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Two periods are found in the pioneer years of electrons probe microanalysis (EPMA) in Slovenia: 
• a longer period up to 1969 when an electron probe microanalyser was put in operation in the Institute of Metallurgy in 

Ljubljana, and 
• a shorter period after this date until the spreading of EPMA backed by sufficent research achievents demonstrating it wide 

field of use and the sufficient mastering of methodology. 
The use of EPMA up to 1969 was of marginal extent but not of marginal scientific merit and centred to topics of selective 
oxydation of alloys of iron vvith arsenic, copper, tin and antimony. The interest for EPMA and the conviction that it vvill greatly 
improve the quality of the actual research as vvell as open nevv topics helped significantly vvere great. Prof. D, Kolar and his 
collaborators vvere among the best prepared and also among the must successfull. With the cooperation of some younger 
scientists he accomplished several projects vvhich found significant interest in the international research community and vvere 
realised thanks to the fast governing of EPMA methodology. Let us quote only some achievements published up to some years 
after the putting in operation of EPMA in 1969: 
• binary phase equilibria diagrams vvere established for niobium, titanium and circonium carbides vvith iron, nickel, chromium 

and cobalt; 
• binary phase equilibria diagrams vvere established for uranium sulphide and sulphides of calcium, barium and strontium; 
• several projects vvere accomplished vvith the aim to understand better the microstructure of ferrite ceramics, its sintering 

process and the effect of microstructure and sintering on magnetic and electrical properties. 
In binary phase equilibria diagrams solid solubilities and eutectic compositions vvere determined. Also because of the contribution 
of prof. D. Kolar the pioneer period od EPMA in Slovenia vvas short and successful and helped to strengthen it as one of the base 
scientific facility for research of solid materials on microstructure level. 
Key vvords: electron probe microanalysis, selective oxydation, binary phase diagrams Fe - NbC, TiC, ZrC, activated sintering of 
Ba titanate, binary phase diagrams US and CaS, SrS and BaS 

Pionirsko obdobje elektronske mikroanalize (EMA) delimo na dva dela: 
• daljše obdobje do postavitve elektronskega mikroanalizatorja na tedanjem Metalurškem inštitutu v Ljubljani leta 1969 in 
• krajše obdobje po zagonu naprave in začetku njene široke uporabnosti kot dokaz zadostnega obvladovanja metodologije dela. 
Uporaba elektronske mikroanalize je bila do začetka leta 1969 v Sloveniji po obsegu marginalna, vendar ne marginalna po 
vsebini. Raziskave so od leta 1962 posegale na področje selektivne oksidacije predvsem zlitin železa z elementi z majhno 
afiniteto do kisika, na pr. arzen, antimon, kositer in baker. Zanimanje za EMA in pričakovanje, da bo omogočila kvaliteten skok 
v raziskovalnih projektih je bilo veliko, okolje pa pripravljeno na intenzivno uporabo nove metodike. Prof. D. Kolar je bil s 
sodelavci pri tem gotovo nadpovprečno uspešen. Bil je snovalec in izvajalec vrste raziskav, ki so prinesle temeljne novosti na 
nekaj področjih raziskovanja. Omenjene bodo le tri, ker so bili izsledki objavljeni najkasneje nekaj let po postavitvi naprave tudi 
zaradi zelo hitrega osvajanja metodologije dela, še posebej kvantitativne analize: 
• določeni so bili binarni ravnotežni fazni sistemi niobijevega, titanovega in cirkonijevega karbida s prehodnimi kovinami 

