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The c e r a m i c s  used in conditions of sha rp  t e m p e r a t u r e  f luctuations and exposure  to the action of c o r r o -  
sive media  must  mee t  s t r ingent  r e q u i r e m e n t s  with r e s p e c t t o  density,  s t rength,  and t h e r m a l - s h o c k r e s i s t a n c e .  

These  p r o p e r t i e s  of c e r a m i c  products  can be improved  by the addition of an organosUicon b inder  to the 
s ta r t ing  ma te r i a l  followed by fo rming  the product  by t h e r m o r e a c t i v e  compact ion .  

The production of h igh - t empe ra tu r e  organosi l icon-bonded c e r a m i c  composi t ions  is  based on a chemica l  
r eac t ion  which is  influenced by the conditions of compact ion and f i r ing.  The l i t e ra tu re  contains only l imited 
in format ion  abou~ organos i l icon  binding m a t e r i a l s  [1-3]. * Organosi l icon p o l y m e r s  a r e  used in combinat ion 
with a lumina for  the production of c e r a m i c s  with a s table s t ruc tu re  and good mechanica l ,  e l ec t r i ca l ,  e tc .  
p r o p e r t i e s  [4, p. 243]. The po lymer  is  added by mixing it mechanica l ly  with the r e f r a c t o r y  f i l l e r .  The mix  
is  subjected to a p r e l im ina ry  heat t r e a t m e n t  at 800-900~ without a load. 

The presen t  au thors  invest igated the t h e r m o r e a c t i v e  compact ion of A1203 with an added organosi l icon 
binder  over  a broad  range  of t e m p e r a t u r e s  and p r e s s u r e s .  The r e f r a c t o r y  f i l le r  was  corundum produced by 
f i r ing c o m m e r c i a t  a lumina (GOST 6912 --  74) of g r a i n - s i z e  f rac t ion  f iner  than 60 p containing 99% A1203 at 
1400~ The binder  was an organosi l icon po lymer ,  v iz . ,  polymethyls i loxane (PMS), with the genera l  fo rmula  
t~(SiO1 5)p, where  R is CH 3 and R/Si  is 1 .0-1.6 .  

The choice fell  on PMS because  of i ts  high heat r e s i s t a n c e ,  which is due to the fo rmat ion  of oxygen bonds 
between the si loxane chains  of the molecu les  and the complex  po lymer ic  s t ruc tu re  of the si l ica (SiO)p. At a 
high t e m p e r a t u r e ,  chemica l  c en t e r s  f o r m  around the Si a toms  which can r eac t  with the act ive  cen te r s  of the 
r e f r a c t o r y  f i l l e r .  13esides, PMS contains l ess  carbon than other organosi l ieon po lymer s  so that  the poros i ty  
and carbonizat ion of the product  during the heat t r ea tmen t  a r e  minimized;  the comple te  oxidation of PMS 
g ives  s i l i ca .  

Composi t ions  were  p repa red  of corundum with 10, 15, 20, 30, and 40% PMS af te r  which spec imens  
measu r ing  40 x 40 x 5 m m  were  fo rmed f r o m  them at p r e s s u r e s  of 300-600 k g f / c m  2 in a steel  mold heated 
with Nichrome hea t e r s  (Fig. 1). The heating t ime  to the compact ion t e m p e r a t u r e  (150-250~ on the e x p e r i -  
mental  appara tus  was 30 min and the holding t ime  15 min in all  c a s e s .  

The var ia t ion  of the bending s t rength  of the spec imens  with the compact ion  t e m p e r a t u r e  is shown in Fig .  
2. The m a x i m u m  bending s t rength  can be seen to shift into the region of lower compact ion  t e m p e r a t u r e s  with 
an inc rease  in the PMS content .  An inc rea se  in the compact ion p r e s s u r e  f r o m  300 to 600 kg f / cm 2 r e su l t s  in a 
lower bending s t rength  r e g a r d l e s s  of the PMS content of the spec imen  (Fig. 3) so that  subsequently the spec i -  
mens  were  compacted  at  a p r e s s u r e  of 300 kg f / cm 2 in o rde r  to br ing  to light the bes t  indices .  An invest igat ion 
of the var ia t ion  of the open poros i ty  and co ld -c rush ing  s t rength  of the spec imens  vs the i r  composi t ion and the 
compact ion  t e m p e r a t u r e  (Figs.  4 and 5) showed that  the open poros i ty  was lowest (0.8%) and the co ld-c rush ing  
s t rength  highest  (1070 k g f / c m  2) for  the spec imens  with 20% PMS compacted at 190~ 

�9 E.  D. Lebedeva,  WDevelopment and invest igat ion of the p r o p e r t i e s  of p o l y m e r i c - c e r a m i c  m a t e r i a l s ,  ~ Au-  
t h o r ' s  Abs t r ac t  of Candida te ' s  D i s se r t a t i on ,  Moscow (1973). 

