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and z i r c o n i u m  i n s e r t s  i n c r e a s e d  to a m u c h  l e s s e r  ex ten t  a s  
the  t e m p e r a t u r e  was  r a i s e d .  

On the b a s i s  of the  e x p e r i m e n t a l  and t h e o r e t i c a l  da ta  we 
have  plot ted a u o m o g r a m  for s e l ec t i ng  the  ini t ia l  d i a m e t e r  
of the  s toppe r  for  d rawing  s l a b s  of v a r i o u s  s ec t i ons  in a c c o r -  
dance  wi th  the leve l  of the m e t a l  in the i n t e r m e d i a t e  ladle  
and  l i n e a r  ve loc i ty  of d rawing  ( F i g u r e  7). In o r d e r  to m a k e  
a l lowance  for  a c e r t a i n  n a r r o w i n g  of the  o r i f i ce  ( pa r t i cu l a r l y  
at  the  c o m m e n c e m e n t  of the  pour ing) ,  the  l e f t -hand  s ide of 
the  n o m o g r a m  shows  two s t r a i g h t  l ines  which  make  it p o s s i -  
b le  to d e t e r m i n e  the  work ing  d i a m e t e r  of the  nozz le ,  which  
ha s  to be  g r e a t e r  than  the  ini t ia l  t h e o r e t i c a l  d i a m e t e r .  

The  work ing  s u r f a c e  of the  t e s t ed  nozz l e s  and i n s e r t s  
a f t e r  s e r v i c e  was  cove red  with a c rus t ;  the  c h e m i c a l  c o m -  
pos i t ion  of the  c r u s t  is  shown in Tab le  2. The  c r u s t s  a r e  
b a s i c a l l y  m a d e  of v i t r e o u s  m e t a l ,  c o r u n d u m ,  sp ine l  and 
mul l i t e  ( F i g u r e s  8 and 9). 

T h e s e  f o r m a t i o n s  a r e  b a s i c a l l y  i n t e r ac t i on  p roduc t s  of 
the  o x i d i z e r s  of  the  s t ee l  and the r e f r a c t o r y ,  he lp ing  the  
channe l  to d e c r e a s e  in s i z e  dur ing  the  pour ing .  

No c o r u n d u m  or  mu l l i t e  was  o b s e r v e d  on the  work ing  
s u r f a c e  of the  z i r c o n i u m  i n s e r t s .  The  i n s e r t s  exhibi ted  
l e a s t  c l o s u r e  dur ing  s e r v i c e .  

CONC LUSIONS 

The  l in ing  of i n t e r m e d i a t e  l ad l e s  should  be  hea ted  up to 
1300 or  1400 ~ in o r d e r  to p r e v e n t  the  s t ee l  cool ing e x c e s -  
s ive ly  and in o r d e r  to r e d u c e  the  t h e r m a l  shock  e x p e r i e n c e d  
by r e f r a c t o r i e s  when  the me t a l  i s  be ing  tapped.  

The  be s t  r e s u l t s  in cont inuous  pour ing  of boi l ing  s t ee l  
a r e  shown by chamot t e  nozz l e s  wi th  h i g h - a l u m i n a  i n s e r t s ,  
and t h e s e  a r e  r e c o m m e n d e d  for  use .  

In the  cont inuous  pour ing  of k i l led  s t e e l ,  the l e a s t  f i l l ing  
in is  o b s e r v e d  in c h a m o t t e  nozz l e s  wi th  z i r c o n i u m  i n s e r t s  and 
with a c l a y - g r a p h i t e  l ayer ;  the  c l a y - g r a p h i t e  l aye r ,  n e v e r t h e -  
l e s s ,  w e a r s  out  m o r e  ea s i l y  and th i s  g ive s  r i s e  to an  i n c r e a s e  
in the  s tee l  pour ing  r a t e .  

