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1. INTRODUCTION 

It i s we l l known that many of c h e m i c a l reac t ions in s o l i d s ta te are f o l l o w e d 
by cons ide rab le v o l u m e changes . The re la t i on of the s u m of mo la r v o l u m e s 
of reactants in the reac t ion to the s u m of mo la r v o l u m e s of the reac t ion pro-
d u c t s de te rm ines whether the process of new phase f o r m a t i o n by the reac t ion 
causes the shr inkage or the expans ion of the s y s t e m . If t h i s re la t ion is such 
t h a t : 

^ reactants) < C '"^Mi (products) (1) 

the progress of the reac t ion causes the v o l u m e expans ion . In the oppos i te 
case , as we l l as by s i n t e r i n g , the shr inkage occu rs . 

By the s i n t e r i n g of reac t i ve c o m p o s i t i o n s , that is the m i x t u r e of reac tan ts , 
the processes of s i n t e r i n g and s o l i d s ta te reac t ions deve lop con tempora ry . 
The s in te r i ng of m u l t i - c o m p o n e n t s y s t e m s rea l i zed under such cond i t i ons we 
ca l l the " r e a c t i o n s i n t e r i n g " . By t h i s we mean the s i n t e r i n g of reac t i ve c o m -
ponents w h i c h w i l l by the ac t i on of t empera tu re , p ressure and other parameters 
(a tmosphe re , de fec t s , e t c . ) undergo to the mutua l chem ica l reac t ion g i v i n g 
the nev/ compound or the s o l i d s o l u t i o n or the both toge ther . These processes 
are f o l l o w e d w i t h or w i t hou t the f o r m a t i o n of the l i q u i d phase on the s in te r i ng 
t empera tu re . The reac t ion s i n te r i ng in the presence of l i q u i d phase decreases 
the reac t ion tempera tu re . It is the resu l t of the in te rven t ion of the l i q u i d phase 
in wh ich the rate of d i f f u s i o n is 100-1000 t i m e s g rea te r . 

Former i nves t i ga t i ons of these processes were s t r i c t l y d i v i d e d on two 
separate l i n e s : s tud ies of the process of s i n te r i ng and s o l i d s ta te reac t ions , 
a l though at the reac t i ve c o m p o s i t i o n s these two processes are s i m u l t a n e o u s l y 
deve loped and sure ly have the mu tua i e f f e c t s . S o m e years ago appeared the 
papers t r y i n g to connect these two processes in the mos t cases on the qual i -
t a t i v e bas is [ l , ^ w i thou t any q u a n t i t a t i v e anal y s i s , w i t h exepc t i on of the 
m a t h e m a t i c a l model of Suchet [ 3 ] . 

* 
P resen ted at the In te rna t iona l S u m m e r Schoo l on s u b j e c t e l e c t r o n i c s m a t e r i a l s ( H o r c c g - f l O v i 1375) 
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2 . V O L U M E C H A N G E S DURING R E A C T I O N S INTERING 

The total v o l u m e change dur ing reac t ion s i n te r i ng i s g i ven by the s u m : 

A V^ ^ = A V + _ V + ¿IV^ ( 2 ) 
t o t . r s t 

where it i s : ¿IV - v o l u m e change caused by c h e m i c a l reac t ion accord ing 
to re l a t i on (1 ) 

_ .V - v o l u m e change caused by s i n te r i ng 
^ .V - v o l u m e changes caused by p o s s i b l e changes in a l l o t r op ie 

m o d i f i c a t i o n s of reactants or p roducts of the c h e m i c a l 
reac t ion 

The re la t i on and the s i gn of some of t e rms i n the above s u m de te rm ines 
whether by the reac t ion s i n te r i ng v o l u m e changes w i l l happen at a l l . The 
s i g n and quar i t i ty of the to ta l v o l u m e change w i l l de te rm ine the s y s t e m ' s 
behav iour under these c o n d i t i o n s . 

"^or p rac t i ca l app l i ca t i ons the mos t i n te res t ing is the case when it is p o s -
s i b l e to ach ieve the cond i t i ons w i thou t any c o l u m e change ( = 0 ) . 
I t means that the v o l u m e of f i na l product w i l l not d i f f e r f r o m the vo' lume of 
g reen c o m p a c t . In th i s way it is expec ted many p rob lems connected w i t h 
d i m e n s i o n s at the f o r m i n g of green c o m p a c t s to be s o l v e d . 

S u c c e s s f u l y a c h i e v i n g t h i s cond i t i on = 0 requ i res the d e t a i l a d 
knowledge of s o l i d s ta te reac t ion course , as we l l as the m e c h a n i s m of s i n -
t e r i ng process of m u l t i c o m p o n e n t s y s t e m in w h i c h w i t h the proceed ing of 
reac t i on the number of componen ts changes . Natura l l the r i g i d contro l of the 
pa rame te rs of the both processes an the knowledge of phase d i ag ram is 
n e s s e c a r y . 