All-Union Insti tute of l~ef rac tor ies .  D.  I .  Mendeleev Insti tute of Chemical  Technology,  Moscow. T r a n s -  
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Fig. 1. Apparatus for  the thermoreact ive compaction: 1, 
7) Chrome[--A[ume[ thermocoupies; 2) top ram; 3) die; 
4) specimen; 5) electronic potentiometer; 6) bottom ram.  

Fig. 2. Bending strength ab of the specimens vs the com- 
paction temperature  t .  The specimens contained 10% (1), 
15% (2), 20% (3), 30% (4), and 40% (5) PMS. The compac- 
tion pressure  was 300 kgf/cm 2. 
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Fig. 3 Fig. 4 
Fig. 3. Bending strength a b of the specimens 
vs the compaction pressure  p. The specimens 
contained 10 and 15% (1), 20% (2), 30% (3), and 
40% (4) PMS. The compaction temperature  was 
190~ 

Fig. 4. PMS content as a factor in the open 
porosity P and cold-crushing strength acr  of the 
specimens. The compaction temperature was 
190~ and the pressure 300 kgf/cm 2. 

A deviation of the compaction temperature  f rom the optimum resulted in an increase in the porosity of 
the specimen. It follows that the PMS content of the mix determines the compaction temperature (see Fig. 2) 
which will give specimens of optimal strength and density. 

Moreover,  the compaction temperature and pressure  also influence the rate and degree of the setting of 
the polymer.  A higher temperature results in a more rapid formation of a dense and f i rm structure but a 
temperature  above the optimum weakens the s tructure.  An increase in the compaction pressure increases the 
residual mic ros t resses  in the specimen and the rate of the decomposition of the organic component at the 
compaction temperature owing to the catalytic effect of the compaction pressure on the degradation processes,  
the natural consequence being a decrease in the strength of the specimen. For example, specimens with 20% 
PMS compacted at a pressure of 500 kgf/cm 2 were found to contair~ overpressure  cracks oriented perpendi- 
cularly to the direction of the compaction pressure which subsequently caused the destruction of the specimens 
in the firing process.  

The high strength and low open porosity of specimens produced in optimal compaction conditions enables 
them to be used without further heat t reatment .  
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Fig.  5 Fig. 6 
Fig. 5. Compaction temperature t as a factor in the 
cold-crushing strength aer and open porosity P of 
specimens with 20% PMS. The compaction p ressu re  
was 300 kgf /em 2. 

Fig.  6. I1R spect ra  of PMS heated at 3.3 deg C/min  to 
200~ (1), 500~ (2), 600~ (3), 700~ (4), and 900~ 
(5). 

The p roces se s  developing during the heat t rea tment  of compacted specimens of the AIzO 3 -- PMS com-  
positions were investigated f rom thei r  I1R absorption spectra  and the resul ts  of d i f ferent ia l - thermal  and x - r a y  
phase ana lyses .  Heating produces  s t ructural  changes in PMS, i . e . ,  the methyl groups break  away f rom the 
silicon atom as demonstrated by the decrease  in the intensity of the absorption band at 1270 cm -I which c h a r -  
ac t e r i zes  the valence fluctuation of the S i - -CH 3 bonds (Fig. 6). The resul t s  of an ultimate analysis  showed 
that the rate at which the methyl groups b reak  away and are  des t royed is highest up to 600"C (Table 1). 

A compar i son  of the resu l t s  of a d i f ferent ia l - thermal  analysis  of the composit ions and the PMS (Fig. 7) 
showed that in the presence  of corundum the onset of the thermooxidat ive degradation of PMS (355-440~ is 
shifted by 80-100~ towards  higher t empera tu re s .  At 5000C the I1R spectrum contains absorption bands at 550- 
700 cm -1, which a re  connected with the deformational  vibrat ion of the S i -  O bonds and the intensity of which 
increases  with the compaction t empera tu re  (see Fig.  6). The end product of the thermooxidative degradation 
of I~MS cons is t s  predominantly of cr is tobal i te .  

The x - r a y  phase analyses  showed that at 1300"C the A120 z in teracts  with the cr is tobal i te  until mullite is 
fo rmed.  A specimen fired at 1500~ consis ts  of ~-A1203 and small  amounts of T-AI203, mullite,  cr is tobal i te ,  

TABLE 1. 
merit Tempera tu re  

Proportion,r of element vs heat-treatment temperature, ~ . 