The  m a i n  r e a s o n  for  the  c l o s u r e  of the  s t o p p e r s  i s  the  f o r -  
ma t ion  on the  work ing  s u r f a c e  of a v i t r e o u s  c r u s t  conta in ing  
mul l i t e ,  c o r u n d u m ,  sp ine l  f o r m e d  by the a l u m i n u m  added to 
deoxidize  the  s tee l .  
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PHASE V A R I A T I O N  WITH F O R M A T I O N  A N D  DESTRUCTION 

OF OPEN HEARTH W O R K I N G  LAYER DURING SINGLE-LAYER REPAIRS 

L P .  BAS'YAS AND YE.  F.  KOSOLAPOV 
E a s t e r n  Ins t i tu te  of R e f r a c t o r i e s  

Dur ing  the  l a s t  few y e a r s  a p r o g r e s s i v e  method  of  r e p a i r -  
ing h e a r t h s  wi th  one or  two l a y e r s  of  m e t a l l u r g i c a l  powder  
by b r i e f ly  hea t ing  t hem and then  s l agg ing  wi th  sca l e  h a s  b e -  
come  v e r y  popula r .  

The u s e  of th i s  me thod  h a s  r ad i ca l l y  changed  the n a t u r e  
of  m i n e r a l  f o r m a t i o n ,  c o m p a r e d  wi th  m u l t i - l a y e r  r e p a i r s  
with m e t a l l u r g i c a l  powder  and o p e n - h e a r t h  s l ag .  

The  p r o c e s s e s  of m i n e r a l  f o rma t i on  du r ing  m u l t i l a y e r  
r e p a i r s  to h e a r t h s  h a s  been  s tud ied  in deta i l  [1, 2]; the  
p r o c e s s e s  o c c u r r i n g  when  s i n g l e - l a y e r  r e p a i r s  a r e  made  
have  not  been  adequa te ly  s tudied  [3]. 

T h e r e  a r e  two m e t h o d s  of s i n g l e - l a y e r  r e p a i r s :  one 
u s i n g  a m a g n e s t a n - d o l o m i t e  m i x t u r e  [4], and the  o ther  
u s i n g  m a g n e s i t e  m e t a l l u r g i c a l  powder  by i t s e l f  [5, 6]. 

Our  s tudy  of the  p r o c e s s e s  of  the  f o r m a t i o n  of h e a r t h s  wi th  
the  u s e  of s c a l e  was  c a r r i e d  out  in l a r g e - c a p a c i t y  o p e n - h e a r t h  
f u r n a c e s  ope ra t i ng  by the  s c r a p  o r e  p r o c e s s  and u s ing  l iquid 
p ig  i ron .  

Samples  of the  h e a r t h s  we re  t aken  j u s t  be fo re  r e p a i r s ,  
a f t e r  the  powder  loaded in the  f u r n a c e  had been  p r e h e a t e d ,  
a f t e r  s l agg ing  of the  h e a r t h  with s c a l e ,  and af te r  1, 2, 3, 4, 
5, 10, 15 and 20 m e l t s .  

P r e v e n t i v e  m a i n t e n a n c e  u s i n g  1 or  2 l a y e r s  and sca l e  was  
conducted  by the  convent iona l  me thod  [7]. 

The  m e l t s  du r ing  the  pe r iod  be tween  r e p a i r s  we re  n u m b e r e d  
s t a r t i n g  a t  the  f i r s t  m e l t  a f t e r  the  l a t e s t  s tud ied  r e p a i r .  

The  s a m p l e s  t aken  w e r e  c h e m i c a l l y  ana lyzed  and s tud ied  
m i n e r a l o g i c a l l y .  
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The variations in the chemical composition of the hearth 
working layer are shown in Figure I (for hearths repaired 
without dolomite see an earlier publication). 

The mineralogical composition and microstructure of the 
hearth are considerably modified during the repairs. 
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Fig. 1. Composition o f o x i d e s i n h e a r t h s  repai red with mix-  
ture of 75% of MPK powder and 25% dried dolomite: 

a - uncovered hearth;  b - hear th  covered with metal;  I - 
composition jus t  before repa i r s ;  II - composition of repai red  
hearth;  subsequent  samples  taken af ter  charge melted (under 

metal)  and af ter  tapping of mel t  (uncovered hearth),  

When metallurgical powder is introduced into the fur- 
nace, there is an increased amount of cracking in the larger 
fragments (grains) of the powder, evidently on account of 
thermal shock ,(Figure 2a). The cracks sometimes become 
filled with slag left on the hearth or dripping from the walls 
(Figure 2b). There is hardly any change in the periclase 
crystals in aggregates, whether impregnated or not im- 
pregnated with slag. 

