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In a joint project  with the Novomoskovsk Chamotte Plant (NCP) the All-Union Institute of Refrac tor ies  
has developed a technology for the production of alumina -- graphite nozzles for uphill casting on continuous- 
casting equipment [1, 2]. The principal components of the batch for the nozzles are  high-alumina ehamotte, 
graphite,  clay, and synthetic corundum. The binder used, in addition to the clay, is aluminophosphate 
A1203 .3P205 (dry composition) added in the proport ion of 10 wt. % on 100 wt. % dry  components. 

The chief mer i t  of this technology for the production of a Iumina- -  graphite re f rac to r ies  with an 
aluminophosphate binder (APB) is the fact that it permits  low-tempera ture  firing (650~ This is very 
important  for graphite-containing products because it eliminates the need for costly precaut ionary mea-  
sures  to prevent the burn-out  of the graphite.  

The use of APB for concretes  of various types,  is of course ,  a well-known fact. For  re f rac to r ies  
intended for a se rv ice  at the steeleast ing t empera tu re  (1560~ this binder has been used only in one ease.  
Nozzles with APB have been in use in the continuous-steelcast ing (CSC) equipment of the Novolipetsk 
Metallurgical Plant (NMP) for severa l  years~ The experience gained during that period by the maker  and 
use r  of the nozzles makes it possible to advance the following main conclusions about their  quality. 

1. The strength is inadequate for in t r ica te-shape  nozzIes,  more  par t icular ly  for nozzles with a 
bottom, but it is adequate for the manufacture of tubular nozzles which in the CSC of the NMP had a useful 
life of two to four melts ,  i .e. ,  up to 300 tons steel.  

2. With an APB prepared  at the plant immediately pr ior  to adding it to the batch, the molding p roper -  
ties of the latter were uneven so that the nozzle production process  was unstable and the percent  spoilage 
considerable.  

3. There  were cases when the nozztes broke into pieces after  the f i rs t  third or half of a melt .  

These facts made it necessa ry  to improve the quality of the nozzles.  The work car r ied  out in this 
respec t  provided for the retention of a phosphate binder.  

TABLE 1. Character is t ics  of Alu- 
minophosphate-Bonded Alumina -  
Graphite Nozzles before  and after  
Use 

Nozzle P205 con- Open po- 
Itent, qo rosity, % 

Unused 

After three melts 

After half a melt 

5,39 

!,96 

0,58 

12,2 

26,3 
9 t 3_,~ 
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T A B L E  2. The  P r o p e r t i e s  of  the  
P h o s p h a t e - B o n d e d  A l u m i n a -  
G r a p h i t e  _Specimens* 

Firing Open lX~? C~  cr~nm~ 
Binder temp., " rosity, ~ ~r~-ffgt~_ 

"C kg/cm z 

APB I 1,7 194 
ACPB No. i 650? 12,3 244 
ACPB No. 2 ll.4 262 

1600 
APB 
ACPB No. 1 
ACPB No, 2 

31,8 
27,0 
23,9 

87 
184 
212 

Mean results for three to five specimens. 
TThermal strength before cracking two to 
four, to destruction over 25 temperature 
reversals 1300~ - water. 
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Fig .  1. The  l o s s  of 1020 ~ in  
A10B (1, 2) and AC10B No. 1 
(3, 4) in  hea t  t r e a t m e n t s  in  
a n  ox id i z ing  ( ) and a 
slightly reducing ( - - - - )  
medium. 

It was  found n e c e s s a r y  to  a n a l y z e  the  p a r t  p l a y e d  by  the  p h o s p h a t e  
b i n d e r  d u r i n g  mo ld ing  and in  the  p r o c e s s e s  d e v e l o p i n g  in  the  n o z z l e  in  
s e r v i c e .  

The  i n s t a b i l i t y  of the  mo ld ing  p r o p e r t i e s  of t he  b a t c h  p r o v e d  to  be  
a t t r i b u t a b l e  to  the  fo l lowing  c a u s e s .  The  A 10B was  p r e p a r e d  by  neu-  
t r a l i z i n g  o r t h o p h o s p h o r i c  a c i d  h e a t e d  to  80~ with  a l u m i n u m  h y d r o x i d e .  
T h e  r e a c t i o n  of t h e s e  s u b s t a n c e s  g i v e s  a m i x  of o r t h o - ,  m e t a - ,  a n d  
p y r o p h o s p h a t e s  of a l u m i n u m  [3-6] .  The  a d h e s i o n  p r o p e r t i e s  of p h o s -  
p h a t e s  a r e  t e m p e r a t u r e - d e p e n d e n t  in  a d d i t i o n  to  which  s o m e  of the  p h o s -  
p h a t e s  a r e  c o n v e r t e d  to  o t h e r s  which  a r e  equa l ly  t e m p e r a t u r e - d e p e n d e n t ,  
T h e s e  a r e  the  s o u r c e s  of t he  uneven  p r o p e r t i e s  of the  b a t c h .  

