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Chemical composition of the worked of catalyst 
V2O5 Fe2O3 SiO2 K2O Na2O Al2O3 SO3
4.12 % 3.40 % 57.12 % 6.71 % 3.93 % 0.82 % 23.88 % 

Chemical composition of coke breeze for agglomeration 
FeO SiO2 Al2O3 CaO MgO S FeS2 C v. c. MnO 

3.71 % 6.08 % 2.31 % 1.18 % 0.46 % 1.79  % 1.16 % 78.62 % 4.20 % 0.49 % 

Chemical composition of manganese concentrate 
MnO ��2 FeS2 Fe2O3 P2O5 SiO2

44.56 % 19.33 % 2.25 % 1.79 % 0.31 % 12.40 % 

MgO CaO Al2O3 K2O + Na2O H2Oh.���oth. W from B 
2.00 % 3.90 % 2.10 % 1.15 % 1.20 % 8.97 % 
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� Fe2O5 FeO FeS2 MnO SiO2 Al2O5 CaO MgO P2O5 SO3 V2O5 R2O S oth. 

1 3.82 1.00 0.15 59.35 21.00 3.04 5.29 2.70 0.41 0.67 0.29 2.28 0.01 0.00 

2 3.77 1.00 0.14 55.62 23.86 2.91 4.96 2.53 0.39 1.32 0.57 2.91 0.01 0.00 

3 3.72 1.00 0.14 51.97 26.66 2.79 4.64 2.37 0.36 1.96 0.85 3.53 0.01 0.00 

4 3.67 1.00 0.13 48.40 29.41 2.67 4.32 2.20 0.34 2.59 1.12 4.14 0.01 0.01 

5 3.63 1.00 0.12 44.91 32.09 2.55 4.01 2.05 0.31 3.21 1.38 4.73 0.01 0.01 

6 3.58 1.00 0.11 41.48 34.72 2.44 3.71 1.89 0.29 3.81 1.64 5.31 0.01 0.01 

7 3.49 1.00 0.09 34.84 39.82 2.21 3.12 1.59 0.24 4.97 2.15 6.44 0.01 0.01 

8 3.41 1.00 0.08 28.47 44.72 2.00 2.56 1.30 0.20 6.10 2.63 7.52 0.01 0.01 

9 3.33 1.00 0.06 22.33 49.43 1.79 2.02 1.03 0.16 7.17 3.09 8.57 0.00 0.02 

10 3.25 1.00 0.04 16.44 53.96 1.59 1.50 0.76 0.11 8.21 3.54 9.57 0.00 0.02 

11 3.17 1.00 0.03 10.67 58.33 1.40 0.99 0.50 0.07 9.21 3.97 10.53 0.00 0.02 

12 3.10 1.00 0.02 5.29 62.53 1.22 0.51 0.26 0.04 10.17 4.39 11.46 0.00 0.02 

Note: The percentages proportion between the concentrate and the catalyst from the different variants (1 – 12) are: – 1 - 95:5, 2 - 90:10, 3 - 
85:15, 4 - 80:20, 5 - 75:25, 6 - 70:30, 7 - 60:40, 8 - 50:50, 9 - 40:60, 10 - 30:70, 11 - 20:80, 12 - 10:90; R2O = K2O + Na2O



M. Marinov, P. Petrov, R. Paunova

173

��	�
�	��	
��
��	��
���

�
�**
<�
(��
��	
��
���
����
' 

<
	�
�*
<
���
	��
���������
������	��	�
=������	
����

���
	��
��	����	
�
����
' 
<
	�
 
<>�
��	"���
' 
<
���

&*
<
��
	��
������	��	��
	��
�	��

�
 
<
���
��	"���
&*

<
���
�*
<
��
	��
������	��	�
�
�*
<�

(��
��
�
	��������
���

���%��
���?
���������#

	
��
��	���
�
+*
<@
���
�
	�
��
	��
�	��	
��
��	��
���
�

4
<@
���	
���
������
���
"��	��
�
;
<�

6���
 	����
 
�
	
��
 ����
	
���
 	��
 �������

-�./,0��123
������
	��
��	��
��
�������
���
	��

���	
�������
���
����
������
	
���

RESULTS AND DISCUSSION
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Material balance (90 
manganese concentrate:10 

vanadium catalyst) – income, 
kg

Material balance (90 
manganese concentrate:10 

vanadium catalyst) –
extraction, kg

Heat balance (90 
manganese concentrate:10 
vanadium catalyst), kJ.kg-1

agglomerate 
coke – 7.85 agglomerate – 100.00 

mixture – 138.60 agglom. return – 30.00 
agglom. return – 30.00 smoke gases – 150.53 Qi = Qc = 2232.86 

air – 92.53 sum – 280.70 
water – 11.72  
sum – 280.70  

Material balance (80:20) –
income, kg 

Material balance (80:20) –
extraction, kg

Heat balance (80:20), 
kJ.kg-1 agglomerate 

coke – 7.32 agglomerate – 100.00 
mixture – 135.68 agglom. return – 30.00 

agglom. return – 30.00 smoke gases – 140.67 Qi = Qc = 2128.41 
air – 86.36 sum – 270.67 

water – 11.44  
sum – 270.67  

Material balance (70:30) –
income, kg 

Material balance (70:30) –
extraction, kg

Heat balance (70:30), 
kJ.kg-1 agglomerate 

coke – 6.82 agglomerate – 100.00 
mixture – 132.89 agglom. return – 30.00 

agglom. return – 30.00 smoke gases – 131.34 Qi = Qc = 2028.27 
air – 80.45 sum – 261.34 

water – 11.18  
sum – 261.34  

Material balance (60:40) –
income, kg 

Material balance (60:40) –
extraction, kg

Heat balance (60:40), 
kJ.kg-1 agglomerate 

coke – 6.34 agglomerate – 100.00 
mixture – 130.21 agglom. return – 30.00 

agglom. return – 30.00 smoke gases – 122.14 Qi = Qc = 1932.16 
air – 74.77 sum – 252.25 

water – 10.92  
sum – 252.25  

Material balance (50:50) –
income, kg 

Material balance (50:50) –
extraction, kg

Heat balance (50:50), 
kJ.kg-1 agglomerate 

coke – 5.88 agglomerate – 100.00 
mixture – 127.63 agglom. return – 30.00 

agglom. return – 30.00 smoke gases – 113.43 Qi = Qc = 1839.86 
air – 69.31 sum – 243.52 

water – 10.68  
sum – 243.52  
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