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The main conditions for obtaining high quality meta l  with the p r o p e r  p rocess ing  in continuous s teel  
cast ing is a definite ra t io  between the veloci ty of the hardening ingot and the ra te  of cast ing liquid metal  in 
the c r y s t a l i z e r ,  the resu l t  of which maintains a p rac t i ca l ly  constant  meta l  level .  

However ,  during cast ing even with normal  heating of the liquid meta l  its consumption diminishes  be -  
cause  of clogging of the nozzles  in the in te rmedia te  ladles .  The cons t r ic t ion  of nozzles  dis turbs  the s tabi l i ty  
of the cast ing p r o c e s s  and impa i r s  the quality of the continuous ingot. The p resen t  authors studied the 
clogging p roce s s  in production conditions. The study resu l t s  somewhat  supplement  data published p r e v i o u s -  
ly on the s ame  p rob lem [1, 2]. 

Resea rch  Method. To de te rmine  the sources  of the format ion  of c rus t s  on the su r face  of the cast ing 
channel, models  were  cons t ruc ted  for  the react ion  between components  soluble in the liquid metal  with ox-  
ides of the r e f r a c t o r y  by incorpora t ing  radioact ive  isotopes,  r e f r a c t o r y  indicator,  and aluminum. 

Use was made of isotope z i rconium-95,  emitt ing y - rad ia t ion  with energies  of 0.738 MeV and ~ - r a d i a -  
tion with energ ies  of 0.38 MeV, and with a half - l i fe  of 65 days.  The quantity of z i rconium was 14 mCi pe r  
140 ton heat,  that is 0.1 mCi pe r  ton of metal .  The isotope was incorpora ted  into the ladle with the metal  
during d ischarge  of the heat  a f te r  filling the ladle to one third of its depth, s imul taneously  with an addition 
of a luminum. At the end of the cast ing (the in te rmedia te  ladle st i l l  contained the metal  residue) the cast ing 
gate had f rozen up in the nozzle.  The nozzle  with the cas t ing  gate was cut along the axis to take r ad iog rams .  
The a r r angemen t  of the marked  a toms on the photograph made it poss ib le  to evaluate  the nature  of the r e -  
action of the components  soluble in the metal  with the oxides of the r e f r a c t o r y .  

Fig. 1. Device for  modell ing the 
p roces s  of clogging of nozzles .  
1) In te rmedia te  ladle; 2) funnel; 
3) meta l l ic  housing; 4) ring; 5) 
inser t s  under  test ;  6) c r y s t a l -  
l i z e rp l a t e ;  7) c ry s t a l l i z e r .  

The use  of radioact ive  isotopes in production conditions is complex,  
so only one heat was done with this technique. Fur the r  studies were  done 
by incorporat ing r e f r a c t o r y  indicator ,  by means of which the behav ior  of 

TABLE 1. P r o p e r t i e s  of Inser t s*  

~ I Composition, 9% 
�9 ~ r  

19a 3,36124,9 32,0~4,0 3,0 0,560,5856,3 
lgb 3,37 13,6t35,4 2,912.0/0,4410,50155,8 
I( 3,42 3,5 42,8 3,2 2,8 1,220,6047,9 
2c 3,41117,6 37,0 3,0 1,410.8110,90154,36 
37 3,40121,436,6 2,5/1,40,911,1 t56,35 

�9 Refractoriness of inserts > 1750~ 
1" Traces of MnO were present. 

All-Union Insti tute of Re f rac to r i e s .  Donets Metal lurgical  Factory .  I . P . B a r d i n  Central  Resea rch  
Insti tute of Fe r rous  Metals.  Trans la ted  f rom Ogneupory, No. 5, pp. 28-33, May, 1971. 