železo, krom, nikelj in kobalt; 
• določeni so bili binarni ravnotežni fazni diagrami uranovega sulfida s kalcijevim, stroncijevim in barijevim sulfidom; 
• izvršena je bila vrsta raziskav s ciljem, da se bolje razpozna mikrostruktura feritne keramike, proces njenega sintranja in 

vpliv sestavin in procesa sintranja na magnetne in električne lastnosti, 
V binarnih faznih sistemih je bila določena topnost v trdnih fazah ter temperature in sestava evtektikov. Tudi zaradi velikega 
prispevka prof. D. Kolarja in sodelavcev je bilo pionirsko obdobje EMA kratko in uspešno ter je metodo utrdilo kot eno od 
temeljnih pri raziskovanju vseh vrst trdne snovi na nivoju mikrostrukture. 
Ključne besede: elektronska mikroanaliza, selektivna oksidacija železa, binarni fazni diagrami železa NbC, TiC in ZrC, 
aktivirano sintranje Ba titanata, fazni diagrami US in CaS, SrS in BaS 

1 INTRODUCTION 

T h i s p a p e r v v a s p r e p a r e d i n t h e f r a m e o f t h e c e l e b r a -

t i o n o f t h e 6 5 t h j u b i l e e o f p r o f . d r . D r a g o K o l a r , e m i n e n t 

s c i e n t i s t s a t t h e I n s t i t u t e J . Š t e f a n a n d t e a c h e r o f c e r a m i c 

m a t e r i a l s a t t h e U n i v e r s i t y o f L j u b l j a n a . I h a d t h e o p p o r -

t u n i t y t o m e e t p r o f . K o l a r i n m a j o r e x t e n t a f t e r a p r i l 

1 9 6 9 , v v h e n t h e s e c o n d e l e c t r o n p r o b e m i c r o a n a l y s e r 

( E P M A ) i n t h e f o r m e r J u g o s l a v i a v v a s p u t i n o p e r a t i o n i n 

t h e f o r m e r I n s t i t u t e o f M e t a l l u r g y i n L j u b l j a n a . T h e 

E P M A v v a s p u r c h a s e d b y c o m b i n i n g f u n d i n g f r o m t h e 

I n s t i t u t e o f v a c u u m t e c h n i q u e a n d e l e c t r o n i c s , I n s t i t u t e 

o f a u t o m a t i o n , I n s t i t u t e f o r r e s e a r c h o f m a t e r i a l s a n d 

s t r u c t u r e s , I n s t i t u t e o f m e t a l l u r g y , M e t a l l u r g y d p t o f t h e 

U n i v e r s i t y o f L j u b l j a n a , S l o v e n i a n S t e e l v v o r k s , a n d t h e 

S l o v e n i a n g o v e r n e m e n t . T h e p r o j e c t v v a s c o o r d i n a t e d b y 

t h e I n s t i t u t e o f m e t a l l u r g y a n d t h e E P M A i n s t a l l e d i n h i s 

p r e m i s e s . 



2 EPMA IN T H E W O R K A SLOVENIAN 
R E S E A R C H E R S UP TO 1969 

F r o m d i s p o n i b l e d a t a i t s e e m s t h a t E P M A v v a s f i r s t 

u s e d i n t h e v v o r k o f a s l o v e n i a n s c i e n t i s t i n 1 9 6 2 i n t h e 

i n v e s t i g a t i o n o f t h e s e l e c t i v e s u r f a c e o x y d a t i o n o f t h e a l -

l o y F e - 0 . 0 7 5 % A s 1 - 2 . A r s e n i c f r e e e n e r g y o f o x y d a t i o n 

i s s m a l l e r t h a n t h a t o f i r o n . C o n s e q u e n t l y , b y s u r f a c e 

o x y d a t i o n o n l y i r o n r e a c t s v v i t h o x y g e n , v v h i l e a r s e n i c i s 

s e g r e g a t e d i n t h e m e t a l l a y e r i n c o n t a c t v v i t h t h e o x y d e . 