The  h i g h - t e m p e r a t u r e  s t a t e  of an  A10B was a n a l y z e d  in  e a r l i e r  r e -  
s e a r c h .  It was shown [4] tha t  a t  a t e m p e r a t u r e  a b o v e  1000~ a n  a l u m i n o -  
p h o s p h a t e  b i n d e r  is  f ixed m a i n l y  as  a l u m i n u m  o r t h o p h o s p h a t e  A11004 in  
the  c r i s t o b a l i t e  p h a s e .  At  1100-1550~ the  c r i s t o b a l i t e  is  d i s s o c i a t e d  
and s o m e  of the  1:}205 is  v o l a t i l i z e d ,  a b o v e  1550~ the  d i s s o c i a t i o n  of the  

bond ceases, and after holding at 1600~ the AIPO 4 is immobilized as a vitreous phase. Khoroshavin et 
al. defined a more precise temperature range (1460-1480~ over which AIPO 4 is dissociated to Al203 and 
io205. With prolonged heating at 1600~ the dissociation of the bond ceases and the A11004 is determined 
in the form of high-temperature cristobalite. 

To judge by the cited published information, the service conditions of the nozzles on CSC plant are 
highly unfavorable for the APB. This assumption was checked by determining the open porosity and 10205 
content of unused nozzles, of nozzles used for three melts, and of nozzles which broke up after half a 
melt. The data in Table 1 suggest that the durability of the nozzles is directly related to the degree of 
dissociation of the bond. 

Recent publications contain much information about aluminochromophosphate binders (AC10B) with 
better technical characteristics than A10B [7-9]. 

In the investigation reported here tests were carried out with AC10B of two compositions: AI203 -0.2 
Cr203 �9 310205 (No. 1) and Al203 �9 0.8 Cr203 �9 310205 (No. 2). Both binders were produced by the Moscow or- 
ganization Energotekhprom, i.e., No. 1 in accordance with Technical Specifications TU-34-4620-73 and 
No. 2 in accordance with an order from the All-Union Institute of Refractories and the NC10. 

The quality of the binders was checked by molding specimens 40 mm in height and 38 mm in diameter 
from a batch used at the NC10 for nozzles, The batch consisted of 60% high-alumina chamotte, 15% flake 
graphite, 15970 clay grade DN1, and 10% synthetic corundum. 

The binders used were APB and AC10B of compositions Nos. 1 and 2. The binders were added in the 
proportion of 6-i0~/0 on 100% dry components.* The specimens were fired twice, viz., at 650~ and again 
at 1600~ with 2 h holding. The results of an analysis of the specimens are set out in Table 2. 

N. K. Arkhipova participated in the work. 
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After  firing at 650~ the open porosi ty  and thermal  s trength were a lmost  identical for all specimens 
r ega rd le s s  of the type of phosphate binder but the crushing s t rength was about 30% higher for specimens 
which contained the ACPB. After  the repeat  firing at 1600~ the proper t ies  of the specimens containing 
an ACPB, more  especial ly that of composit ion No. 2, were bet ter  than those with the  APB. 

These resu l t s  justified industrial  scale  t r ia ls  with ACPB. Several batches of a lumina- -  graphite 
nozzles with ACPB were produced at the NCP and tested successful ly  on CSC equipment at the NMP after  
which the NCP proceeded to use this binder for full-production purposes .  The binder improves  the mold- 
ing proper t ies  of the batch so that the percent  spoilage has fallen. Since these nozzles were introduced 
no miscas t s  due to faulty a lumina-graphi te  nozzles have occur red  on the CSC equipment. The eros ion of 
nozzles with ACPB is tess than for those with APB, i.e.,  by 0.03 ram/ ton  with killed steel  and by 0.08 ram/  
ton for high-aluminum and tube s teels .  

The causes of the d i s s imi la r  behavior of A PB and ACPB No. 1were  ana lyzedbyhea t ing the  binders for  2 
h at 650, 1100, 1300, and 1600~ in oxidizing and slightly reducing media in paral lel .  After  each heat 
t rea tment  the specimens were subjected to x - r ay  phase analysis  and mic roscopy  in an immers ion  liquid, 
and their  P205 content was determined.  

The d iagram in Fig. 1 shows the heat- induced loss of P205 in A PB andACPB No. 1. The loss  was more  
rapid for the lat ter ,  and in the slightly reducing medium the loss was g rea t e r  for both binders .  

