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In several thermal povver plants in operation in the Republic of Macedonia a substantial quantity of ash is produced by oil 
burning. Ashes are considered as highly hazardous for the environment due to their fine particle size. On the other hand, analyses 
carried out so far, indicate appreciable contents of vanadium, gallium, beryllium etc. in the ashes. 
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V Makedoniji obratuje več termoelektrarn, kjer pri zgorevanju olj nastaja pepel, ki je nevaren za okolje zaradi drobnozrnatosti. 
Po drugi strani pepel vsebuje pomembne količine vanadija, galija, berilija itd. 
Ključne besede: oljni pepel, V2O5, luženje, vpliv temperature in sestave raztopin, aktivacijska energija luženja 

1 INTRODUCTION 

I n v e s t i g a t i o n s p r e s e n t e d i n t h i s p a p e r a r e a i m e d t o e x -

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

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

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

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

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

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

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

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

t o x y d e i n s o l u t i o n . T h e p u r i f i c a t i o n o f V2O5 s o l u t i o n a n d 

i t s c o n c e n t r a t i o n o f V 2 0 5 i s o b t a i n e d v v i t h l i q u i d - l i q u i d 

e x t r a c t i o n w i t h D 2 E H P A ( D I - 2 e t i l h e k s i l p h o s p h o r i c 

a c i d ) . 

T h e e f f e c t s o f t e m p e r a t u r e ( 2 9 8 - 3 7 3 K ) , p h a s e r a t i o 

( S / L : 1 / 5 0 - 1 / 5 ) , c o n c e n t r a t i o n o f H 2 S O 4 i n s o l u t i o n 

( 0 , 5 ; 1 ; 1 , 5 ) m o l / d m 3 , v v e r e i n v e s t i g a t e d b y c o n s t a n t 

p a r t i c l e s i z e ( - 0 , 0 7 4 m m 1 0 0 % ) , v e l o c i t y o f m i x i n g 

8 0 0 0 r e v . / m i n a n d l e a c h i n g t i m e 3 h o u r s . 

E x p e r i m e n t a l r e s u l t s s h o v v i n g t h e i n f l u e n c e o f t e m -

p e r a t u r e , c o n c e n t r a t i o n o f H2SO4 a n d p h a s e r a t i o o n 

V 2 0 5 l e a c h i n g a r e s h o v v e d o n figures 2, 3, 4. 

2 RESULTS AND DISCUSSION 

T h e k i n e t i c s s h o v v s t h a t b y t h e m a x i m a l i n v e s t i g a t e d 

t e m p e r a t u r e o f T = 3 7 3 K a n d t h e f o l l o v v i n g c o n d i t i o n s 

S / L 1 / 5 0 , H2SO4 1 m o l / d m 3 i n t h e f i r s t 3 0 m i n o f l e a c h -

i n g 6 7 , 4 % V 2 0 5 i s d i s s o l v e d . P r o l o n g i n g t h e l e a c h i n g 

t i m e i s v v i t h o u t s i g n i f i c a n t i n f l u e n c e o n v o l u m e o f V2O5 
i n s o l u t i o n . C h a n g e s o f c o n c e n t r a t i o n o f H2SO4 ( 0 , 5 - 1 , 5 

m o l / d m 3 ) , o f p h a s e r a t i o ( 1 / 5 0 - 1 / 5 ) a f f e c t b y c o n s t a n t 

t e m p e r a t u r e ( 3 4 3 K ) a l s o i n t h e f i r s t p e r i o d t h e V 2 0 5 

l e a c h i n g e f f i c i e n c y . 

A l e a c h i n g a c t i v a t i o n e n e r g y E a = 2 4 , 8 k J / m o l e v v a s 

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

c u r v e s i n figure 2. 

