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Abstract 
There are n o I r o n ore m i n i n g act ivi t ies a n d v e r y f e w I r o n e x t r a c t i o n act iv i t ies i n 
Sr i L a n k a d u e t o h i g h e lec tr ic i ty c o n s u m p t i o n a n d n o n a v a i l a b i l i t y of p r o p e r s u r v e y 
results of those ore deposi ts . M a i n c o m p o n e n t s n e e d f o r I r o n m e l t i n g are I r o n ore . 
L i m e s t o n e a n d Coke . The H e m a t i t e ( F e 2 0 3 . X H 2 0 ) percentage i n D e l a I r o n ore is 
88.71%, Si02 percentage is 7.18% a n d AI2O3 percentage is 1.07%. Blast furnace is the 
m o s t sui table m e t h o d to extract I r o n i n Sr i L a n k a c o n s i d e r i n g the cost a n d the 
necessary resources. C u p o l a furnace has the same m e c h a n i s m of the blast furnace 
w h i c h has been u s e d f o r l a b o r a t o r y scale I r o n m e l t i n g . By c h a n g i n g the c o m p o s i t i o n 
a n d f i r i n g c o n d i t i o n , h i g h q u a l i t y pel lets w e r e p r o d u c e d . W h i l e e x t r a c t i n g I r o n , 
h u g e a m o u n t slag f o r m a t i o n is the m a i n d r a w back i n I r o n m a k i n g . By c o m p a r i n g 
degree of m a g n e t i s m , degree of r e d u c t i o n , a p p a r e n t p o r o s i t y , a p p a r e n t specific 
g r a v i t y , b u l k d e n s i t y a n d w a t e r a b s o r p t i o n , h i g h q u a l i t y pel lets w e r e p r o d u c e d . The 
o p t i r r u z e d c a r b o n percentage f o r p e l l e t i z i n g w i t h o p t i m i z e d i n d u r a t i o n t e m p e r a t u r e 
w e r e d e t e r m i n e d u s i n g above tests. Physica l , c h e m i c a l errors a n d f u r t h e r 
i m p r o v e m e n t of th i s p r o c e d u r e h a v e been discussed i n th is research. 

Ke3rwords: D e l a I r o n , I r o n Pellets, Pellet O p t i m i z a t i o n 

1. I n t r o d u c t i o n 
I n 2015, t o t a l w o r l d c r u d e steel 
p r o d u c t i o n w a s 1,599.5 m i l l i o n m e t r i c 
tons ( m t ) . The b iggest steel p r o d u c i n g 
c o u n t r y is c u r r e n t l y C h i n a , w h i c h 
accounted for 50.3% of w o r l d steel 
p r o d u c t i o n i n 2015 [1] . I n 2008 a n d 
2009, o u t p u t f e l l i n the m a j o r i t y , of 
s t e e l - p r o d u c i n g countr ies as a resul t , 
of the g l o b a l recession. I n 2010, i t 
s tar ted to rise again. C h i n a a n d I n d i a 
have a n insat iable appet i t e f o r I r o n ore 
for its r a p i d l y g r o w i n g steel i n d u s t r y . 

Therefore , I r o n p r o d u c t i o n w i l l have a 
h i g h e r v a l u e i n near f u t u r e . 
C u r r e n t l y there are n o I r o n ore m i n i n g 
act ivi t ies a n d v e r y f e w I r o n e x t i a c t i o n 
act ivi t ies i n Sr i L a n k a d u e to h i g h 
p o w e r c o n s u m p t i o n . I r o n ore a n d 
l i m e s t o n e are t w o of the avai lab le r a w 
mater ia l s i n Sr i L a n k a f o r I r o n m a k i n g . 
There are several I r o n ore deposi ts i n 
Sr i L a n k a such as, P a n i r e n d a w a , 
S e r u w i l a , W i l a g e d a r a , Ehe l iyagoda , 
K a l u t a r a , A m b a l a n g o d a , D e n i y a y a etc 
[2] . I n these deposi ts there are 
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2.2 mi l l ion of tons of I ron ore. But no 
mining operations are started yet i n 
Sri Lanka. Iron ores are rocks and 
iruneral deposits f r o m which clanging 
Iron can be reasonably extracted. The 
Iron by its o w n is usually found i n the 
structure of Magnetite (Fe304), 
Hematite (Fe203), Goethite, Limonite 
or Siderite however, proven reserves 
of Iron ore deposits i n Sri Lanka have 
not been scientifically estimated yet 
also. But availability of Limestone and 
possible util ization of imported coal 
w i l l enhance the Gross Domestic 
Product of Sri Lanka. Therefore, it is 
important to investigate the possibility 
of extracting Iron using locally 
available resources. 

