
Porous  r e f r ac to ry  ar t ic les  were prepared  at the Magnesite Combine using fused per ic lase  gra ins  (uni- 
form granules) of fract ions of 1-0.5 mm and granules  of the laminated s t ructure  with the applied layer  con- 
sisting of 97% MgO and 3% ZrO 2. The press ing p re s su re  was 10 MPa. The ar t ic les  were fired in a tunnel 
kiln at 1080~ 

It is c lear  f rom Table 3 that the ar t ic les  made from the laminated granules  are  significantly s t ronger  
than those made f rom the continuous granules.  The the rmal - shock  res is tance  and the open porosi ty  are also 
higher. 

CONCLUSIONS 

It is shown that it is possible to produce strong granules of a laminated structure based on dense peri- 

clase grains and active finely dispersed materials. The optimum production parameters have been determined. 

Some features of the structure and phase composition of the laminated granules obtained on the basis of peri- 

clase materials activated by additions of ZrO 2, AI203, La203, and mixtures of these are described. 

It is established that a characteristic feature of the structure of laminated granules is the formation on 

the surface layer  of minera ls  whose presence  can intensify the sintering of the masse s  and consequently direct  
the s t ruc tu re - fo rmat ion  p rocesses  in the production of an industrial  ceramic .  

The accumulation of industrial  experience has shown that on the basis of laminated granules  it is possible 
to make per ic lase  ar t ic les  with an open porosi ty  >- 60?0. By compar ison with ar t ic les  made from granules of 
a uniform s t ructure  their ultimate compress ive  strength and thermal - shock  res is tance  is double. 
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EFFECT OF HYDROSTATIC PRESSING ON SOME 

PROPERTIES OF A CERAMIC BASED ON AI20 3 

AND Sc20 3 
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G. Y a .  M a s l o v a ,  N. A. L e v k o v i c h ,  
a n d  L .  A.  O r l o v a  

UDC 666.762.1+ 666.762.6].032.6:621.7.044.4 

High-pressure  hydrostat ic  press ing of powders is widely used in the t reatment  of metals  and their alloys 
[1, 2]. This method is used comparat ively ra re ly  in ceramic  production [3]. 

It is well known that the density and strength of a mater ia l  are increased under the action of high p res -  
sures.  We have now studied the effect of the p res su re  in hydrostat ic  pressing on some of the physicomechanical  
proper t ies  of high-melt ing oxides. 

As the experimental  mater ia l s  we used alumina powder modified with small additions of magnesium 
oxide (0.3%) and also scandium oxide powder, "exceptionally pure-99.9" grade. Blanks were made from the 
start ing mate r ia l s  in metal  molds under a p r e s su re  of 100 MPa. Some of the blanks were then hydrostatically 
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Fig .  1. D e p e n d e n c e  of the  r e l a t i v e  d e n s i t y  p of s p e c i m e n s  
of A120 3 (a) and Sc20 3 (b) on the p r e s s i n g  p r e s s u r e  p; 
f i g u r e s  on c u r v e s  i n d i c a t e  the h e a t - t r e a t m e n t  t e m p e r a t u r e  
of the  s p e c i m e n s ,  ~ 

p r e s s e d  at  100 up to 2000 M P a  in a c o n t a i n e r  with a work ing  d i a m e t e r  of 20 m m  and a he igh t  of 200 m m  
m o u n t e d  in a P D - 4 7 6  p r e s s .  A s  the  work ing  l iqu id  we used  the i n d u s t r i a l  "20" l u b r i c a n t .  

The  b l a n k s  w e r e  f i r e d  at  1300~ fo r  1 h in an a i r  m e d i u m  and s i n t e r e d  in vacuum with a r e s i d u a l  g a s  
p r e s s u r e  of 0 .133-1 .33  M P a  in the  1500-1800~ i n t e r v a l  (A1203 s p e c i m e n s )  and 1500-2100~ ( s p e c i m e n s  of 
Sc203) in  s t e p s  of 100~ and a dwel l  of 1 h at  the  m a x i m u m  t e m p e r a t u r e .  F o r  t h e s e  s p e c i m e n s  ~ e  s t ud i ed  the 
e f f ec t  of h igh p r e s s u r e s  on the d e n s i t y ,  m i c r o s t r u c t u r e ,  m i e r o h a r d n e s s ,  and u l t i m a t e  bend s t r eng th .  

The  d e n s i t y  of the s p e c i m e n s  was  d e t e r m i n e d  by h y d r o s t a t i c  weighing  in d i s t i l l e d  wa te r .  The  m i c r o -  
s t r u c t u r e  of p o l i s h e d  s l i c e s  was  d e t e r m i n e d  us ing  an MBI-11  m i c r o s c o p e .  The m i c r o h a r d n e s s  was  d e t e r m i n e d  
in  a P1ViT-3 m i c r o h a r d n e s s  m e t e r  us ing  the u s u a l  me thod ;  the  load  on the A1203 was  100 g and on the Se2Oz, 
50 g. The u l t i m a t e  bend s t r e n g t h ,  Obend , was  m e a s u r e d  with a PT250M in a c c o r d a n c e  with  a t h r e e - p o i n t  
bend s y s t e m  on s p e c i m e n s  m e a s u r i n g  7 • 7 x 60 m m .  