After the metal lurgical  powder has been slagged with 
rolled scale ,  the gaps between grains  fill up with tiquid 
oxides. Fine f ragments  of powder and separa te  per ic lase  
c rys ta l s  dissolve in the ferrnginous melt ,  r a i s ing  its mel t -  
ing point. There  is penetrat ion of the FeO into the per i -  
pheral  a r eas  of the la rger  aggregates  o fper ic lase  c rys t a l s  at  
the same t ime,  accompanied by formation of a solid solution 
of bivalent iron in the c rys ta l  lattice of the periclase;  this  
intensif ies  the growth of its c rys ta l s  (Figure 2c). 

The dissolution of fine periclase grains in the ferruginous 
melt and the saturation of the peripheral areas of larger 
periclase aggregates with iron oxide blends the composition 
at the point of contact between grains and binder, causing 
disappearance of clear-cut boundaries between the ferrugin- 
ous binder and magnesian filler. 

The densification of the working layer due to intensive 
recrystallization of the periclase crystals and to the mini- 
mum content of non-refractory silicate binder between them 
helps to create a hearth, stable during operation, with a 
minimum amount of time spent on the repairs. 

As distinct from this, the formation of a working layer of 

Fig. 2. Mierostructure o~ working layer of hearth 
at different times during repairs: 

!-periclase; 2-magnesio-wustite; 3-calcium silicates:. 4-pores 
and cracks; a-perielase grains (pseudomorph after mag~lesite) 
when metallurgical power has been charged in furnace during 
repairs; b-periclase aggregates after heat-up of layer of 
powder; c-working layer of repaired hearth after slagging 

with scale, x 18.5. Reflected light. 
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hearth during multilayer repai rs  with metallurgical powder 
and slag is not accompanied by recrystal l izat ion of the per i -  
clase, since the slag components do not promote the growth 
of the per ic lase  crysta ls  when heated [9]. 

The densification and formation of a fairly wea r - r e s in -  
tant working layer during multilayer repa i r s  to hearths with 
slag were ensured by uniform distribution of the slagging 
material  between the powder grains and between the per i -  
clase crysta ls  in them. To make the distribution of the slag 
uniform, the metallurgical powder needed to be heated for 
some time (.more than 5 hours) and was applied to the hearth 
in thin layers of 10-20 ram. 

Distribution of the non-ref rac tory  binder between the 
per ic lase  crys ta ls  aided in their  rapid elution and dis-  
solving in the melt  reagents;  hence multi layer hearths 
made of metallurgical powder and slag proved less  wear-  
res i s tan t  than single layer  repai rs  with scale. 

During operation the hearth is in contact with the ore,  then 
with the liquid steel and, finally, with the melted slag. 

The sequence used at most metal works for loading non- 
metallic charge components precludes the possibility of con- 
tact between the hearth and the line. The latter  may only find 
its way into the hearth if the s tee l -smel t ing techniques are 
violated. 

The sequence of contact between reagents is maintained 
throughtout the period between repa i r s ,  thus furthering the 
corresponding variation in chemical and mineralogical com- 
position of the hearth. 

During the f i rs t  melt the hearths repai red  with scale show 
a reduction in the iron oxide content on account of dilution of 
the original components of the working-layer binder with melt  
reagents ,  and there is transit ion of some of the iron oxides 
into the liquid steel [8, 10]. 

VARIATION IN SiO2, IRON OXIDE, CaO AND CONTENT, WEIGHT %, 
IN HEARTH DURING FIRST AND SECOND MELTS* 

TABLE i 

Period of melt  

After scale slagging 

Fusion 

Tapping steel 

Distance 
from 

working 
surface, 

mm 

0--15 
7 
15 
7 
15 

sloo 

6,2 
5,4 
4,6 
8,9 
9,7 

Firs t  melt 

FeaOj** I CaO 

36,3 8,1 
22,4 5,6 
13,6 9,4 
24,7 19,7 
20,0 20,9 

AtgO SlOm 

44,8 
64,0 
62,7 �9 - - .  
39,7 
39,1 

7,1 

6,(] 
S,7! 