0 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

304 



T A B L E  2. C h e m i c a l  A n a l y s i s  of the  E x p e r i m e n t a l  I n s e r t s  a f t e r  S e r v i c e  

I I 
Indicator [Sample] SrO I SIO2 

blot added 

14.2 g/ton added 

19a 

Igb 

37 

32,0 

35,4 

36,6 

Composition, *fro 
' I ] A12Oa I Fe203i MnO I Ca0 I MgO I Z~O~ 

Funne l  No.1 

4,0 3,0 [Traces 0,56 0,58 56,3 
~-,0- 2-~4 ] ~,8 I 0 ~  ~ 52,5 
2,9 2,0 [ ITraces 0,44 0,50 55,8 

4~,1 , ~ , 0 -~  0 ~  48,97 
2,5 1,4 I ITraces 0,91 1,1 56,35 

Funne l  No.2 

i 32,0 4,0 3,0 Trace~ 0,56 0,58 56,3 
19a ~ 7~ 1-~ ~ 0-~ ~ 51,8 

37,0 3,0 1,4 Trace 0,81 0,90 54,36 
2c  0,3 

' 42,8 3,2 2,8 Trace 1,22 0,60 47,9 
K ~-51 ~ ~ 1~ 2,6 ! ~ 1 7  44,58 

* The numerator indicates the results of studies on the least change zone, and the denominator 
the working zone. 

F ig .  2. A u t o m a t i c  r a d i o g r a m  of 
the  l ong i tud ina l  s e c t i o n  of  the  
z i r c o n  n o z z l e  wi th  the  c a s t i n g  
g a t e .  

the  i n c l u s i o n s  was  t r a c e d  d u r i n g  t h e i r  t r a n s m i s s i o n  t h rough  the 
n o z z l e .  The  i n d i c a t o r  c o n s i s t e d  of f ine ly  d i s p e r s e d  p o w d e r e d  s t r o n -  
t i u m  oxide  (SrO) ob ta ined  by  c a l c i n i n g  SrCO 3. The c o m p o s i t i o n  of 
the  z i r c o n i a  n o z z l e  does  not  inc lude  th i s  ox ide ,  and i ts  a p p e a r a n c e  
is  e a s y  to d e t e c t  by  s p e c t r a l  and c h e m i c a l  a n a l y s e s .  The h igh  m e l t i n g  
po in t  of s t r o n t i u m  oxide  (2430~ s u g g e s t s  t ha t  i t  w i l l  be  in the  s o l i d  
s t a t e  a f t e r  hav ing  p a s s e d  t h rough  the n o z z l e .  In o r d e r  to exp l a in  the  
i d e n t i c a l  n a t u r e s  of the  b e h a v i o r  of the  i n d i c a t o r  and the  a c t u a l  i n -  
c l u s i o n s  i t  was  n e c e s s a r y  to d e t e r m i n e  the hea t i ng  t i m e  fo r  the  added  
i n d i c a t o r  up to the t e m p e r a t u r e  of the  s u r r o u n d i n g s ,  which  was  d e -  
t e r m i n e d  f r o m  the  fo l lowing  equa t ion  

6~R 2 
x--  g~(t c _ t )  ' 

w h e r e  7 is  the  hea t ing  t i m e  fo r  the  i nc lu s ion ,  s ec ;  6 is  the  s p e c i f i c  
hea t  of fus ion  of the  i nc lu s ion ,  c a l / d e g ;  y is  the  d e n s i t y  of the  i n c l u -  
s ion ,  g / cm~;  R is  the  d i m e n s i o n  of the  i n c l u s i o n ,  cm;  t c i s  the  t e m -  
p e r a t u r e  of the  s u r r o u n d i n g s ,  ~ t is  the  t e m p e r a t u r e  of the  s u r r o u n d -  
ing a i r ,  ~ k is  the  c o e f f i c i e n t  of t h e r m a l  c o n d u c t i v i t y  of the  i n c l u -  
s ion ,  c a l / c m ,  s e c .  deg;  and (r is  the  s u r f a c e  t e n s i o n  on the b o u n d a r y  
of the  p h a s e s  c o m i n g  into c o n t a c t ,  e r g / c m  2. 

A p p r o x i m a t e  c a l c u l a t i o n s  show tha t  the  h e a t i n g  t i m e  is  l e s s  
than  1 sec ;  t h e r e f o r e  it can  be  c o n s i d e r e d  tha t  as  r e g a r d s  i ts  p h y s i c a l  
s t a t e  the  i n d i c a t o r  SrO is  equ iva l en t  to r e a l  i n c l u s i o n s .  