B y E P M A t h e d i s t r i b u t i o n o f a r s e n i c i n t h e s e g r e g a t e d 

l a y e r o b t a i n e d b y e l e c t r o l y t i c d i s s o l u t i o n o f | 4 m l a y e r s o f 

m e t a l a n d m i c r o r a d i o c h e m i c a l a n a l y s i s v v a s v e r i f i e d . T h e 

d i s t r i b u t i o n v v a s d i f f e r e n t a f t e r s u r f a c e o x y d a t i o n a b o v e 

a n d b e l o v v A C 3 b e c a u s e o f t h e l i m i t e d s o l u b i l i t y o f a r s e -

n i c i n y p h a s e (figure 1). T h e r e s u l t s o b t a i n e d b y b o t h 

m e t h o d s d i d a g r e e v e r y g o o d . I n t h e s a m e r e f e r e n c e 

E P M A v v a s u s e d a l s o t o d e t e r m i n e t h e c o m p o s i t i o n o f 

t h e e u t e c t i c F e O - 3 F e 0 P 2 0 5 o b t a i n e d a t s u r f a c e o x y d a -

t i o n o f a n F e - 0 . 0 9 2 % P a l l o y . 

I n t h e f o l l o v v i n g č a s e E P M A v v a s u s e d a l s o i n t h e i n -

v e s t i g a t i o n o f t h e s e l e c t i v e o x y d a t i o n o f i r o n . I n i r o n a l -

l o y s v v i t h c o p p e r , a r s e n i c , t i n , a n d a n t i m o n y b y E P M A 

p o i n t , l i n e a n d s c a n n i n g a n a l y s e s t h e s e q u e n c e o f f o r m a -

t i o n o f s o l i d a n d l i q u i d p h a s e s i n b i n a r y , t e r n a r y a n d q u a -

t e r n a r y e q u i l i b r i a v v a s e s t a b l i s h e d a s c o n s e q u e n c e o f s e -

l e c t i v e o x y d a t i o n , f . i . : 

Y Yi + Y i + « i + ' P i 

y Yi + l p 2 Yt + « i + I P 2 Yi + a i + ' P i + ! P a 

v v i t h a , y a s s o l i d a n d l p i , l p 2 a s l i q u i d p h a s e s . 

Figure 2: Optical, back scattered electrons and X rays scanning 
pictures of different elements in the segregated layer after air surface 
oxydation of an iron alloy at I200°C. Ref.3 and 4 
Slika 2: Optični, elektronski in specifični X posnetki za različne 
elemente v segregirani plasti na železovi zlitini po oksidaciji na zraku 
pri 1200°C. Ref. 3 in 4 

F o r E P M A m e t h o d o l o g y i t i s o f s p e c i a l i m p o r t a n c e 

t h e f a c t t h a t t h e d i s t r i b u t i o n o f s e g r e g a t e d e l e m e n t s v v a s 

d e m o n s t r a t e d a l s o b y s c a n n i n g e l e m e n t a l p i c t u r e s ( f i g -

u r e 2 ) . N o u s e o f E P M A v v a s f o u n d i n p r i n t e d v v o r k s o f 

S l o v e n i a n s c i e n t i s t s u p t o t h e s t a r t o f t h e f a c i l i t y p u t i n 

o p e r a t i o n i n 1 9 6 9 . 

Figu re 1: Distribution of arsenic in the segregated layer of an 
Fe-0.075% As alloy after surface oxydation at 800 and 1000°C 
determined by electron probe microanalysis (EMA). Ref, 1 and 2 
Slika 1: Porazdelitev arzena v segregirani plasti zlitine Fe-0.075% As 
po oksidaciji pri 800 in 1000°C določena z elektronsko mikroanalizo 
(EMA). Po virih 1 in 2 

3 SOME DATA ON THE OPERATION OF EPMA 
FROM 1969 TO 1974 

E P M A v v a s r e a d y f o r q u a l i t a t i v e a n d s e m i q u a n t i t a t i v e 

v v o r k i n a p r i l 1 9 6 9 . I n table 1 s t a t i s t i c s o n t h e v v o r k u p t o 

m
 : 
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Figure 3: Optical, back scattered electrons and X rays scanning 
pictures of different elements. Spherical nonmetallic inclusion in steel. 
Ref. 9 
Slika 3: Optični, elektronski in specifični X posnetki za različne 
elemente. Kroglasti nekovinski vključek v jeklu. Po viru 9 