F i g u r e  i shows  the d e p e n d e n c e  of the  d e n s i t y  of the  A1203 and Sc203 s p e c i m e n s  on the p r e s s u r e  of the  
h y d r o s t a t i c  p r e s s i n g  at  v a r i o u s  s i n t e r i n g  t e m p e r a t u r e s .  At  r e l a t i v e l y  low t e m p e r a t u r e s  the  d e n s i t y  of the  
s p e c i m e n s  of both c o m p o s i t i o n s  i n c r e a s e s  wi th  the  h y d r o s t a t i c  p r e s s i n g  p r e s s u r e  at  p r e s s u r e s  of 1500-2000 
M P a  by 5@/0 on a v e r a g e  fo r  the  A1203 s p e c i m e n s  and by 25% for  the  Sc203. When  the A1203 i s  s i n t e r e d  in  the  
1500-1600~ i n t e r v a l  and Sc203 in the  1600-1900~ i n t e r v a l ,  the  e f fec t  of p r e s s u r e  on the d e n s i t y  of the  
s p e c i m e n s  i s  qu i te  s i g n i f i c a n t  but  wi th  an i n c r e a s e  in t e m p e r a t u r e  the e f fec t  b e c o m e s  m a r k e d l y  w e a k e r .  The  
p r e s s i n g  p r e s s u r e  h a s  l i t t l e  e f f ec t  on the a v e r a g e  g r a i n  s i z e  of the  Sc203 c e r a m i c  (Tab le  1). An i n c r e a s e  in the  
g r a i n  s i z e  in the  A1203 s p e c i m e n s  f r o m  10 up to 15-20 /~m i s  o b s e r v e d  at  1700~ and f r o m  40 to 50-60 ~:m at 
1800~ 

A p r e l i m i n a r y  a n a l y s i s  of the e x p e r i m e n t a l  d e p e n d e n c e s  of ~ b e n d  on the  s i n t e r i n g  t e m p e r a t u r e  and 
p r e s s u r e  u n d e r  h y d r o s t a t i c  p r e s s i n g  showed tha t  in the  e x p e r i m e n t a l  i n t e r v a l  of t h e s e  p a r a m e t e r s ,  the s t r e n g t h  

T A B L E  1. C h a r a c t e r i s t i c s  of S p e c i m e n s  of A1203 and Sc203 C e r a m i c s  

Characteristic 

Sintering temperature, ~ 
Relative density. % 
Average size of crystals, pin 
MicroSardness. MPa 
Ultimate bend strength, MPa 

Value of characteristic for specimen of 
AI203 1 S%Os 

obtained by pressing in 
semidry 
method 

1800 
99.0 
40 

22.0 
180 

aydrostatic 
method~ 

1700/1700 
98,9/99,0 

13/19 
22,3/25,8 
150/310 

semidry hydrostatic 
method rnethodT 

2000 1900/1900 
94,5 94,6/98,0 
11 11/11 

8,6/9,5' 
1138'5 102/155 

* N u m e r a t o r ,  u n d e r  p r e s s u r e  of 100 MPa ;  d e n o m i n a t o r ,  2000 MPa .  
~ N u m e r a t o r ,  u n d e r  100 M P a ;  d e n o m i n a t o r ,  800 NIPa. 
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Fig.  2. The ca lcu la ted  dependence of the u l t imate  
bend s t rength  Crbend on the s in te r ing  t e m p e r a t u r e  

T of a c e r a m i c  based  on A1203 (a) and Sc203 (b): 
�9 , zX, x, o, m) e x t r e m a l  points  co r respond ing  to 
the hydros ta t i c  p r e s s u r e ;  E3) points  co r re spond ing  
to s e m i d r y  p r e s s i n g ;  f igures  on cu rves  indica te  
the p r e s s i n g  p r e s s u r e ,  MPa. 

r e aches  e x t r e m a l  va lues  (each expe r imen t a l  point was ca lcu la t ed  as the ave rage  of the r e s u l t s  f rom 5-10 
m e a s u r e m e n t s ) .  In o r d e r  to de t e rmine  the opt imal  p a r a m e t e r s  for  the product ion p r o c e s s  of obtaining an 
oxide c e r a m i c  with improved  s t rength ,  tile r e s u l t s  were  p r o c e s s e d  using the AS OSD [4] s y s t e m  in an M-222 
compute r  according  to the method involving a mul t i f ac to r  r e g r e s s i o n  ana lys i s  [5]. 