Second melt 

FemOs** C a O  MgO 

17,8 23,1 39,0 

33,7 16,T37,5 
36,3 ll,5 39,0 

*Repairs carried out with MPK powder 
** All iron in terms of Fe203. 

VARIATION IN ACTIVITY OF HEARTH, PULSE/MIN 

TABLE 2 

Activity of sample at distance 

End of fusion 

Tapping of melt 

Sample of hearth 

? 15 23 

37 [0 10 
l 0 l 

16 8 16 
2 5 1 

*Ore containing radioactive Fe s9 only loaded through first w~ndow. 

7 3 ~ 12 115 0 0 j 

3 2 } 8 105 

from working surface, mm Activity 

No. of 
Melt charging 30 37 Slag Steel 

window* 
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This transition is only possible when there is more than 
35-45% iron oxide in the hearth (Table I). 

Determinat ion of the activity of samples  f rom the hear th  
metal  and slag taken while the furnace  is operat ing enables 
us to de termine  the t r a n s f e r  of radioact ive i ron in the acid 
s tate  f rom the ore  to the hearth;  no t rans i t ion  of i ron to the 
hear th  f rom the liquid bath was  observed  (Table 2). 

Since the working layer of the hearth, both on a macro- 
and micro-scale, is not a homogeneous material, the chem- 
ical composition of an average sample is not an indication 
of the phase changes proceeding when the hearth reacts with 
the ore, steel and slag. For the purpose of elucidatingthese 
changes, the samples taken were viewed in reflected light 
under the microscope. 

When in contact with the ore during fusion, the hearth 
first reacts with the melt appearing as the ore is heated up. 

The probability of fayalite appearing during the process 
and then reacting with the hearth is confirmed by the varia- 

tion in mineralogical ~ompositioa of its binder. Enrichment 
of the hearth with silica from the silicate ore component 
transfers the composition of the hearth binder to the region 
of primary merwinite crystallization (Figure 3a). 

During subsequent  contact between the r epa i red  layer  and 
the liquid s teel  the re  is a shift in the i ron su rp lus  to the bath,  
and red i s t r ibu t ion  of it within the l a r g e r  magnesi te  gra ins .  
The difference between the FeO concentrat ion in the per iphera l  
and centra l  a r e a s  of pe r ic lase  c rys ta l  aggregates  ei ther  d i s -  
appears  or  is reduced.  

The silicate content in the binder is slightly increased. 

When the working surface of the hearth comes into contact 
wit~l slag during tapping of the melt, there is a change in the 
composition of the binder between the magnesite grains. The 
boundaries of the larger periclase grains acquire a sharp 
outline and the magnesian ferrugineous compounds and the 
merwinite in the binder almost completely disappear. They 
are replaced by olivine glass and biealeium silicate crystals. 
The growth of the peripheral pericalse crystals in the larger 

Fig. 3. Mierostruot~re of working Layer of hearth during 
operation; reflected light: 

1-magnesio-wustite; 2-calcium silicate; 3-merwinite, 

a-at end of first melt, x 86; b-after tapping first melt~ x 18.5; 
c-after tapping third melt, x 18.5. 
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periclase aggregates continues, and radial cracks appear, 
separating the larger crystals (Figure 3b}. The cracks 
then fill up with binder melt, their dimensions increase 
and the larger periclase crystals separate from the ag- 
gregates. As they enter the binder, the perielase crys- 
tals dissolve in it (Figure 3e). 

When they come into contact with the s lag f rom the f i r s t  
melt ,  the merwini te  c rys t a l s  only d i sappear  in the contact 
l ayer  (a few m m  thick}. During the second melt ,  the b ica l -  
cium si l icate  in the binder  d i sappea r s  and the merwini te  
r e a p p e a r s .  