Dela Iron ore i n Ratnapura is used as 
the main material to extract metallic 
Iron i n a Cupola furnace. The Dela 
Iron ore consists of Fe203.XH20, Si02 
and AI2O3 88.7%, 7.18% and 1.07% 
respectively [3] . 
There are several industrial methods 
which are used to extract I ron such as 
furnace methods and electrolysis. I ron 
can be extracted by the blast furnace 
because Iron can be displaced by 
Carbon. This is more efficient method 
than electrolysis and other furnace 
methods because it is more cost 
effective. Other methods required high 
electricity power which is one of the 
most expensive energy providing 
system in Sri Lanka. 
Blast furnace is the most suitable 
method to extract I ron i n Sri Lanka 
considering the cost and the necessary 
resources. Cupola furnace has the 
same mechanism of the blast furnace. 
Therefore, this research w o r k has been 
done to extract iron using Cupola 
furnace. 

In this research several aspects were 
considered when performing Iron 
extraction process, such as 
temperature of the muffle for f ired 

pellets, studying the f ired pellets 
characteristics, producing optimized 
Iron ore pellets, extract Iron f r o m 
cupola furnace, studying the extracted 
pig I ron characteristics. Recently 
induction furnace is used i n steel 
melting wor ldwide . But using that 
method. I ron can't be extracted f r o m 
Green I ron pellets because they do not 
have electrical conduction properties. 
Therefore, current is not pass through 
the Iron ore, so no heat is generated. 
Therefore, studying of I ron extraction 
using cupola furnace is discussed i n 
this research. 

2. M e t h o d o l o g y 

2.1 Pelletization 
Palletization of I ron ore involves the 
fo l lowing Four stages: 

1 . Raw Material Preparation: This step 
involves: 

•Grinding of I ron ore was done using 
Tema m i l l to obtain uni form particle 
size 

•Concentration of Iron ore and 
separation of unwanted gangue 
material 

•Mixing of I ron ore. Coke and 
Aruwakkalu limestone for preparation 
of agglomeration mixture. 

• Crushing of raw materials mentioned 
above - jaw crusher fol lowed by 
Tema m i l l . 

•Sieving of crushed materials by 150 
microns BS sieve set to get fine 
powder. 

2. Green Pellet Formation: I n this step. 
Iron ore. Coke and limestone were 
mixed according to fo l lowing ratios. 

62 



Proceedings of ERE 2018 

T a b l e 1 - C a r b o n m i x i n g ratios 

M i x i n g ratio (parts by 
weigtit) 

Sample 
no 

I ron 
ore (g) 

A r u w a k k a l u 
l ime (g) 

Coke(g) 

1 100 7 2 

2 100 7 4 

3 100 7 6 

4 100 7 8 

5 100 7 10 

The pel lets w e r e m a d e b y a d d i t i o n of 
m o i s t u r e . The b a l l f o r m a t i o n w a s d o n e 
i n . L a b o r a t o r y ceramic b a l l m i l l -
P r o v i s i o n f o r w a t e r spray w a s m a d e 
w h i l e the m a t e r i a l to be p e l l e t i z e d w a s 
f e d d i r e c t l y o n t o the b a l l m i l l [4 ] . 

The ma jo r forces a c t i n g o n the G r e e n 
bal ls are the c a p i l l a r y forces a n d the 
surface t e n s i o n d u e to the w a t e r 
content . The l i q u i d - s o l i d interface acts 
cohes ive ly to b i n d the part ic les 
together [5 ] . 

