  valve;  17) fuel con -  
t r o l  cock; 18} fuel  p r e s s u r e  m a n o m e t e r ;  19) fuel  
tank; 20) a i r  cyl inder ;  21) fuel  d ischarge  reduct ion  
va lve .  

In view of production r e q u i r e m e n t s  and 
the c lass i f ica t ion  employed at the plant,  the 
powder yie ld  was divided into five groups ,  as  
shown in Table 1. The whole powder with 
pa r t i c l e s  l e s s  than 40 ~ in s ize was c lass i f ied  
as belonging to a single group.  

Tes t s  c a r r i e d  out with th is  insta l la t ion 
demons t r a t ed  that  a superson ic ,  h i g h - t e m p -  
e r a t u r e  gas  s t r e a m  a tomizes  liquid f e r r o -  
s i l icon m o r e  effect ively  than does c o m p r e s s e d  
a i r .  Raising the mean  gas  t e m p e r a t u r e  in 
the gas  g e n e r a t o r  and at the outlet f r o m  the 
nozzle  unit has a s t rong effect  and a l t e r s  the 
par t ic le  s ize dis tr ibut ion of the powder by 
significantly inc reas ing  the amount of the fine 
f rac t ion .  This  is c l ea r ly  shown by the a t o m -  
ization data cited in Table  1: The yie ld  of 
< 40 p pa r t i c l e s  r i s e s  on the ave rage  f r o m  
16.4 to 24.5% with the annular  nozzle unit and 
f r o m  15.22 to 32.08% with the unit i n c o r p o r a t -  
ing six s epa ra t e  Laval  nozz les .  Data re la t ing 
to some s amp le s  of the powders  produced 
and a genera l  ana lys i s  of the operat ion of the 
instal la t ion p e r m i t  the conclusion that ,  with 
appropr ia t e  meta l  p repa ra t ion  and sui table 
set t ing of the gas  g e n e r a t o r  and the nozzle 
unit, the y ie ld  of the fine f rac t ion  can be at 
l eas t  doubled. 
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T A B L E  2. Resu l t s  of C o m p r e s s e d  A i r  A tomiza t i on  T e s t s  on Nozzle  
Units  

d ~  
z o ~  S ~  ~E 

~ e  

| 

>-2 E 

=.~ . ~  

Percentage yields of powder 
fr actions~(in/1) 

; ; + l + l +  , o o ~  o o o ~  

I 

1 A 8 l0 
2 

3 A 6 6 

5 7 
6 A 

7 B -- 
8 

9 B ~0 
10 

1[1 C 
12 

52 628 

52 451 

521 614 

52 456 

52 480 

306 
280 

--6,0 20,0 ,I0,06,96'85 
19,6-- 9,0 ~5~3 

19,3--13,8 6,9 --5,0 
19,4--13,3 7~0 7,0 --5,0 
19,6-- 9,3 --4,75 I 
19,5--10,0 6,05--4,0 
19,3--10,3 6,0 --4,375 

19,0-- 9,2 4,875--3,75 
19,5--11,4 

19,5--,11,0 4,125--3,375 
19,4--12,8 3,75 --3,0 

31,42 
20,92 

24,92 
8,22 

25,74 
21,06 

9,72 1,62 25,12132,12 
10,82 8,92 22,2237,12 

Average ]34,62 

I 1,321 9,62] l 9,62134,52 
8,32115,72118,92148,82 
2,04 6,94128,44136,84 
3,76 7,86 32,76 34,56 

1Average t40,07 
33,5811,4811278d7,08125,08 
20,24110,841 3'04128,54L37,34 

[ Average 131,21 
28,84t19,541 1 24120,34130,04 
23,32 9,32 lO172121,42135,2~. 

I [A-verage 132,63 
'21,76] 6,4611 56 ,25 8644 36 
24,18] 8,481i;18 128:78{37;38 

] ,Average 140,87 

Des igna t ions :  n = n u m b e r  of channe ls  o r  n o z z l e s ,  d c r  = d i a m e t e r  
of c r i t i c a l  c r o s s  sec t ion ,  a = sl i t  height ,  b =s l i t  width,  ~ = a n g l e  
between axes  of two d i a m e t r i c a l l y  opposed  nozz l e s  o r  s l i t s ,  
F o r . t o t  = to ta l  su r f a c e  a r e a  of c r i t i c a l  c r o s s  sec t ion  in nozz le  
u~dt. 

Fig. 3 

Fig. 3. 

Fig. 4. 

Type B @  

Fig. 4. 

Nozzle  uni t s :  1) unit  with six Lava l  nozz l e s ;  2) unit  with sl i t  nozz le .  

