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The production of vacuum-tight  corundum ce ramics  of complex configuration entails difficulties owing 
to their  considerable shrinkage and deformation during firing. It has been shown [1] that it is possible to 
produce a corundum ceramic  with an open porosi ty of 17-18% before f ir ing and a firi,,g shrinkage of 6-7%. 
The interrelat ion between the shrinkage and deformation [2] suggests  that a decrease  in the shrinkage of 
the ce ramic  dur i -g  h igh- tempera ture  f i r i -g  will resul t  in a corresponding decrease  in deformation. 

Experimental  confirmation of this theory was sought by a- investigation of the kinetics of the shrinkage, 
deformation,  andcha-ge  in porosity over  the tempera ture  range 1300-1750~ for three types of co ru -dum 
ce ramic  produced by different methods. 

The star t ing mater ia l  for all specimens was f ine-ground alumina with added magnesium oxide (0.1- 
0.2%). In production versio~ I, the alumina was calcined at 1550~ and i,~ version II and III at 1750~ 
All specimens were fired at 1300~ In version III, the specimens were impregnated (after f ir ing at 1300~ 
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Fig. 1. The kinetics of the deformation % over  1300- 
1500~ of corundum specimens produced in vers ions  
I, II, and III. The f ir ing tempera ture ,  ~ is stated 
against each curve.  The deformation at 1750~ is 
that after isothermal  holdi-g for 6h. 

TABLE 1. Charac ter i s t ics  of Corundum Specimens Produced in Three 
Different Versions 

" Properties of the specimens 
Production Production method after firing at 1300"C 
version ope~ -- ' ~ "  

IpOrosity % isity, g/cm 3 

I 
II 
Ill 

Cast from alumina calcined at 1550"C 
Cast from alumina calcined at 1750"C 
Cast from alumina calcined at 1750"C and im- 

pregnated 

33,0 2,60 
25,0 2,85 

14,0--22,0 3,15--2,95 
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Fig. 2 Fig. 3 
Fig. 2. The kinetics of the decrease in the open porosity P 
of corundum specimens produced in versions I, II, and III. 
The firing temperature, ~ is stated against each curve. 

Fig. 3. The variation of the growth (1), open porosity P (2), 
and apparent density T (3) of specimens of version Ill with 
the holding time at 1400~ The specimens were impregnated 
with a salt containing aluminum and potassium. 

with m e l t s  of v a r i o u s  a l u m i n u m - c o n t a i n i n g  s a l t s  fo l lowed  by the d i s s o c i a t i o n  of  the l a t t e r .  The r e s u l t  was  
tha t  the i n i t i a l  p o r o s i t y  of  the s p e c i m e n s  f i r e d  at  1300~ d i f f e r e d  s i g n i f i c a n t l y  and was  at m i n i m u m  for  
s p e c i m e n s  p r o d u c e d  by  v e r m o n  III (Table  1). 

The  k i n e t i c s  of  s i n t e r i n g  was  s tud ied  o v e r  the t e m p e r a t u r e  r ange  c o n c e r n e d  on c y l i n d r i c a l  s p e c i m e n s  
12 m m  in d i a m e t e r  and 20 m m  in he igh t .  The  k i n e t i c s  of  the d e f o r m a t i o n  of the s p e c i m e n s  under  t h e i r  own 
weigh t  o v e r  1300-1500~ was  i n v e s t i g a t e d  by a known me thod  [3] on b a r s  m e a s u r i n g  5 x 5 x 80 m m .  The 
d e f o r m a t i o n  at  1750~ was  e x p r e s s e d  in t e r m s  of the de f l e c t i on  of  s i m i l a r  b a r s  p l a c e d  on c o r u n d u m  s u p p o r t s  
the d i s t a n c e  of  which was  tha t  used  by K a i n a r s k i i  e t  al .  [3]. The  s p e c i m e n s  w e r e  h e a t e d  in these  e x p e r i -  
m e n t s  to 1750~ in an o p e n - f l a m e  s u r f a c e  with a ho ld ing  t i m e  of  6 h. 