1 9 7 4 a r e s h o w n . A l l r e a d y i n t h e f i r s t y e a r t h e w o r k p e r -

f o r m e d f o r u s e r s o u t s i d e o f t h e I n s t i t u t e o f m e t a l l u r g y 

r e a c h e d a l e v e l v v h i c h d i d n o t c h a n g e s i g n i f i c a n t l y u p t o 

1 9 7 4 . T h i s l e v e l s h o v v s t h a t E P M A w a s r e a l l y n e e d e d 

a n d a l s o s a t i s f a c t o r i l y e x p l o i t e d . M e t h o d s f o r q u a l i t a t i v e 

a n d q u a n t i t a t i v e i n v e s t i g a t i o n s f o r b a s i c , a p p l i e d , a n d d e -

v e l o p m e n t r e s e a r c h a s v v e l l a s r o u t i n e a n a l y s i s f o r d i f f e r -

e n t i n s t i t u t i o n s a n d i n d u s t r i a l c o m p a n i e s f r o m g e o l o g y , 

m i n e r a l o g y , m e t a l l u r g y , c e r a m i c , b u i l d i n g m a t e r i a l s , 

e l e c t r o n i c s , a n d e v e n f o r e n s i c c a s e s v v e r e d e v e l o p e d 

f a s t l y . T h e r e a d e r c a n h a v e a n i d e a o n t h e l e v e l o f q u a l i t y 

a n d a c c u r a c y f r o m t h e s c a n n i n g p i c t u r e i n f igure 3 a s 

v v e l l a s t h e c o m p o s i t i o n o f c a r b i d e s a n d n o n m e t a l l i c i n -

c l u s i o n s i n table 2. 

n e t i c s t o l e s s t h a n h a l f o f t h e s o f a r p r e s c r i b e d l e n g t h 1 0 . I t 

v v a s e s t a b l i s h e d a l s o t h a t a f t e r h o m o g e n i s a t i o n a v i r t u a l l y 

i d e a l l y h o m o g e n e u s d i s t r i b u t i o n v v a s o b t a i n e d i n s o m e 

c a s e s , v v h i l e i n č a s e o f m u t u a l i n t e r a c t i v i t y a l s o a f t e r 

l o n g t i r n e h o m o g e n i s a t i o n t h e a v e r a g e s e g r e g a t i o n v v a s 

a p p r o a c h i n g a l e v e l s i g n i f i c a n t l y f a r f r o m h o m o g e n e i t y . 

4 E P M A IN T H E R E S E A R C H O F D. K O L A R 

D . K o l a r a n d h i s r e s e a r c h c o l l a b o r a t o r s v v e r e f r e q u e n t 

c l i e n t s o f t h e E P M A l a b o r a t o r y d u r i n g t h e f i r s t y e a r v v i t h 

d i f f e r e n t t o p i c s f r o m c e r a m i c m a g n e t s , h a r d m e t a l s a n d 

p h a s e e q u i l i b r i a d i a g r a m s . S e v e r a l p a p e r s b a s e d s i g n i f i -

Table 1: Clients for EPMA work 

Year Academic 
institutions 

Companies Payed 
working 

hours 

Articles1 

1 9 6 9 1 0 1 4 1 2 7 6 

1 9 7 0 1 2 1 7 1 3 3 0 6 

1 9 7 1 1 2 1 0 1 3 3 5 8 

1 9 7 2 1 2 1 1 1 3 3 0 5 

1 9 7 3 1 0 1 1 1 3 0 1 2 

1 9 7 4 1 1 1 7 1 2 4 1 1 0 

In the year 1969 to 1974 54 different institutions and companies com-
mitted once or several times EPMA vvork, 29 ind. companies commit-
ted the investigation from 1 to 18 different specimens yearly. 
' - Authors from the EPMA laboratory 

Table 2: Composition of nonmetallic inclusions and carbides 
F. Vodopivec und B. Ralic: Radex Rundschau (1975) 1, 289-294 