Figure 1: Apparatus for leaching 
Slika 1: Naprava za izluževanje 

Figure 2: Kinetics of V2O5 leaching for different temperatures 
Slika 2: Kinetika izluževanja V2O5 za različne temperature 

• 373 K 
• 3 ( 3 K 
x 3 0 K 
• 3 ? i K 
O 313 k 
» 2 M K 



Figure 3: Kinetics of V2O s leaching for different concentrations of 
H 2 S 0 4 

Slika 3: Kinetika izluževanja V 2 0 5 za različne koncentracije H 2 S 0 4 

Figure 7: Effect of concentration D2EHPA on coefficient of 
distribution D(V 2 0 5 ) (Cjniliai = 0,4 mol/dm3) 
Slika 7: Vpliv koncentracije D2EHPA na razdelitveni koeficient 
D(V 2 0 5 ) (C z a & l n a = 0.4 mol/dm3) 
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Figure 8: Log-log dependence of D(V 2 0 5 ) and (D2EHPA) for 
different concentrations of HC1 (Cjniuai = 0,2 mol/dm3) 
Slika 8: Log-log odvisnost med D(V 2 0 5 ) and (D2EHPA) za različne 
koncentracije HC1 (Czačetna = 0.2 mol/dm3) 
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Figure 4: Kinetics of V2Os leaching for different phase ratios 
Slika 4: Kinetika izluževanja V1O5 za različna razmerja faz 
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Figure 5: Graph of variables in Arhenius presentation 
Slika S: Odvisnosti v Arhenius predstavitvi 

F i g u r e 6: Effect of concentration D2EHPA on coefficient of 
distribution D ( V 2 0 5 ) (Cinitiai = 0,2 mol/dm3) 
Slika 6: Vpliv koncentracije D2EHPA na razdelitveni koeficient 
D(V 2 0 5 ) (Czagetna = 0.2 mol/dm3) 

Figure 9: Log-log dependence of D(V 2 0 5 ) and (D2EHPA) for 
different concentrations of HCl (Cj„jtjai = 0,4 mol/dm3) 
Slika 9: Log-log odvisnost med D(V2Os) in (D2EHPA) za različne 
koncentracije HCl (C2ačema = 0.4 mol/dm3) 



T h e e x p e r i m e n t a l i n v e s t i g a t i o n o f l i q u i d - l i q u i d e x -

t r a c t i o n u s i n g D 2 E H P A w a s c a r r i e d o u t v v i t h i n i t i a l c o n -

c e n t r a t i o n s o f V2O5 o f 0 , 2 m o l / d m 3 a n d o f 0 , 4 m o l / d m 3 . 

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

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

p a r a m e t e r s : 

a ) p H o f s o l u t i o n : 1 ; 2 ; 4 ; 6 ; 8 ; 1 0 m o l / d m 3 

b ) C o n c e n t r a t i o n o f D 2 E H P A : 0 , 1 ; 0 , 2 ; 0 , 4 ; 0 , 6 

m o l / d m 3 

3 RESULTS AND DISCUSSION 

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

d i s t r i b u t i o n DCV2O5) a n d t h e l e v e l o f e x t r a c t i o n E C V 2 O 5 ) 

a s a f u n c t i o n o f p a r a m e t e r s a ) a n d b ) a r e g i v e n i n table 1 
and 2 and figure 6 and 7. 

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

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

o f e x t r a c t i o n V2O5 a s a f u n c t i o n o f p H a n i n t i a l p e r i o d o f 

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

p H , t h e e x t r a c t i o n e f f i c i e n c y o f V 2 0 5 i s i n c r e a s e d . 

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

l i n e s v v h i c h s l o p e s r e p r e s e n t t h e s o l v e n t c o e f f i c i e n t s . I n 

figure 8 and figure 9 t h e l i n e s l o p e h a v e a t a n g e n t s 

v a l u e o f 2 . I t i s c o n c l u d e d t h a t v a n a d i u m v v i l l b e r e c o v -

e r e d v v i t h a p h a s e r a t i o C D 2 E H P A / L P h a s e = 2 . W i t h i n c r e a s i n g 

t h e p H s o l u t i o n s u n t i l 1 0 m o l H C 1 t h e s l o p e i s t a n g e n t 

d e c r e a s e d t o 1 , 2 a n d i n t h i s č a s e e x t r a c t i o n v v i l l b e r e a l -

i z e d v v i t h a r a t i o p h a s e D 2 E H P A / L p h a S e = 1 : 1 . 
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