Abou t the in f luence of the deve lopmen t of c h e m i c a l reac t ion on the s i n te r i ng 
of mu l t i componen t s y s t e m s there are many con t rad ic to ry data in the l i t e r a t u r e . 
By s o m e authors ("4] the f o r m a t i o n of new phase In the s y s t e m r e t a r d the 
s i n t e r i n g p rocess , w h i l e the another authors have the oppos i t e op i n i on [ 5 , 6 ] 

Our own exper ience , based on the expe r imen ta l data of the f o l l o w i n g the 
s y n t h e s i s of z inko r tho t i t ana te by the reac t ion s i n te r i ng of the reac t ion m i x t u r e 
c o n s i s t e d f r o m Ti02 and ZnO ox ide powders in the s t e h i o m e t r i c ra t i o , show 
that the deve lopment of c h e m i c a l reac t ion acce le ra te the s i n te r i ng p rocess 
e s p e c i a l l y in the i n te rmed ia te and f ina l s tages . In t h i s s y s t e m bes ide the 
compound Z n 2 T i 0 4 w i t h the inverse sp ine l s t r uc tu re , there is a p o s s i b i l i t y 
of f o r m a t i o n and the compound ZngT i^Og w i t h the defect sp ine l s t ructure« 
Th is compound causes the expans ion of the s y s t e m at the beg inn ing of the 
reac t ion s i n t e r i n g . It is i n te res t i ng that t h i s uns tab le i n te rmed ia te compound 
was not de tec ted by the h igh tempera ture X - r a y d i f r a c t i o n a n a l y s i s , a l though* 
the v o l u m e changes of the p e l l e t s at the lower tempera tu res and the shorter 
t i m e s of t rea tment po in ted out on h i s p resence . Owing to the defect s t ruc tu io 
and unstab l l i ty of t h i s compound the s in te r i ng p rocess is s i g n i f i c a l l y a c -
ce le ra ted as we l l as the f o r m a t i o n of the on ly t h e r m o d i n a m i c a l l y s tab le 
compound in th is s y s t e m Z n 2 T i 0 4 . 
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A c c o r d i n g to Kovachev [ 6 ] t h i s a c t i v a t i o n of the s i n t e r i n g process can be 
a t t r i bu ted to the impe r f ec t i ons of the c rys ta l l a t t i c e of the compound j u s t 
f o r m e d . 

The e f fec t of the las t t e rm in the r e l a t i o n [ 2 ' ] is a l so ques t ionab le acco rd ing 
to l i t e ra tu re d a t a . The s tud ing of s i m u l t a n e o u s processes of s i n te r i ng and 
phase t rans fo rmat ions on the boemh i te ge l s showed tha t i n t h i s case the 
d e n s i f i c a t i o n and phase t rans fo rmat ion processes are the concurrent o n e . 

In our case , by the reac t ion s i n te r i ng of z i nko r t ho t i t ana te , the process of 
phase t r ans fo rma t i on of TiOg f r om anatase to rut l i e f o rm acce le ra te , the 
bo th p rocesses : the c h e m i c a l reac t ion (due to the H e d v a l l ' s e f fec t of 
r e a c t i v i t y ) and the s i n t e r i n g process ( the pure t r ans fo rma t i on is f o l l o w e d by 
apprec iab le sh r inkage) in the inves t iga ted s y s t e m . 

In the case when the s o l i d s ta te reac t ion and phase t rans fo rma t i on are 
e x o t h e r m i c s p rocesses the heat eva lua ted by the i r deve lopmen t g i ves s i g n i -
f i c a n t con t r i bu t i on to the a c t i v a t i o n of the p rocess of s i n t e r i n g . In the oppos i t e 
c a s e , by the endo the rm ic processes of d e c o m p o s i t i o n the s i n te r i ng w i l l be 
re ta rded . It means that the s ign and the quan t i t y of the heat of c h e m i c a l 
reac t i on or phase t rans fo rma t i on d e t e r m i n e the e f fec t of these p rocesses on 
the s i n t e r i n g . In t h i s way the observed l i t e ra tu re m i sude rs tand ings can be 
e x p l a i ned . 

3 . A P P L I C A T I O N OF THE R E A C T I O N S INTERING 

By the reac t ion s i n t e r i n g two impor tan t p r o c e s s e s : syn thes i s of the c o m -
pound by the s o l i d s ta te reac t ions and s i n t e r i n g occure s i m u l t a n e o S l y . In 
t h i s way there i s a p o s s i b i l i t y of connec t i on of these two p rocesses , w h i c h 
u s s u a l l y are separa te ly pe r fo rmed in the p roduc t ion of e l ec t r i ca l and m a g n e t i c 
c e r a m i c s . It w i l l ce r t a i n l y g i ve s i gn i f i can t sav ings r e s u l t s . 

On the bas is on the phenomena cons idered in t h i s d i s c u s s i o n it is obv ious 
tha t s o m e general c o n c l i s i o n atxjut reac t ion s i n t e r i n g c a n n ' t be d rawn, as 
w e l l as about the f ac to r s a f f e c t i n g th i s p rocess and the proper t ies of f i na l 
p r o d u c t s . Therefore the cons ide ra t i ons of the reac t ion s i n te r i ng p rocess m u s t 
a l w a y s be connected w i t h the de te rm ined s y s t e m of c o m p o n e n t s , h i s s p e c i f i c 
c h a r a c t e r i s t i c s and c o m p l e x ! t y . 
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