I n c l u s i o n 1 M n O F e O C a O V s o t a 

u t . % 

1 2 8 . 0 8 . 3 - 6 3 - 9 9 . 3 

2 1 6 . 4 2 . 3 3 7 . 8 7 . 5 3 6 . 0 1 0 0 

3 5 5 . 5 6 . 3 3 1 . 1 5 . 9 - 9 9 . 8 

4 5 0 . 3 6 . 3 3 2 . 4 9 . 7 - 9 8 . 6 

5 2 1 . 4 4 . 6 3 0 . 4 2 . 4 4 1 9 9 . 8 

C a r b i d e 2 W V F e C r M o C 

M 6 C 2 5 6 . 0 3 . 1 2 8 . 6 4 . 7 5 2 . 2 5 1 . 9 3 

( W i . 6 F e 3 . 3 V o . 3 6 C r o . 5 6 C i ) 

M C 1 4 . 2 5 7 . 2 3 . 3 7 . 6 5 1 . 6 1 6 . 9 5 

(Vp.91 Wo.()6Feo.()5Cr(). 11 Mop.o i C i) 

Correction calculation after Bence-Albee 1 6 8 
' Correction calculation after Philibert and Reed 

v A / V \ j \/ v ' 

/ v V " \ 
i ir, 

V M 

f \ H / N ^ 

650 °C. !h 

Ilhš5 

Ca J 

I n c o m b i n a t i o n v v i t h o p t i c a l m i c r o s c o p y i t v v a s p o s s i -

b l e t o f i n d r e l i a b l e a n s v v e r s a l s o f o r s i g n i f i c a n t t e c h n o -

l o g i c a l p r o b l e m s , f . i . i n h o m o g e n i t y a n d k i n e t i c s o f h o -

m o g e n i s a t i o n o f s t e e l s a s v v e l l a s c o p p e r a n d a l u m i n i u m 

a l l o y s , c o m p o s i t i o n o f n o n m e t a l l i c p h a s e s i n s t e e l s a n d 

a l l o y s . T h e a l l r e a d y m e n t i o n e d figure 3 s h o v v s a n o n m e -

t a l l i c i n c l u s i o n e n r i c h e d a t t h e s u r f a c e b y c a l c i u m a n d 

s u l p h u r 9 . T h i s v v a s o n e o f t h e f i r s t p r o o f s f o r t h e r e a c t i o n 

b e t v v e e n c a l c i u m b o u n d s t o a l u m i n a t e o r a l u m o s i l i c a t e 

i n c l u s i o n s v v i t h s u l p h u r i n t h e l i q u i d s t e e l . T h e h o m o g e -

n i s i n g t i m e s f o r a l u m i n i u m a n d c o p p e r a l l o y s v v e r e d i -

m i n i s h e d o n t h e b a s e o f i n v e s t i g a t i o n s o f s e g r e g a t i o n k i -

650 =C 

Figure 4: Distribution of alloying elements in an Cu 8% Sn 0,38% P 
alloy as čast and after homogenisation. Ref. 10 
Slika 4: Porazdelitev legirnih elementov v zlitini Cu 8% Sn 0.38% P 
po litju in po homogenizaciji. Po viru 10 



c a n t l y o n E P M A v v o r k w e r e p r i n t e d i n i n t e r n a t i o n a l j o u r -

n a l s . T h e a u t h o r s i s a v a r e o f t h e p o s s i b i I i t y t h a t s o m e o f 

t h e p h a s e d i a g r a m s w e r e l a t e r m o d i f i e d o n t h e b a s e o f 

r e s u l t s o f i m p r o v e d E P M A . A l s o i f i t h a p p e n e d , i t c o u l d 

n o t c h a n g e t h e t y p e o f p h a s e d i a g r a m s w h i c h h a v e t h e r e -

f o r e a p e r m a n e n t v a l u e . 