The  me thod  of  p r o d u c i n g  the s p e c i m e n s  i n f l u e n c e s  t h e i r  f i r i n g  s h r i n k a g e  and deformat io ,~  to a s i g n i -  
f i c a n t  ex ten t .  F o r  s p e c i m e n s  p r o d u c e d  f r o m  a l u m i n a  c a l c i n e d  at  1750~ the s h r i n k a g e  d u r i n g  ho ld ing  at  
v a r i o u s  t e m p e r a t u r e s  o v e r  1400-1750~ d e c r e a s e s  f r o m  2.8-12% to 1.5-9.1"70, and the d e f o r m a t i o n  f r o m  
1 .1 -4 .0  m m  to 0 .2 -2 .5  m m  (Table  2, F ig .  1). The i m p r e g n a t i o n  of  the s p e c i m e n  r e s u l t s  in a f u r t h e r d e e r e a s e  
in the s h r i n k a g e  to 6.5-8.4% at  1750~ and in the d e f o r m a t i o n  to 1 .25-1 .50  ram.  The  d e f o r m a t i o n  is  thus  
r e d u c e d  by  a f a c t o r  of  two and a ha l f  as  a r e s u l t  of  the change  in the p roduc t i on  t echno logy .  

The  u l t i m a t e  open p o r o s i t y  of  the s p e c i m e n s  was  z e r o  r e g a r d l e s s  of  the p roduc t ion  me thod  but  the 
r a t e  of  d e c r e a s e  in the p o r o s i t y  i s  a t  m a x i m u m  at the h i g h e r  t e m p e r a t u r e s  (Fig .  2). 

L ike  the i n c r e a s e  in the open p o r o s i t y  at  the s t a r t  of  i s o t h e r m a l  hea t ing  at  1400~ th i s  phenomenon  
i s  p r o b a b l y  c o n n e c t e d  with the con t inu ing  e l i m i n a t i o n  of the v o l a t i l e  c o m p o n e n t s  of the a l u m i n u m - c o n t a i n i n g  
s a l t  (more  p a r t i c u l a r l y ,  K20 ) a t  1300-1600~ In the c a s e  of  c e r t a i n  s a l t s  used  a s  add i t ive  the s p e c i m e n s  
g r e w  by up to about  6% and the p o r o s i t y  i n c r e a s e d  and the d e n s i t y  d e c r e a s e d  a p p r e c i a b l y  d u r i n g  i s o t h e r m a l  
ho ld ing  at  1400~ (F ig .  3). Th i s  p r o c e s s  r e a c h e d  i t s  d e v e l o p m e n t  peak  a f t e r  4b  hold ing  fo l lowing  which 
s i n t e r i n g  s e t  in.  When d e c i d i n g  the t e c h n o l o g i c a l  p a r a m e t e r s  a c c oun t  had to be taken of  the fac t  that  a 

T A B L E  2. The  P r o d u c t i o n  Method as  a F a c t o r  in the Sh r inka ge ,  D e -  
f o r m a t i o n ,  and Open  P o r o s i t y  of the S p e c i m e n s  a f t e r  6 h Hold ing  at  
T e m p e r a t u r e s  f r o m  1300 to 1750~ 

U ~~ 
-4 ~J raa 

1300 
t400 
1500 
!600 
1750 

Y,% 

7.8 
6,5 
9,5 

12,0 

Properties of specimens produced by versions (see Table t) 

le-102,mrri I P, % 

32,4 33,0 
II0,0 24,0 
238,0 16,0 

I I  

S, % t ~'I~ i P, e; 

19,7 [ 25,0 
175 41,4 20,8 

14,4 4,5 150,0 ~,6 
7,6 
9,1 250,0 

III 

I $' % I e.10% toni 

- -  3,6--7,2 
0,5--1,1 10,8--21,6 
1,0--1,9 36,0--75,6 
2,6--6,0 
6,5--8,4 125,0--150,0 

I p, % 

t7,5--22,5 
19,0--21,2 
17,7--17,6 
14,8--8,5 

0 

*S) Shrinkage,e) deformation, and P) open porosity. 
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Fig. 4 Fig. 5 Fig. 6 
Fig. 4. The porosi ty of the intermediate product as a factor  in the shrinkage S (a) and 
deformation e (b) of corundum specimens fired at 1300-1750~ The f ir ing t empera -  
ture,  ~ is stated against each curve.  