To obtain a model  of the p r o c e s s  we used pa s s i ve  observa t ions .  As the v a r i a b l e s  which affect  the p r o -  
c e s s  we chose  the s in te r ing  t e m p e r a t u r e  T and p r e s s u r e  p. On the bas i s  of accumula ted  s t a t i s t i c s ,  we ob- 
ta ined the equations of a p a i r w i s e  r e g r e s s i o n  of the output p a r a m e t e r ,  Obend , as a function of the va r i ab le  
T with fixed values  of p. Second -o rde r  po lynomia l s  of the fo rm 

a b ertd=ao + at T + a~ T2, (1) 

where  a0, a t, and a 2 a re  coeff ic ients ,  were  found to be adequate dependences  in a l l  ca ses .  

Consequently,  for alI fixed values  of the p r e s s u r e  the re  i s  a t e m p e r a t u r e  at which O bend has  a max imum 
value (Fig. 2). 

In the second s tage of the study we c a r r i e d  out a s t a t i s t i c a l  t r e a t m e n t  of the r e s u l t s  using mul t i f ac to r  
r e g r e s s i o n  ana lys i s .  Power  r e g r e s s i o n  equations were  obtained for  the e x p e r i m e n t a l  m a t e r i a l s  which were  
cons ide r ed  as  the f i r s t  approximat ion  of the p r o c e s s  model .  

In the ca se  of the A1203 c e r a m i c ,  the power  r e g r e s s i o n  equation in a s t anda rd i zed  sca le  has the following 
form: 

Oben~ --36.46 + 80.09 T + 0.68 Tp-- 0.32p2--43.1T 2. 

Equation (2) made i t  poss ib l e  to ca lcu la te  the opt imal  va lues  of p and T in o rde r  to obtain max imum 

values  of Obend: Top t = 1686~ and Popt = 2090 MPa. 

It is  c l e a r  f rom Eq. (2) that abend  of the c e r a m i c  depends s igni f icant ly  on the s in te r ing  t e m p e r a t u r e ,  
the in te rac t ion  fac tor  of the t e m p e r a t u r e  and p r e s s u r e ,  and the square  of the p r e s s u r e .  The re  i s  no t e r m  
in the equation which takes  into accou~at the effect  of the p r e s s u r e  in the e xpe r i m e n t a l  range  on ~bend s ince  
the coeff ic ient  in this  case  i s  ins ignif icant .  

(2) 
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It is c lear  f rom the curves  shown in Fig. 2a that the g rea tes t  value of abend is found when T'op t = 

1683~ and P'opt = 1500 M13a; this is in good agreement  with the conclusions reached from the power r e g r e s -  
sion equation. The difference in the value of the optimum p re s su re  leads to a 2% change in Obend , confirming 
the very  small  effect due to p r e s su re  in this par t icular  range. 

In the case of Sc203, the mult i factor  r eg ress ion  equation has the following form in a s tandardized scale: 

bend = --6,93 + 1,95p + 15.92 T --0,95pT-- 1,33p2~8.59T ~. (3) 

Hence Popt = 822 MPa and Top t = 1900~ 

F r o m  the family of curves  in Fig. 2b, we have the following: P'o-t = 1000 M13a and Top t = 1878~ (the 
difference between the values of abend for Popt, Topt and p opt, Topt is _2%). 

An analysis of Eq. (3) suggested that in the case of Sc203 as in the case  of A1203, abend depends signifi- 
cantly on the sintering tempera ture  and to a l e s se r  extent on the press ing pressure .  

In process ing the experimental  mater ia l ,  we considered a l inear model which would take into account 
both the l inear t e rms  and also the interaction coefficients.  In both cases  the equations represent ing a complete 
second-order  polynomial as a function of two var iables  were adequate. The quality (correctness)  of the obtained 
regress ion  equations were checked using remainder  analysis  [4]. 

The mathemat ica l  t rea tment  of the experimental  data made it possible to evaluate the charac te r  of the 
effect of the production pa rame te r s  (p and T) on the mechanical  proper t ies  of the experimental  mate r ia l s  and to 
calculate their optimal values. 

The data in Table 1 show that at the same p r e s s u r e s  for the semidry  and hydrostat ic  press ing methods 
(100 MPa), the charac te r i s t i c s  of the ceramic  differ very  little. The use of high p r e s s u r e  in hydrostat ic  
press ing makes  it possible to obtain high-densi ty ceramic  mate r i a l s  at a sintering tempera ture  100-150~ 
below the tempera ture  of specimens p ressed  under a p r e s su re  of 100 M13a and also to inc rease  the strength of 
the mater ia ls .  

C O N C L U S I O N S  

The effect of the hydros ta t i c -p ress ing  p res su re  on some of the physicomechanical  p roper t i es  of c e r a m i c s  
based on A1203 and Sc203 is shown. Mathematical  models  describing the dependences of the strength of the 
A1203 and Sc203 mate r i a l s  on the sintering conditions and the p r e s s u r e s  of the hydrostat ic  press ing have been 
constructed.  

The reg imes  for producing a ce ramic  based on AI203 and Sc203 with improved proper t i es  have been 
optimized. 
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