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The principles of the Samsonov's electronic theory 
of sintering * 

The s i e n t i s t s engaged in s o l v i n g problenns of s i n t e r i n g have o c c u p i e d t h e -
m s e l v e s w i th work on mode ls for a long t i m e . However , r e c e n t l y , In the 
sc i ence of s in te r ing appeared s o m e i n c l i n a t i o n , w h i c h has b e c o m e stronger 
and s t ronger , to cons ide r , the s i n te r i ng p roces , as much as p o s s i b l e , as a 
u n i f o r m c o m p l e x process in w h i c h a ser ies of e lementa ry p rocesses are a c t i n g , 
or at leas t tc e s t a b l i s h the s tages where one e lementa ry p rocess i s of dominan t 
i n f l u e n c e . Thus D . L . Johnson [ 1 ] has t heo re t i ca l l y s tud ied the p rob lem of 
ro les of par t i cu la r e lementa ry m e c h a n i s m s in the i n i t i a l and i n t e r m e d i a t e 
s tages of s i r t e r l n g . The t heo re t i ca l l y ob ta ined resu l t s showed a very good 
agreement w th the exper iment when s in te r i ng of spher ica l p a r t i c l e s of the 
s a m e s i z e s was concerned . 

S t a t i s t i c a l m o d e l s of the i n te rmed ia te and f i na l s tages of s i n t e r i n g of powder 
c o m p a c t s are exp lo red 1^2] . If Z e n e r ' s re la t ions i s accepted as g ra in growth 
equat ion thar severa l impor tan t re la t ions be tween p o r o s i t y , average pore 
rad ius , average g ra in s i ze and to ta l pore area per un i t v o l u m e can be d e r i v e d . 

Qu i t e a number of researchers have t r ied to app ly the theor ies of G . K u c z i n k s y 
and B . P i n e s to s i n t e r i n g of real s y s t e m s . However , here eve ry th i ng c a m e to 
the f o r m a l es tab l i shment of the t i m e exponent in a l ready c l a s s i c phenomenology 
equa t ion o f s n t e r i n g . In sp i t e of eve ry th ing , t h i s equat ion has m u c h been 
used i l l l i te ra ture today , a l though the purposes of i t s a p p l i c a t i o n are s o m e t i m e s 
not even qu i ta c l e a r . 

Contemporary s i n te r i ng theor ies are o f ten an e x a m p l e of the theory of 
m a t h e m a t i c a f o r m a l i z a t i o n wh i ch s o m e t i m e s p resses out the p h y s i c a l s e n s e : 
the t h e o r i e s have begun to be d i s t i n g u i s h e d not by in ternal con ten ts and 
ideas , but b^ the names of authors and the i r co l l abo ra to r s . However , bear ing 
in m i n d eve r - t h i ng that has been done in t h i s f i e l d , i t i s ce r t a i n tha t the m o s t 
gneral no t i o r s of the s in te r ing theory m i g h t be deve loped on the e lec t ron i c 
l e v e l , as nriaes t rans fe r , i n essense , depends on the s o l i d - b o d y e l e c t r o n - i c 
s t r u c t u r e . Never the less, the i nsu f f i c i en t wo rk ing out of pa r t i cu la r p r o b l e m s 
of s i n t e r i n g ct the e lec t ron i c level In de ta i l is caused , f i r s t of a l l , by the 

* P r e s e n t e d a t 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 e r c e g - N o v i 1975) 
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l ack of unequivocal no t ions of the e lec t ron ic s t ruc tu re of m a t e r i a l s in the 
condensed s t a t e . 

Here i t is of spec ia l impor tance to under l in t that by the cons ide ra t i on of 
the p ress ing process on the e lec t ron i c level i t can be shown that the p rocesses 
of p ress ing and s i n t e r i n g are In essence inseparab le and that they are s tages 
of one and the s a m e process of ob jec t f o r m a t i o n f r o m powder . 