The re la t ive ly  slight penetra t ion of calcium s i l ica tes  into 
the hear th  af ter  the f i r s t  melt  is due to the absence  of bumps  
or  cavit ies in the hear th ,  which means  that the s lag can be 
removed  completely and speedily f rom the furnace�9 F r o m  
then on the unevenness  of the hea r th  makes  it e a s i e r  for  the 
s lag to accumulate  on it and to penet ra te  to a g rea t  depth, on 
account of which bicalc ium si l icate  p redomina tes  in the 
binder  composit ion.  The merwini te  in the binder  d i sappea r s  
completely af ter  the fifth or  sixth melt ,  i r r e spec t i ve  of the 
t ime at which the sample  is taken. 

Merwinite c ry s t a l s  can be obse rved  mos t  c lear ly  in 
hear th  s amp le s  at the end of the second or  third mel t  
(Figure  4). 

Fig. 4. Merwinite c ry s t a l s  in hea r th  binder  
af ter  fusion: 

1-per ic lase ;  2-merwini te ;  3 -g las s .  x 200. 
Reflected light. 

The study of a la rge  number  of s amples  under the m i c r o -  
scope sugges t s  that hea r th s  r epa i r ed  with meta l lurg ica l  
powder and scale cons i s t  of la rge  magnes i te  powder  g ra ins ,  
sa tura ted  to a g r e a t e r  or  l e s s e r  degree  with i ron oxide, and 
of l ime-s i l i ca t e  binder  with a complex composi t ion changing 
according to operational conditions. 

The magnestie grains become enveloped in binder, the 

composi t ion and amount  of which also conditions the ra te  of 
wea r  of the hear th .  

Invest igat ion of s amp le s  taken f rom the hear th  at var ious  
per iods  during r e p a i r s  and smel t ing  sugges t s  that  the b inder  
composi t ion is l imited to the reg ion  of the mine ra l s  2CaO. 
�9 SiO 2 - 3CaO. MgO. MgO 2SiO 2 - CaO. MgO. SiO 2 - CaO. FeO. 
�9 SiO 2. 

Monticellite and fer r imont ine l l i te  are  r a r e l y  encountered 
on account of the format ion  of olivine g lass  f rom these  two 
minera ls �9  The solid phase  under operat ional  conditions is 
r ep re sen t ed  by magnes io -wus t i t e .  

If we d i s r ega rd  a cer ta in  amount  of A1203, the region 
where  there  are  binder  and r e f r a c t o r y  hea r th  components  may  
be located on the equi l ibr ium d iagram SiO 2 - CaO - MgO - 
FeO [8]. Here  the composi t ion of the r e f r a c t o r y  components  
in the magnes io -wus t i t e  l ies  on the s t ra igh t  line MgO-FeO. 

The region of the magnes io -wus t i t e  is extensive.  In a 
CaO - SiO - MgO - FeO sect ion it s t r e t ches  a lmos t  as  far  as 
the s t ra igh t  line CaO. MgO. SiO 2 - CaO. FeO. SIO2, and b o r d e r s  
close to this  line on the region of olivines formed through 
mutual  dissolut ion of the magnes ian  and fe r rug inous  o r tho -  
s i l ica tes  as  well  as  fe r romont ice l l i t e  and monticell i te .  

The interface between the magnes io -wus t i t e  and the ol iv-  
ines s t r e t ches  as  far  as the in te rsec t ion  with the MgO - SiO 2- 
FeO plane, somewhat  below the s t ra ight  line 2FeO. SiO 2 - 
2MgO. SiO 2. 

The region of the s i l icate  b inders  of the hear th  is located 
in the plane 2CaO- SiO 2 - CaO- MgO. SiO 2 - CaO. FeO. SiO 2 
which in t e r sec t s  with the plane al ready cons idered  CaO. SiO 2- 
MgO - FeO, o r  l ies  between them.  

At the p re sen t  t ime it is only the t r iangle  CaO. SiO 2 - 
CaO. MgO �9 SiO 2 - CaO- FeO. SiO 2 which has  been studied,  
hence the t e m p e r a t u r e  at which the liquid phase appears  in 
the bond can only be determined approximate ly  f rom the 
d iagram CaO. SiO 2 - 2CaO. SiO 2- CaO �9 MgO. SiO 2 - CaO�9 FeO- 
�9 SiO 2. Never the less  analys is  of this  d iagram may help to 
a s s e s s  the wea r  r e s i s t a n c e  of a hear th  containing a pa r t i cu la r  
binder .  