T h e a m b i t i o n o f t h e a u t h o r o f t h e p r e s e n t s u r v e y i s 

n o t t o p r e s e n t a l i t h e v v o r k o f D . K o l a r i n t h e q u o t e d 

y e a r s , b u t t o s h o v v t h a t D . K o l a r v v a s p r e p a r e d f o r E P M A 

a n d p r e p a r e d t o e x p l o i t o p t i m a l l y t h e n e v v r e s e a r c h f a c i l -

i t y i n S l o v e n i a d u e t o t h e p u t t i n g i n o p e r a t i o n o f E P M A 

a n d v v a s a b l e i n t h i s w a y t o i m p r o v e c o n s i d e r a b l y t h e s c i -

e n t i f i c v a l u e o f h i s i n v e s t i g a t i o n s . 

Figure 4 i s t a k e n f r o m r e f . 11, v v h e r e D r o f e n i k a n d 

K o l a r r e p o r t e d o n t h e e f f e c t o f B i j O i a d d i t i o n o n s i n t e r -

i n g p r o c e s s a n d p r o p e r t i e s o f s t r o n t i u m f e r r i t e . T h e a t t e n -

t i o n o f t h e r e a d e r i s c a l l e d o n t h e q u a l i t y o f e l e c t r o n a n d 

s c a n n i n g p i c t u r e s i n figure 4. v v h e r e d e t a i l s n e a r t h e s i z e 

o f | i m a r e d i s c e r n i b l e . T h e m o r p h o l o g y o f b i s m u t h 

o x y d e c o n t a i n i n g p h a s e s h o v v s t h a t i t f i l l s a s l i q u i d 

s p a c e s b e t v v e e n p o l y h e d r i c g r a i n s o f f e r r i t e v v i t h h i g h e r 

m e l t i n g p o i n t . E P M A s h o v v e d i n t h i s p h a s e 5 0 % B i i O j , 

3 1 % F e 2 0 3 a n d 1 9 % o f S r O . I t v v a s c o n c l u d e d t h a t t h e 

a d d i t i o n o f b i s m u t h o x y d e l o v v e r e d t h e s i n t e r i n g t e m -

p e r a t u r e a n d i n e r e a s e d t h e v o l u m e d e n s i t y a n d e n e r g y 

p r o d u c t ( B H ) m . 

I n t h e s a m e y e a r K o m a c , G o l i č , K o l a r , a n d B r č i č 1 2 e s -

t a b l i s h e d t h e c r y s t a l s t r u e t u r e , p h a s e c o m p o s i t i o n a n d 

t r a n s f o r m a t i o n t e m p e r a t u r e s i n b i n a r y p h a s e e q u i l i b r i a 

s y s t e m s U S - C a S , U S - S r S a n d U S - B a S . E P M A v v a s u s e d 

f o r t h e d e t e r m i n a t i o n o f s o l i d s o l u b i l i t i e s a n d e u t e c t i c 

c o m p o s i t i o n s s h o v v n i n table 3, v v h i l e figure 5 p r e s e n t s 

t h e p h a s e d i a g r a m s U S - C a S a n d U S - B a S . J u r c a , K o l a r 

a n d T r o n t e l j i n v e s t i g a t e d t h e e f f e c t o f n i c k e l o n a c t i v a t e d 

s i n t e r i n g o f t u n g s t e n a n d e s t a b l i s h e d t h a t n i c k e l i s n o t 

f o u n d i n s o l i d s o l u t i o n i n t u n g s t e n i n a d e t e e t a b l e c o n -

t e n t a n d t h a t a l s o a t g r a i n b o u n d a r i e s n i c k e l i s n o t f o u n d 

i n a p p r e r i a b l e q u a n t i t y 1 3 - 1 4 . 1 . 2 t o 2 . 8 % v v a s f o u n d f o r t h e 

s o l i d s o l u b i l i t y o f t u n g s t e n i n s i l v e r , v v h i c h i s l o v v e r t h a n 

t h e v a l u e f o u n d i n p u b l i s h e d p h a s e d i a g r a m s . 
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Figure S: Back scattered electron and X rays scanning pieture for 
different eiements. Sintered strontium titanate with addition of Bi2Oi. 
Ref. 11 
Slika 5: Elektronski in specifični X posnetki za različne elemente. 
Sintran stroncijev titanat z dodatkom Bi203. Po viru 11 

10 50 
I Mol 7 . 