To i n c o r p o r a t e  s t r o n t i u m  oxide  into the  l iqu id  m e t a l  d u r i n g  the c a s t i n g  u s e  was  m a d e  of  a d e v i c e  shown 
in F ig .  1. The f i r e b r i c k  funnel  was  p l a c e d  in a m e t a l  hous ing ,  and a r i n g  was  i n s e r t e d  into it wi th  t h r e e  
z i r c o n  i n s e r t s .  The r i n g s  and the i n s e r t  w e r e  p r e p a r e d  by  the A l l - U n i o n  In s t i t u t e  of R e f r a c t o r i e s .  

The p r o p e r t i e s  of the  i n s e r t s  a r e  g iven  in Tab le  1. 

F o r  15-20 rain p r i o r  to c o m p l e t i o n  of c a s t i n g  of the  hea t ,  the  a s s e m b l e d  funnel  was  p l a c e d  u n d e r  
a j e t  of m e t a l ,  l e av ing  the i n t e r m e d i a t e  l a d l e  on one of the  m a c h i n e s .  The d i a m e t e r  of the  i n s e r t  was  h y d r o -  
d y n a m i c a l l y  c a l c u l a t e d  so  tha t  i n s i d e  the  funnel  a m e t a l  l e v e l  was  m a i n t a i n e d  at a he igh t  of 150-200 m m .  
This  is  a c h i e v e d  with  a m e t a l  l e v e l  in the  i n t e r m e d i a t e  l a d l e  at a he igh t  of 550 m m ,  the  d i a m e t e r  of the  
n o z z l e  channe l  in i t  is  22 ram,  and the  funnel  con t a in s  t h r e e  i n s e r t s  wi th  the  d i a m e t e r  of the  channe l  b e i n g  
16 r am.  
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TABLE 3. Changes in the D i a m e t e r  of the In se r t s  dur ing Serv ice  

4262 
8285 
8390 

8390 

lo.= l 

0.17 
0.16 
0.17 

0.17 

,P 

548 
562 
552 

552 

1450 

577 

1058 

L.40 
1.62 

17.0 ] 9.56 

Reduction in the insert diameter after 15 rain casting, 
mm 

I 
19a 19b I K 2c 37 

| 

1 
6.86 I Not determir~ed 4.28 
5.28 I 6.12 ] 4.92 I Not determined 

Not deter- [ 7.4 I Not deter-[ 10.8 4.80 
mined 1 1 T M  t 
The same I 0 [The same ! 1.4 0 

TABLE 4. Chemica l  Compos i t ion  of Metal l ic  P a r t  of the Crus t  F o r m e d  
in the I n s e r t  dur ing  Cons t r i c t ion  

Heat No. 

4262 

8390 

Sampling ate 
t C 
I 

Ladle sample . . . . . .  [ 
CruSt.. I 
Ladle sample . . . . . . . .  
C r u s t ; . . . . . . . . . . . .  

0,17 
0,076 

0,17 
0,017 

I 8i 

0,22 
0,47 

0,22 
0,43 

Composition, % 

/ 

0,64] 0,082 
0,53 ] O,OLO 

0,54 0,033 
0,49 0,030 

Alsol 

0,005 
0,020 

0,0074 
0,510 

Albond 

0,001 
0,220 

0,001 
3,800 

To d e t e r m i n e  the s o u r c e s  of the c r u s t  fo rma t ion  in the channel  of the i n s e r t s ,  in one c a s e  r e f r a c t o r y  
ind ica to r  was i nco rpo ra t ed ,  and in the o ther  c a s e  a luminum;  fo r  c o m p a r i s o n  meta l  was cas t  th rough  the 
funnel without any addi t ives .  The s t r o n t i u m  oxide was i n c o r p o r a t e d  th rough  a quar tz  tube into the jet f r o m  
the i n t e rmed ia t e  ladle .  The a luminum in the f o r m  of wi re  was added at d i f ferent  ve loc i t i e s  to the funnel 
under  the jet .  Obse rva t ions  w e r e  made  of the flow of meta l  f r o m  the i n se r t s  of  the funnel into the c r y s t a l -  
l i z e r  with the addi t ions ,  and s a m p l e s  w e r e  also taken of the metal  jet f r o m  the i n t e rmed ia t e  ladle,  and f r o m  
the jet  of one of the i n se r t s  in the fum-lel. The in se r t s  a f t e r  cas t ing  w e r e  ex t r ac t ed  f r o m  the funnel, and 
s p e c t r a l  and chemica l  ana lyses  of the work ing  and cen t r a l  zones  w e r e  made .  