F igure  5 is a schemat ic  r ep re sen t a t i on  of the region of 
p r i m a r y  crys ta l l iza t ion  of the mine ra l s  or  exis tence of solid 
solutions of the t e t rahedron  under considerat ion.  

Some s implif icat ions  we have made in the r ep r e sen t a t i on  
of the boundary l ines and sur face  do not affect the s ize of the 
a r ea s  they enclose.  In the drawing the shaded a r ea  shows 
poss ib le  composi t ions  for  the hea r th  binder .  

Judging by the t e m p e r a t u r e s  of cer ta in  points on the dia- 
g r a m ,  the r e f r a c t o r i n e s s  of the binder  d rops  when the SiO 2 
content, and par t i cu la r ly  FeO content,  a re  increased;  these  
oxides are  the re fo re  considered  a g r e s s i v e  reagents �9  

The sa tura t ion  of the hea r th  with s i l ica  is  cons idered  
mos t  des i rab le ,  s ince by enter ing  the hear th  it is t r a n s f e r r e d  
completely to the b inder ,  shift ing the composi t ion of the la t te r  
f rom the region of p r i m a r y  crys ta l l iza t ion  of h i g h - r e f r a c t o r y  
bicalc ium sil icate to the reg ion  of re la t ive ly  l ight -mel t ing  
ol ivines.  According to pe t rographic  invest igat ion,  the i ron  
oxides p r e sen t  in the hea r th  a re  mainly compounded with MgO, 
forming  magnes io -wus t i t e  with a melt ing point of about 2000 ~ 

Study shows that the bas ic  reagen ts  affecting the compos i -  
tion of the b inder ,  and the re fo re  the operat ional  c h a r a c t e r i s t i c s  
of the hea r th  a re  o re  and slag.  

The composi t ion of the binder  and the reduct ion in its r e -  
f r a c t o r i n e s s  during the mel t  a re  due to the t rans i t ion  of s i l ica  
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Fig. 5. Equilibrium phase diagram for system 2CaO. SiO 2 - CaO. MgO o SiO 2 - CaO- FeO. SiO2 - 
CaO- SiO 2. 

- -  l ines on planes  C2S - CMS-CFS, C2S-CS and CMS-CFS-CS; . . . .  l ines on plane C2S-CMS-CS; 
. . . . . .  a s sum ed  lines; . . . . . .  l ines in te t rahedron .  

and i ron  oxides f rom the ore  to the hear th .  The e ros ion  of 
the upper working sur face  of the hear th  with an i nc rease  in 
the amount  and var ia t ion in the chemical  composi t ion of the 
binder  during the final f i r ing is due to the high t e m p e r a t u r e  
and mechanical  effect of the bath on the hear th .  During th is  
per iod manganese  oxides move f rom the bath to the hea r th  
and i ron oxide s u r p l u s e s  move f rom the hear th  to the bath. 

The amount  of binder  is inc reased  when the s teel  is tapped,  
owing to sa tura t ion  of the hea r th  with slag. E ros ion  of the 
upper  working layer  of the hea r th  with an inc reased  amount  
and modified chemical  composi t ion of the bond during the 
final f i r ing is due to the high t e m p e r a t u r e  and mechanical  
effect of the bath on the hear th .  During th is  per iod  mangan-  
ese oxides a r e  t r a n s f e r r e d  f rom the bath to the hea r th  and 
i ron  oxide s u r p l u s e s  f rom the hear th  to the bath.  

The amount  of binder  is inc reased  when steel  is  being 
tapped owing to the sa tura t ion  of the hea r th  with slag.  

The re la t ive ly  pe rmanen t  chemical  composi t io r  of the 
working layer  during the per iod between r e p a i r s  is due to 
the content in it of 30-35% MgO. F u r t h e r  sa tura t ion  of the 
hea r th  with s i l ica tes  i n c r e a s e s  the amount  of b inder  beyond 
the n o r m  and reduces  the MgO content. The a r ea  of the 
working layer  with an inc reased  si l icate  content can easi ly  
be washed  off with liquid s teel .  There  is  r emova l  of the r e -  
action layer  during every  melt .  