The x - ray  analysis  showed that the phase composit ion of the binders varied considerably with the 
heat t rea tment  t empera tu re .  The analysis  was conducted on a DRON-1 x - r ay  d i f f rac tometer  using the Cu 
K~ emiss ion  of a BSI3-8  tube. 

The phase composit ion of the specimens is given in Table 3 together  with four to six interplanar  
spacings corresponding to the most  intensive lines of the compounds concerned.  According to Yvoire [10, 
I1], for aluminum metaphosphate Al(PO3) 3 of modification A these lines a re  those with the interplanar  
spacings 4.35 (extremely strong), 3.67 (very strong), 3.43 (very strong), 2.93 (strong}, and 2.69 (strong); 
for AI(PO3) 3 of modification C those with the interplanar  spacings 3.80 (extremely strong), 3.69 (strong), 
3.60 (strong), 3.35 (extremely strong), 3.10 (strong), and 2.73 (strong); and for aluminum orthophosphate 
in cr is tobal i te  form the lines with the interplanar  spacings 4.07 (extremely strong), 3.16 (medium strong), 
2.87 (medium strong), and 2.51 (strong). 

The phase composit ion of APB at 650~ is represented  by aluminum metaphosphate in A form, the 
most  stable one for AI(PO3) 3. it d issocia tes  with an increase  in the t empera tu re  to give orthophosphate in 
cr is tobal i te  form most  of which is converted to glass  at 1600~ 

At 650~ A C PB No. i consis ts  of a vi t reous product  which is devitrified with an increase  in the t empera -  
ture  to form metaphosphates and orthophosphates.  The metaphosphate of this binder occurs  predominantly 
in the C form which is more  charac te r i s t i c  for chrome metaphosphates Cr(PO3) 3. It appears  that some of 
the aluminum is I eptaced by chrome so that the phosphates take the form of solid solutions of the type (A1, 
Cr) (PO3) 3 and (Al, Cr)PO 4. The added chrome therefore  stabil izes the metaphosphate in the C form and 
prevents  the vi tr if icat ion of the orthophosphate at high t empera tu res .  

The dependence of the phase composit ion of the binders on the medium is not of a fundamental char -  
ac te r  and is attributable to the extensive dissociat ion of the phosphates in the slightly reducing medium 
(see Fig. 1). For  example, at 1600~ in an oxidizing medium binder ACPB No. 1 consists  of phosphate in 
cr is tobal i te  form but in a slightly reducing medium (remanent P205 content 0.8%) of the solid solution 
AI~O 3 -- Cr~O~. 

An examination in an immersion liquid under the microscope confirmed the findings relative to the 
phase composition of the binders. The refraction indices of the aluminum metaphosphate are interesting. 
Metaphosphate of A modification consists of colorless isotropic grains of irregular shape with N = 1.550 
approximately, and the solid solution of C modification of rounded grains with a slight birefringence N = 
1.654. The refraction index of the glass of APB (1600~ is 1.516 and that of the glass of ACPB No. 1 
(650~ 1.550. This marked difference in the refraction indices of the glass is evidence of differences in 
their nature and chemical composition. 

The results of this investigation of the behavior of the binders on heating explain the differences in 
the properties and durability of nozzles with dissimilar phosphate binders. 

The greater strength of the product with ACPB arises from the vitreous state of the binder during 
firing (650~ 
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The l a r g e r  p ropor t ion  of v i t reous  phase  in nozzles with APB (owing to the p r e sence  of clay in the 
phosphate  binder)  during cast ing compared  with that in nozzles with ACPB evidently helps the s tee l  to 
e rode  the binder  and preven ts  the e l iminat ion of gases  the p r e s s u r e  of which has a des t ruc t ive  effect on 
the nozzle.  These  fac tors  degrade  the s e rv i ce  p rope r t i e s  of nozzles  with this b inder .  

The durabi l i ty  of the nozzles  thus depends not only on the degree  of d i ssoc ia t ion  of the phosphate 
binder  but a l so  on the s ta te  of the bond during f ir ing and in the s tee lcas t ing  operat ion.  

Aqueous solutions of ACPB a r e  m o r e  s table  in s to rage  than APB solutions,  a contributing fac tor  to 
a s table  nozzle product ion p r o c e s s  and less  spoi lage.  

C ONC LUSI ONS 

Nozzles for  s tee lcas t ing  a r e  m o r e  durable  when produced with an a luminochromophosphate  binder 
than with an a luminophosphate  binder ,  the r easons  being the m o r e  favorable  conditions for  the p repa ra t ion  
of the batch and the s ta te  of the bond during fir ing and in the s tee lcas t ing  p r o c e s s .  Nozzles containing 
ACPB No. 2 binder  should a l s o b e  produced and tes ted  on an industr ia l  s ca le .  
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