Ana lys i s  of Study Resul t s .  The au tomat ic  r a d i o g r a m s  of the i n se r t s  with the cas t ing  gate  shows that  
the ac t ivated  pa r t i c l e s  a r e  a r r a n g e d  in l i t t le chains  in the zone of contac t  be tween the cas t ing  gate  and the 
channel  of the i n se r t  (Fig. 2). This indicates  the deep posi t ion  of nonmeta l l i c  inclus ions  s i tua ted  in the 
liquid s tee l  on the s u r f a c e  of  the charmel dur ing t r a n s m i s s i o n  of meta l .  

Spect ra l  ana lys i s  of the i n se r t s  a f t e r  cas t ing  with the i nco rpo ra t ion  of r e f r a c t o r y  ind ica tor  showed 
the p r e s e n c e  in the working  zone of s t r o n t i u m  when powdered  s t r o n t i u m  oxide had been  in t roduced .  Chemi -  
cal  ana lyses  were  a lso  made  of the working  and l e a s t - c h a n g e d  zones of  the i n se r t s  a f t e r  s e r v i c e  in both 
funnels (Table 2). 

The r e f r a c t o r y  ind ica tor  was de tec ted  in the zone of  the in se r t  coming  into contac t  with the meta l  d u r -  
ing cas t ing .  Consequent ly ,  nonmeta l l i c  inc lus ions  loca ted  in the liquid meta l  in the sol id  f o r m  r e a c t  with 
the s u r f a c e  of  the i n s e r t  channel .  

Fo r  ana lys i s  of  the meta l  i nco rpo ra t ing  the a luminum into the jet ,  s amp le s  w e r e  taken f r o m  the jet  in 
f ront  of the funnel,  and f r o m  the jet  of one of the i n s e r t s  in the funnel.  In all c a s e s  the i nco rpo ra t i on  of 
a luminum into the jet  of meta l  f r o m  the in t e rmed ia t e  ladle caused  over f i l l ing  of the funnel.  The flow of 
meta l  f r o m  the i n se r t s  was c l e a r l y  reduced ,  which caused  a reduc t ion  in the ra te  of  t ightening up of  the 
s lab  ( f rom 4.5 to 2.0 m / m i n ) .  Dur ing the cas t ing  of  meta l  th rough  the funnel with the s a m e  a s s e m b l y  of 
i n se r t s  without any addi t ives ,  n o r m a l  flow of metal  was obse rved .  

The i n se r t s  a f t e r  s e r v i c e  w e r e  ex t rac ted  f r o m  the funnels ,  m e a s u r e d ,  and examined  in the zone of 
con tac t  with the meta l  dur ing cas t ing .  The r e su l t s  of the m e a s u r e m e n t s  be fo re  and a f te r  s e r v i c e  a re  given 
in Table  3. 

In all c a s e s  with the i nco rpo ra t i on  of a luminum the re  was a r educ t ion  in the d i a m e t e r  of  the inse r t .  
The appea rance  a f te r  s e r v i c e  is shown in F igs .  3-5.  On the t r a n s v e r s e  sec t ions  of the i n se r t s  t he re  a re  
buttons of meta l ,  t ight ly in se r t ed  into the wall  of the channel .  
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Fig. 3. Section of the insert  af ter  casting metal additionally reduced with aluminum in amounts of 1.45 kg 
/ ton.  1) Regular nozzle;  2) nozzle 37 with minimum concentrat ion of A1203 (2.5%). 

Fig. 4. Inser ts  after  cast ing metal in the assembled form.  K, 19a, 19b) Grades of inser ts .  

Fig. 5. Section of inser ts .  1) With crust ;  2) without crus t .  