Figure 6: Phase diagrams US-CaS and US-BaS. Ref. 12 
Slika 6: Fazna sistema US-CaS in US-BaS. Po viru 12 
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Figure 7: Phase diagrams NbC-Fe and NbC-Cr. Ref. 15 
Slika 7: Fazna diagrama NbC-Fe in NbC-Cr. Po viru 15 

Table 3: Phase composition in binary phase equilibria systems 
US-CaS, US-BaS in US-SrS 
M. Komac, L. Golič, D. Kolar and B. S. Brčič: J. Less-Common 
Metals, 24 (1971) 121-128 

S y s t e m P h a s e U S - C a S U S - S r S U S - B a S 

S o l i d s o l u t i o n U S ' , % 3 . 5 3 . 5 3 . 0 

S o l i d s o l u t i o n M S ' , % 4 . 0 n . d . n . d . 

I n t e r m e d i a t e p h a s e , % 5 0 5 0 5 0 

C a U S 2 S r U S 2 B a U S 2 

E u t e c t i c 1 , % 3 3 . 0 3 3 . 0 3 8 . 0 

E u t e c t i c 2 , % 5 0 . 5 5 3 . 0 n . d . 

' - Maximal solubility by eutectic temperature 

G u h a a n d K o l a r 1 5 i n v e s t i g a t e d t h e p h a s e e q u i l i b r i a 

d i a g r a m s n i o b i u m c a r b i d e w i t h t r a n s i t i o n m e t a l s i r o n , 

c h r o m i u m , n i c k e l , a n d c o b a l t . S o l i d s o l u b i l i t i e s a n d e u -

t e c t i c c o m p o s i t i o n s a r e s h o w n i n table 4 a n d t h e p h a s e 

s y s t e m s N b C - F e a n d N b C - C r i n figure 6. E u t e c t i c p o i n t s 

a r e d e p l a c e d n e a r t h e m e t a l s i d e a n d t h e s o l i d s o l u b i l i t i e s 

a r e i n t h e r a n g e 1 t o 4 . 3 % G u h a a n d K o l a r 1 6 i n v e s t i g a t e d 

a l s o t h e p h a s e d i a g r a m s T i C - C r a n d Z r C - C r i n figure 7. 
E P M A r e s u l t s i n table 5 i n d i c a t e s m a l l s o l i d s o l u b i l i t y 

a n d e u t e c t i c p o i n t d e p l a c e d o n m e t a l s i d e . 

Weight percent Cr 

Weiqh( oercent Cr 

Figure 8: Phase diagrams TiC-Cr and ZrC-Cr. Ref. 16 
Slika 8: Fazna diagrama TiC-Cr in ZrC-Cr. Po viru 16 

Table 4: Phase composition in binary phase equilibria systems 
NbC-Fe, NbC-Cr, NbC-Ni, and NbC-Co 
J. P. Guha and D. Kolar: J. Less-Common Metals, 29 (1972) 33-40 

S y s t e m E u t e c t i c S o l i d s o l u t i o n ' , w g h t . % 

w g h t . % m e t a l m e t a l i n N b C N b C i n m e t a l 

N b C - F e 9 1 . 2 1 . 8 0 . 9 8 

N b C - C r 7 6 . 0 2 . 8 0 . 8 5 

N b C - N i 8 9 . 0 1 . 8 3 . 5 

N b C - C o 8 8 . 0 L 2 4 . 3 

1 - Maximal solubility by eutectic temperature 

Table 5: Phase composition in binary phase equilibria systems TiC-Cr 
and ZrC-Cr 
J. P. Guha in D. Kolar: J. Less-Common Metals, 31 (1973) 331-343 