The uneven sur face  formed on the hear th  helps the s lag 

to accumulate, promotes nonuniform saturation of the working 
layer  and causes  a reduct ion in i ts  se rv ice  life. 

An inc rease  in the s e r v i c e  life of the hear th  can be brought  
about if the r ec rys t a l l i za t ion  of the pe r i c l a se  component  during 
r e p a i r s  is as complete as  poss ib le ;  if the reduct ion in the 
si l icate content in initial m a t e r i a l s  is maximum~ if the Lime 
over  which the hear th  is in contact with the o re  and slag is 
reduced~ and if no overheat ing of the liquid s teel  is permi t ted .  
Immedia te  r e p a i r s  when uneveness  occur s  on the hear th  and 
r emova l  of the s lag f rom it also helps to i nc rease  the s tab i l -  
ity of the hear th .  

Volumetr ic  changes in the hea r th  can only be due to v a r -  
iable t e m p e r a t u r e .  

Volumetr ic  changes assoc ia ted  with the oxidiz ing-reducing 
p r o c e s s e s ,  no ma t t e r  whether  the furnace  is charged or  not, 
should not be expected on account of the p r e sence  of a con-  
s tant ly reducing medium at the contact point between the 
hear th  and the f lames  in the working layer  of the open-hear th .  
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RESEARCH W O R K  

TECHNOLOGICAL FEATURES OF CASTING Z I R C O N I A  PARTS 

G . P .  KALLIGA,  V .A.  KOLBASOVA AND D.N.  POLUBOYARINOV 
(Mendeleyev  Chemica l  Technology  Inst i tute)  

The technique  of c a s t i n g  z i r c o n i a  p a r t s  f r o m  aqueous  
s u s p e n s i o n s  of s t ab i l i zed  z i r c o n i u m  dioxide i s  of  defini te  
p r a c t i c a l  va lue ,  desp i t e  i t s  comp l ex i t y  and l a b o r i o u s n e s s .  

The p a r t s  a r e  c a s t  f r o m  s l u r r i e s  wi th  a r e l a t i v e l y  low 
m o i s t u r e  content  and the g r e e n  wa re  is  f a i r l y  dense  and 
s t rong ,  which  keeps  the  s h r i n k a g e  down dur ing  f i r ing  and 
r e d u c e s  the pos s ib i l i t y  of f laws  o c c u r r i n g  dur ing  th i s  t e ch -  
nologica l  p r o c e s s  [1-3]. 

The method  m a k e s  it pos s ib l e  to u se  p a r t s  made  f r o m  
" d a m p "  m i x t u r e s  which  had been  spoi led by f i r ing .  The 
method  i s  a l so  usefu l  for  the  m a n u f a c t u r e  of z i r con ia  p a r t s  
with improved  t h e r m a l  s tab i l i ty  by s y n t h e s i z i n g  t hem f r o m  
cubic  ZrO 2 with the  addi t ion of monoc l in i c  ZrO 2 [4-6]. 

As  a r e s u l t  of a n u m b e r  of i nves t i ga t i ons  [1-3,  7-9] ,  a 
t echnolog ica l  p r o c e d u r e  ha s  been worked out for  w a t e r  c a s t -  
ing  p a r t s  f r o m  s t ab i l i zed  ZrO2,  and the p o s s i b i l i t y  h a s  been  
shown in p r i nc ip l e  of  c a s t i n g  p a r t s  both  in ac id  and  a lka l ine  
m e d i u m s .  

The fol lowing m e t h o d s  have  been put  fo rward  for  f inely  
p u l v e r i z i n g  the  ma te r i a l :  a) r u b b e r  l ined m i l l s  with  z i r eon i a  
ba l l s  p roduc ing  "a lka l ine"  s l ips ;  b) s t ee l  m i l l s  with  s u b s e -  
quent  t r e a t m e n t  of the m a t e r i a l  with  hyd roch lo r i c  acid to 
r e m o v e  the i ron ,  p roduc ing  "ac id"  s l ips .  

The  technolog ica l  adv i sab i l i ty  of t h e s e  m e t h o d s  of p r e p a r -  
ing the m a t e r i a l ,  however ,  the acid t r e a t m e n t  and cas t ing  of 
the p a r t s  in d i f fe ren t  m e d i a  have  not been  de sc r i bed  a d e -  
qua te ly  in t echn ica l  l i t e r a t u r e .  