E x p e r i m e n t a l  nozz le  uni t s .  
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At the same  t ime  it was  noted that ,  at  the re la t ive ly  high t e m p e r a t u r e  (500-1500~ preva i l ing  in the 
zone of fo rmat ion  of fine drops ,  the l a t t e r  undergo l e s s  intense cooling, which marked ly  af fec ts  the shaping 
of powder pa r t i c l e s .  

During the opera t ion of the gas  gene ra to r ,  the p r e s s u r e  in the r e c e i v e r  drops  only slightly and it 
is t he re fo re  poss ib le  to a tomize  1.2 tons of f e r ro s i l i con  in a single run of 20-25 min duration without i n t e r -  
media te  rehea t ing .  The resu l t ing  powder  quality is more  s table .  In s i m i l a r  a tomizat ion  t e s t s  using c o m -  
p r e s s e d  a i r ,  the p r e s s u r e  of the l a t t e r  fa l ls  m o r e  rapidly .  To ensure  that  the p r e s s u r e  did not drop below 
a ce r ta in  value ,  i .e . ,  that  the issuing gas  jet  r e ta ined  i ts  e f fec t iveness ,  the a tomizat ion p r o c e s s  was p e r -  
f o r m e d  in f ive or  six s t ages ,  which adverse ly  affected powder quality,  d e c r e a s e d  the product ivi ty  of the 
instal la t ion,  and r e su l t ed  in cycl ic  operat ion.  

Viscous l iquids,  which include liquid me ta l s  and a l loys ,  a r e  cha r ac t e r i z ed  by g r e a t e r  su r face  tension.  
The a tomizat ion  of such liquids is  s t rongly  affected by f ac to r s  including the projec t ion  range of the a t o m -  
izing gas  jet ,  the m a s s  of the gas ,  the jet  shape,  the angle of incidence between the jet and the me ta l  jet ,  
etc. 

To evaluate  the influence of some of these  f ac to r s ,  another  few nozzle  units ,  i l lus t ra ted  d i a g r a m m a t -  
ical ly  in Fig. 4, were  cons t ruc ted .  In o r d e r  to se lec t  the bes t  among them,  all  these  units were  init ially 
subjected to a tomizat ion  quality t e s t s  using c o m p r e s s e d  a i r ,  without r e s o r t i n g  to "hot" t e s t s  involving the 
use of the gas  g e n e r a t o r  (relat ive p a r a m e t e r s  r e m a i n  approx imate ly  unchanged on t rans i t ion  f r o m  one 
type of a tomizat ion  to the other) .  The r e s u l t s  of these  t e s t s  and the g e o m e t r i c  c h a r a c t e r i s t i c s  of the nozzle 
units employed  a re  p re sen ted  in Table  2. I t  will  be seen  f r o m  these  data that  a nozzle unit of type C is 
the mos t  effect ive and economica l  in the p repa ra t ion  of powder of < 46 p s ize .  While possess ing  the l eas t  
overa l l  duct sur face  a r e a  and requi r ing  the leas t  quantity of a i r  at a given p r e s s u r e ,  this  nozzle unit en -  
su res  a fine powder  f rac t ion  yie ld  of about 40%. With g a s - s t r e a m  atomizat ion,  the yie ld  of the fine f rac t ion  
may be inc reased  1.5-2 t i m e s .  

According to data obtained at the Kuznetsk  F e r r o a l l o y  Plant ,  the 40-p  fine f rac t ion  of the usual  pow-  
der  contains some 15-20%of ul t raf ine pa r t i c l e s  1-10 p in s ize .  Wi th  a suitable s y s t e m  of powder c l a s s i -  
fication, the separa t ion  of f iner  f rac t ions  p r e sen t s  no m a j o r  difficulty. The use  of ga s - j e t  a tomizat ion 
i n c r e a s e s  the yie ld  of the fine f rac t ion  by irriproving the quality of both a tomizat ion and par t ic le  shaping, 
the l a t t e r  being due to more  favorab le  par t ic le  spheroidiza t ion  conditions. In the light of these  c o n s i d e r -  
a t ions ,  it can be seen that  the yie ld  of v e r y  fine powders  (1-10 ~) in the exist ing industr ia l  ins ta l la t ions  
can be substant ia l ly  r a i s e d  by employing the new technique.  

The invest igat ion has r evea led  the following advantages  of g a s - j e t  a tomizat ion:  

1) The a tomizat ion  p r o c e s s  is improved  and the y ie ld  of the fine f rac t ion  is  inc reased ;  

2) par t ic le  fo rmat ion  conditions a re  improved;  

3) a i r  consumption d e c r e a s e s ;  

4) the chemica l  composi t ion of powder  may be control led  by pe r fo rming  a tomizat ion in reducing,  
neu t ra l ,  or  oxidizing a t m o s p h e r e s .  
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