~ } I I I ,~0 200  300  4 0 0  6 0 0  700  8 0 0  9 0 0  I 0 0 0  1 i 0 0  

, 40, ,0, 09, , 01,0,1 ,re  H 5,68 5,33 4,09 2,49 2,17 1,34 0,87 0,72 -- 

TAB LE 2. Some Proper t i e s  of the Specimens vs the  Fi r ing Tempera -  
tu re  

Carbon and Hydrogen Content of PMS vs the Heat T rea t -  

Properties 

Open porosity, ~o .... 
Linear shrinkage, % .... . . 
Cold-crashing strength ocr" 10 "~, 

kgf/cm z �9 . . 

Indices of prol~rties of specimens fired attemp., ~ 
of 

700 1,100 1 200 1,300 L 1,00 i l 00 t,000 liT00 

6--8 12--14 12--14 lO--1I 10--11 4--6 I 2--4 2 
0,6 0,6 0,6 1,O 1,2 1,6 1,7 ] 2,0 

]10--13 13--14113--14113--18]15--20[17--20125--40135--50 
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Fig .  7. Resul ts  of a d i f f e r en t i a l - t he rma l  
ana lys i s  of PMS (a) and of a spec imen  con-  
taining 20% I~MS 00). The t e m p e r a t u r e ,  ~ 
is stated against  the c u r v e s .  

Fig .  8. PMS content as  a fac tor  in the ben-  
ding s t rength  o10 of spec imens  hea t - t r ea t ed  at 
190~ (1}, 1400~ (2), and 1700~ (3). 

and g lass  phase .  The propor t ion of mu[l i te ,  c r i s toba l i t e ,  and g lass  phase i n c r e a s e s  with the PMS content .  

The total  content of SiO 2 is  lower in a hea t - t r ea t ed  than in an unfired spec imen .  Fo r  example ,  a spec i -  
men with 20% PMS contains 18% SiO~ before  f i r ing  and 17% af te r  f i r ing .  The d e c r e a s e  in the SiO 2 content is 
evidently a t t r ibutable  to the volat i l izat ion of SiOl_ x dur ing the rup ture  of the $2 - -  O --  Si bonds.  This a s s u m p -  
tion is  supported by the r e s u l t s  of the u l t imate  ana lys i s .  

Some of the p rope r t i e s  of spec imens  with 20% PMS hea t - t r ea ted  at  va r ious  t e m p e r a t u r e s  a r e  given in 
Table 2 and Fig.  8. 

The t h e r m a l - s h o c k  r e s i s t a n c e  was  de te rmined  by heating spec imens  measu r ing  40 x 5 • 5 m m  and con-  
raining 20% I ~ S  to  1300~ followed by cooling in running wa te r .  The t h e r m a l - s h o c k  r e s i s t a n c e  was 64 r e v e r -  
sa ls  for  spec imens  f i red at 1400~ and t 4 -20  r e v e r s a l s  for  spec imens  f i r ed  at 1700~ 

B r i c k s  m e a s u r i n g  200 x 105 • 25 m m  were  produced by the above technology f r o m  a composi t ion con-  
taining 20% PMS. The b r i c k s  were  fo rmed  at a p r e s s u r e  of 300 k g f / c m  2 and a t e m p e r a t u r e  of 190~ with a 
holding t ime  of 30 min and then f i red for  8 h at 1700~ The l inear  shr inkage of the finished b r i cks  was 1.8% 
and the t h e r m a l - s h o c k  r e s i s t a n c e  six to eight r e v e r s a l s .  

C O N C L U S I O N S  

An invest igat ion was ca r r i ed  out of the t h e r m o r e a c t i v e  compact ion  of a composi t ion of a lumina with poly-  
methyls i loxane ,  the technological  p a r a m e t e r s  being var ied .  Befo re  a heat t r e a t m e n t  the open porosi ty  of spec -  
imens  containing 20% PMS is 0.8%, the bending s t rength  260 kg f / cm 2, and the co ld-c rush ing  s t rength  1070 
kg f / em 2. 

F i r ing  at 1700~ gave a h igh-a lumina  composi t ion  c e r a m i c  with an open poros i ty  of 2%, a bending 
s t rength  of 1000 kg f / cm ~, a co ld -c rush ing  s t rength up to 5000 kgf / cm 2, and a t h e r m a l - s h o c k  r e s i s t a n c e  of 14- 
20 r e v e r s a l s  f r o m  1300~ into wa te r  (in t e s t s  with spec imens) .  
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