Th i s  a r t i c l e  is  devoted to the  s tudy  of t h e s e  p r o c e s s e s .  

For the investigation we used zirconium dioxide stabilized 
with 6% CaO. The industrial zirconium dioxide contained 
97.55% ZrO 2 and i. 15% TiO 2. The initial materials were in- 
dustrial ZrO 2 and CaCO 3 (type 'eh') and were pulverized in 
ball mills by the wet method. The zirconium dioxide spent 
40 hours in the metal mill, after which it was washed with 
HCI and decanted with water unitl the pH value was 3; the 
CaCO 3 was ground in a rubber-lined corundum-ball mill for 
15 hours. The amount of corundum impurity was not more 
than 0.2go of the CaCO weight. 

The m a t e r i a l s  we re  mixed  by the s l ip  method  and then 
dehydra ted;  the m i x u t r e  was  dr ied ,  pu lve r i zed  and p r e s s e d  
at 500 k g / c m  2 into cy l indr i ca l  c o m p a c t s  50 m m  in d i a m e t e r  
and length.  The c o m p a c t s  w e r e  f i red  at  1750 ~ for  2 h o u r s .  
the f i red  c o m p a c t s  w e r e  then ground  in jaw and r o l l e r  
c r u s h e r s ,  the  powder  w a s  p a s s e d  th rough  a 0 .5  m m  s c r e e n !  
and then  underwen t  m a g n e t i c  s epa ra t i on .  Mic roscop ic  and 
x - r a y  a n a l y s e s  showed v i r tua l ly  comple te  s t ab i l i za t ion  of 
the z i r c o n i u m  dioxide in the f i r ed  p r o d u c t s .  

The  s l ip  for  ca s t ing  the p a r t s  was  m a d e  with powder  by 
two methods :  

a) by the wet method of grinding for 80 hours in a rubber- 
lined mill with zirconia cylinders or in certain cases with 
corundum balls. The weight ratio of the balls, material and 
water was 2.5 : 1 : i. The zireonia were made as rolled 
stabilized ZrO 2 cylinders 15-20 mm in diameter and height; 
the bulk density of the cylinders was 5.1-5.3 g/em 3 and 
their porosity 1-2%. 

The grinding impurity resulting from abrasion of the 
zirconia cylinders amountedto40% of the weight of the zircon- 
ium dioxide charged. A grinding time of 89 hours was 
selected on the basis of [I] which states that 52 hours grinding 
produces adequate dispersion of the material. 

b) by the wet  method  of g r ind ing  in a s t ee l  mi l l  for  45, 60, 
80, 100 and 120 h o u r s  with s i m i l a r  load r a t i o s  and subse q u en t  
t r e a t m e n t  with hy rdoch lo r i c  acid and decan ta t ion  with wa t e r  
to a pH value  of 1 . 5 - 1 . 7  (bulk); the  effect  of the d i f f e rence  in 
the pu lve r i za t i on  t ime  was  s tudied  s ince  t he r e  i s  no r e l e v a n t  
da ta  on s t e e l - m i l l  g r ind ing .  

T h u s ,  for  our  work  we used two types  of init ial  sl ip:  
a lka l ine  s l ip  with a pH value  of 10.5 and ac id ic  s l ip  with a 
pH value  of 1 . 5 - i .  7. 

Study of the ca s t ab i l i t y  of a lka l ine  s l i~ .  Sed imenta t ion  
a n a l y s i s  of di luted s l ip  s u s p e n s i o n s  shows  that  in the  a lkal ine  
m e d i u m  the ZrO 2 p a r t i c l e s  a r e  p r e s e n t  in a m o r e  aggrega ted  
s ta te  than  in an acid m e d i u m  at  a pH va lue  of 2 . 0 - 2 . 5  (Fig. 1). 

The n u m b e r  of Z rO  2 p a r t i c l e s  l e s s  than  5 m i c r o n s ,  even  
in the acid m e d i u m ,  did not  exceed  36%, w h e r e a s  the 