Fo rma t i on of defect con f igu ra t ions (on the boundary of c r y s t a l l i t e s ) and 
the o rgan iza t ion of bonds between the con tac t i ng a t o m s on sur faces m a k e 
p o s s i b l e e lec t ron i c exchange between such a t o m s ; w h i l e the con tac t a rea 
shou ld be cons idered as an energet ic barr ier w h i c h prevents the tunnel 
penet ra t ion of a toms into the ne ighbo i r i ng c r y s t a l l i t e . The t ransparency of the 
barr ier ( D ) , accord ing to the quantum theory , i s de f ined by equa t i on : 

D = e x p ( - ^ - f ^ ) ^ ( U - E ) ^ d x 

where : m - m a s s of e l ec t r ons , 
h - P l a n c k ' s cons tan t , 
U - he igh t of ba r r ie r , 
E - energy of a p a r t i c l e , 
a and b - coord ina tes of the beg inn ing and the end of the barr ier 

F rom th i s i t f o l l o w s that the i n t e n s i f i c a t i o n of the e lec t ron i c exchange may 
be rea l i zed in tree w a y s : 
- by reduc ing the w i d t h of barr ier b - a , 
- by inc reas ing the energy of t unne l i ng e l ec t r ons , 
- by reduc ing the height of barr ier U . 

The f i r s t way i s adequate for the approach of c r y s t a l l i t e s by inc rease i n 
pressure dur ing p r e s s i n g . The second way is rea l i zed by de fo rma t i ons of e l e c -
t ron ic o rb i t a l s (by e x c i t i n g a t o m con f igu ra t i ons w h i c h are loca ted on the su r -
f a c e ) . The barr ier he ight depends on the degree of s t a b i l i t y the con f i gu ra t i ons 
wh i ch are f o r m i n g the c r y s t a l l i t e and i t increases pa ra l l e l w i t h the con f i gu ra t i on 
s t a b i l i t y . I t i s the h igh s t a b i l i t y of s=<py - con f igu ra t i ons that accounts for the 
low p ressab i l i t y of boron and graph i te powders . On the con t ra ry , pass i ng to 
A e , B i and S u , when a decrease in the s t a b i l i t y of the i r con f i gu ra t i ons i n 
concerned, the p r e s s a b i l i t y is inc reas ing i n t e n s e l y . 

One can suppose that the s t a t i s t i c a l we igh t of the s tab le con f i gu ra t i ons in 
a t o m s l o c a t e d on p a r t i c l e sur faces is a lways cons iderab ly lower than that in 
a t o m s in ma te r ia l v o l u m e s , and at that p o s i t i o n the we igh t is lower if the 
m a t e r i a l i s more de fo rmed and i t s sur face more de fec ted . W h i l e two p a r t i c l e s 
s o m e in to contac t due to therma l e x c i t e m e n t , the process of e l ec t r on i c 
exchange takes p l a c e . Th is is d i rec ted to the recovery of de fec t con f i gu ra t i ons 
as we l l as to the f o r m a t i o n of new s tab le ones on the border be tween the 
p a r t i c l e s . 

A n increase i n tempera tu re is needed for the real progress in the s i n t e r i n g 
p r o c e s s , wh i ch he lps to derangle s tab le a tom con f igu ra t ions as we l l as v o l u m e 
m a s s t rans fe r . 
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Such an approach ce r ta in l y con t r ibu tes to the un i f o rm v iew of the s i n te r i ng 
p rocess , a l t h o u g h , due to the reasons g i v e n , i t s t i l l does not of fer s u f f i c i e n t 
p o s i b i l i t i e s for an abso lu te quan t i t a t i ve d e s c r i p t i o n of the process 

Perhaps the t r a n s i t i o n f r o m the a t o m i c theor ies to the e lec t ron i c theory of 
s i n t e r i n g shou ld be e x a m i n e d for a un i f o rm q u a n t i t a t i v e desc r i p t i on of the 
fundamenta l phenomena in d i f f u s i o n and c reep . One of the p o s s i b i l i t i e s in the 
use of a c t i v a t i o n v o l u m e s , espec ia l l y because i t a l l o w s , i n a d e f i n i t e w a y , 
s i m u l t a n e o u s cons ide ra t i ons of the p rob lem concenrn ing both the s t ress and 
the t r ans fe r . 

In any c a s e , the sc i ence of s i n te r i ng , o b v i o u s l y , can expect fur ther de -
ve lopmen t not on l y in a c c u m u l a t i o n of expe r imen ta l da ta bu t , above a l l , 
in a s t ronger connec t ion w i t h s o l i d - s t a t e phys i c and c h e m i s t r y , wh i ch at 
the s a m e t i m e may be an insp i rer for these two vranches of s c i e n c e . 
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