Fig. 5. The interrelat ion of the shrinkage and deformation e of the corundum speci -  
mens:  �9 deformation data obtained over  the tempera ture  range 1300-1500~ by a 
known method [3], x) deformation expressed in t e rms  of the deflection after  f ir ing at 
1750~ 

Fig. 6. The effect of f ir ing in stages on the kinetics of the deformations at 1500~ of 
specimens of vers ions  I, II, and III: a) d i rect  heating, b) heating with a step at 1400~ 

higher temperature and the impregnation with salts containing aluminum and potassium may result even in 
the destruction of the specimens. 

As expected, the porosity of the intermediate product proved to be the principal factor in the in- 
fluence of the production technology on the shrinkage and deformation of the specimens. A decrease in this 
porosity results in a sharp decrease in the firing shrinkage and deformation (Fig. 4) a finding which is 
confirmed by the known interrelation [2] of these two processes (Fig. 5). 

It has been shown [2] that firing in stages is an effective method of reducing deformation. In the 
present investigation too the deformation after firing at 1500~ was considerably lowerwhen the temperature 
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Fig. 7 Fig. 8 
Fig. 7. The tempera ture  dependence of the deformation e 
of specimens of vers ions  I, II, and III in di rect  (a), and 
stepwise (b) heating: • specimens impregnated with am-  
monia alum, A) specimens impregnated with a 1/3 mixture 
of potass ium alum and ammonia  alum. 

Fig. 8. The variation of the porosi ty 1 D (1), l inear  d imen-  
sion {2), and apparent density 3' (3) of specimens of  vers ion 
III with the tempera ture  after  6 h i so thermal  holding in 
stepwise heating. The specimens were impregnated with 
a salt containing aluminum and potass ium. 
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was inc rea sed  with a s teps  of 100~ (Fig. 6), L e . , 3 7 , 2 7 ,  and 3~0 for  spec imen ve r s ions  [, II,  and III,  r e -  
spect ively .  

When spec imens  are  f i red  in a single stage to 1500~ and then again f i red  at 1750~ their  d e f o r m a -  
tion is also lower  (by 21-27~ tha~ in d i rec t  heating at 1750~ (after calcining at 1300~ (Fig. 7). 

F i r ing  in s tages  p r e v e , t s  the c rack ing  of spec imens  impregnated  with ce r ta in  sa l ts  but the spec imens  
continue to grow to 1400~ and r e s u m e  the i r  or iginal  d imens ions  only at 1650~ as a resu l t  of s in ter ing  
which se t s  i~ at 1400~ (Fig. 8). The poros i ty  of specime,~s f i red  at 1600~ r e m a i n s  ve ry  high, however  
(about 20%) and it d e c r e a s e s  to zero only a f t e r  f i r ing at 1750~ while the density i n c r e a s e s  to 3.8 g / c m  '~. 

The guideline whe.  choosing the a luminum-co~ta in i -g  sa l t  should ,lot be m e r e l y  the amount by which 
the poros i ty  of  the in te rmedia te  product  can be reduced but also the volumetr ic  changes i ,  the subsequent  
heat ing p roce s s .  The bes t  sa l t  is  o~e which produces  no inc rease  i~ the volume when it  d i s soc ia tes .  

This  invest igat ion showed that  the use of a l u m i - a  ca l e i - ed  at 1750~ for  the production of the c e r a m i c  
developed at the Ukrainian Sc ien t i f i c -Resea rch  I~sti tute for  Re f r ac to r i e s ,  a-d the impregnat ion  of the i~ t e r -  
media te  product  with an alumi,~um-co~taini~g sal t  makes  it poss ible  to reduce the de fo rma t io ,  to half of 
that  of  spec imens  produced by the usual tech-ology for  a c e r a m i c  of this type. F i r ing  in s tages  also helps 
to reduce deformat ion  (by 21-27%) but to a cons iderably  l e s s e r  extent than the cha-ge  in the method of 
producing the spec imens .  

This  method should be r ecommended  for  use in the manufacture  of thin-walled complex-shape  c o r u , -  
dum products  r equ i r ing  a high degree  of prec is ion  i~ d imens ions  a~d configuration.  
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