Between the buttons of metal it was possible to note a powder, l ight -gray in color ,  bri t t le ,  and finely 
dispersed (see the upper par t  of the section of the insert  in Fig. 3). Spectral analysis of the powder showed 
that it is mainly comprised  of AI203 (96.6%). Under the microscope  the powder had a monomineral  compos i -  
tion and consisted of highly dispersed c rys ta l s  of a -a lumina ,  t ransparent ,  co lor less ,  anistropic,  with a :re- 
fract ive index of Nmean = 1.760. The size of the c rys ta l s  var ied f rom a fraction of a micron to 30 microns .  
In the large crys ta ls  hexagonal basal  plates were noted. Less frequently it was possible to detect inter-- 
growths of severa l  c rys ta l s .  By its nature the corundum is a typical endogenic nonmetall ic inclusion formed 
in the steel during reduction with aluminum, and deposited on the wall of the insert  during casting. 

Chemical and metallographic studies were done on the metall ic  crus t ,  forming in the channel, as it 
were ,  a metallic hollow ca rcas s  (Table 4). 

In the magnetic part  of the c rus t  formed during the casting of heat No. 8390, the concentrat ion of sol -  
uble and bonded silicon was determined as follows: Siso l = 0.60%, Sibond = 1.83%. 

The c ros s  section of the c rus t  formed during the cast ing of heat No. 4262 was examined under the 
microscope  f rom the zone of contact with the r e f r ac to ry  toward the center  of the channel. In the zone be -  
tween the walls of the insert  and the dendrites of metal there were pores  filled with alumina, collected on 
the base, apparently consist ing of oxides of manganese,  aluminum, and silicon. Dendrites of metal growing 
f rom the wall of the inser t  toward the center  of the channel were detected. The s t ruc ture  of the metal in 
the edge zone of the slide was ferr i t ic ;  and at a distance of about 3 mm f rom the edge to the center  it was 
f e r r i t e - p e r l i t i c ,  with a predominance of fer r i te .  

Thus, the clogging of inser ts  is a complicated p rocess ,  involving deposition of alumina among the 
oxide phases of an imprecise  composit ion bonded by dendrites of steel; and fu r the rmore  the direction of the 
dendrite growth indicates the presence  of heat removal  through the wall of the inser ts ,  contributing to t ight-  
ening up of the channel. The appearance of alumina in the c rus t  apparently is caused by the react ion be-  
tween aluminum soluble in the metal with the oxides of the re f rac to ry ,  and the deposition of the products of 
the reaction on the walls of the nozzle.  

The results  of the experiments indicate that it is possible to descr ibe  the p rocess  of c rus t  formation 
covering the outlet f rom the channel of the cast ing nozzle in the following way. This descr ipt ion does not 
pretend to completeness,  but supplements existing ideas and data on the role of iron in this p rocess .  

Nonmetallic inclusions situated in the liquid metal in the solid state are  deposited on the walls of the 
nozzle channel. During the erosion of the surface  of the channel by the steel containing aluminum, the la t ter  
is oxidized and as a resul t  of the reduction of the iron, t raps  manganese and sil icon in the pores  of the con-  
tact surface.  The crys ta l l i tes  of iron formed as a resul t  of the reduction, and becoming s t rongly bonded to 
the surface of the channel, become crysta l l iza t ion centers  on which the crus t  can grow. This contributes 
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to an increase in the thermal conductivity along the channel of the nozzle and more lntensive removal ~f 
heat, which promotes the growth of the crust. The erosion by the liquid steel of metallic crystals on the 
surface of the channel of the nozzle causes separation on them of a steel with a more refractory phase, o~- 
iron, containing small quantities of impurities (sulfur and carbon). 

The more fusible phase containing sulfur and carbon liquefies in the interaxial section of the dendrites~ 
and is eroded by the jets. As a result of this around the jet there forms a shell of iron in which there is a 
sharp reduction in the sulfur and carbon concentrations. 

During constriction of the nozzles the r2fractories are impregnated in the zone of the channel by iron 
oxides, the iron is reduced from the oxides and on the contact surface crystals of iron and alumina are 
formed, here subsequently it is possible for the alumina to separate from the solution in the steel. The 
process of clogging the nozzle is completed by the growth of iron crystals, covering the outlet from the 

nozzle channel. 

Io 
2. 
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