S y s t e m E u t e c t i c S o l i d s o l u t i o n ' , w g h t . % 

M e t a l , w g h t . % M e t a l i n C a r b i d e i n M e t a l , w g h t . % 

c a r b i d e m e t a l 

T i C - C r 8 9 . 0 ± 0 . 5 3 . 5 3 . 5 

Z r C - C r 8 8 . 0 ± 0 . 5 4 . 5 0 . 2 

1 - Maximal solid solubility at eutectic temperature 

F i n a l l y G u h a a n d K o l a r 1 7 e s t a b l i s h e d a l s o t h e p h a s e 

d i a g r a m B a T i 0 3 - B a G e C > 3 o n figure 8 and 9, d e t e r m i n e d 



Mol 7 . 8aCe0j 

Figure 9: Phase diagram BaTi03-BaGe03 . Ref. 17 
Slika 9: Fazni diagram BaTi03 - BaGeOj. Po viru 17 

t h e l i q u i d u s a n d s o l i d u s t e m p e r a t u r e , t h e e u t e c t i c c o m p o -

s i t i o n a s v v e l l a s t h e s o l i d s o l u b i l i t i e s 1 o f m o l % B a T i 0 3 

i n B a G e O . , a n d 2 . 2 m o l % o f B a G e 0 3 i n B a T i O j a t e u -

t e c t i c t e m p e r a t u r e . 

5 C O N C L U S I O N 

T h e s l o v e n i a n r e s e a r c h c o m m u n i t y o b t a i n e d r e l a -

t i v e n l a t e t h e p o s s i b i l i t y t o u s e E P M A a t a c c e p t a b l e 

t i m e a n d e x p e n s e a s s t a n d a r d r e s e a r c h m e t h o d f o r i n s i t u 

q u a l i a n d q u a n t i t a t i v e i n v e s t i g a t i o n s o f s o l i d m a t e r i a l s . 

S t a t i s t i c a l d a t a s h o w t h a t t h e c o m m u n i t y w a s w e l l p r e -

p a r e d f o r t h e u s e o f t h e n e w f a c i l i t y . F o r t h a t r e a s o n , t h e 

u s e e x p a n d e d r e l a t i v e l y f a s t i n r e s e a r c h a c a d e m i c a n d i n -

d u s t r i a l l a b o r a t o r i e s i n m e t a l l u r g y , g e o l o g y , m i n e r a l o g y , 

c e r a m i c , b u i l d i n g m a t e r i a l s a n d e l e c t r o n i c s . O n a v e r a g e , 

i n t h e f i r s t y e a r s m o r e E P M A w o r k w a s p e r f o r m e d f o r 

i n d u s t r i a l c o m p a n i e s t h a n a c a d e m i c i n s t i t u t i o n s . D . K o -

l a r w a s b e t w e e n t h e r e s e a r c h e r s w h i c h d i d p r o f i t t h e 

m u s t f r o m E P M A . B a s e d o n o p t i c a l m i c r o s c o p y a n d 

E P M A h e a n d h i s c o l l a b o r a t o r s r e p o r t e d i n i n t e r n a t i o n a l 

j o u r n a l s o n s i g n i f i c a n t f i n d i n g s o n t o p i c s o f m a g n e t c e -

r a m i c s a n d b i n a r y p h a s e e q u i l i b r i a s y s t e m s o f m e t a l s a n d 

c a r b i d e s a s w e l l a s s u l f i d e c o m p o u n d s . I t i s t h e r e f o r e 

j u s t i f i e l d t o c o n c l u d e t h a t D . K o l a r h e l p e d g r e a t l y t o 

s t r e n g t h e n E P M A a s r u t i n e i n v e s t i g a t i o n m e t h o d f o r b a -

s i c , a p p l i e d a n d d e v e l o p m e n t r e s e a r c h o f m e t a l l i c a n d 

n o n m e t a l l i c m a t e r i a l s . 
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