3. F o r m a t i o n of pel lets 

D r i e d pel lets w e r e f i r e d at 
t empera tures of 1175°C, 1225°C, 
1275 °C a n d 1325°C i n the m u f f l e 
furnace [6] . 

2.2 Influence of Carbon A d d i t i o n 
and F i r i n g Temperature o n 
Degree of O x y g e n Reduction 
W e i g h t of green I r o n pel lets w e r e 
m e a s u r e d before those w e r e p u t i n to 
the m u f f l e furnace . T h e n f i r e d pel lets 
w e r e p r o d u c e d a c c o r d i n g t o the above 
steps. A f t e r f i r e d pel le ts ' t empera tures 
were coo led t o the r o o m t e m p e r a t u r e 
t h e n w e i g h t s of the f i r e d pel lets w e r e 
m e a s u r e d [7] . 

2.3 Influence of Carbon Addit ion 
and F i r i n g Temperature on 
Magnet ism of Fired Pellets 
A c c o r d i n g to the above steps several 
f i r e d pellets samples w e r e p r o d u c e d at 
v a r i o u s temperatures . 

T h e n w e i g h t s of f i r e d pellets samples 
w e r e m e a s u r e d . 

T h e n f r o m the above apparatus , the 
w e i g h t s of the f i r e d pellets w e r e 
m e a s u r e d . 

T h e n w e i g h t r e d u c t i o n w a s calculated 
a n d the graphs of c h a n g i n g C a r b o n 
percentage against m a g n e t i s m w e r e 
p l o t t e d . 

2.4 Standard Test Method for 
Apparent Porosity, Water 
Absorption, Apparent Specific 
Gravi ty and B u l k Density for 
Pellets 
F o l l o w i n g testes w e r e done according 
to the A S T M c20-00 2005. 

l .Pe l le ts w e r e heated 105-110°C 
degrees a n d d r y w e i g h t w a s 
m e a s u r e d . (D) 

2 .Suspended w e i g h t w a s measured. 

(S) 

•Fi red pel lets w e r e b o i l e d for 2 ho ur s . 

•Pellets w e r e cooled to the r o o m 
t e m p e r a t u r e w h i l e k e e p i n g t h e m 
c o m p l e t e l y covered w i t h w a t e r . 

• A f t e r b o i l i n g , the pellets w e r e 
i m m e r s e d i n the w a t e r m i n i m u m for 
12 h o u r s a n d w e i g h t of those pellets 
u n d e r s u b m e r s i o n w a s measured . (S) 

3 .Saturated w e i g h t w a s measured . (W) 

• A f t e r g e t t i n g the suspended w e i g h t , 
the pel lets w e r e taken o u t a n d 
r e m o v e d a l l the w a t e r f r o m the 
surface. 
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•Then w e i g h t i n a ir w a s m e a s u r e d . 
(W) 

4 .Calculat ions . 

i . Exter ior v o l u m e ( V ) = 
W - S cm^ (assume I c m ^ of 
w a t e r ) 

i i . V o l u m e of o p e n pores = 
W - D cm3 

i i i . V o l u m e of i m p e r v i o u s p o r t i o n 
= D-S cm3 

i v . A p p a r e n t p o r o s i t y ( P % ) 
( W - D / W - S ) xlOO% 

v . Water a b s o r p t i o n ( A % ) 
( W - D / D ) xlOO% 

v i . A p p a r e n t specific g r a v i t y ( T ) 
= D / ( D - S ) 

v i i . B u l k densi ty(B) = D/(W-S) 

2.5 Melt ing of Pellets i n the 
Laboratory T y p e C u p o l a 
T w o k i l o g r a m s of f i r e d pellets 
( reduced pellets) w e r e p r e p a r e d a n d 
m e l t e d i n the l a b o r a t o r y c u p o l a . W h e n 
p l a c i n g the pellets , th e y w e r e p laced 
close to the center of the c u p o l a 
because at the center of the c u p o l a the 
C a r b o n M o n o x i d e c o n c e n t r a t i o n is 
re la t ive ly h i g h . 

The m i x p r o p o r t i o n for the m a k i n g of 
green pellets w e r e k e p t as f o l l o w s 
based o n the o p t i m u m c a r b o n a m o u n t 
f o u n d earl ier . 

Dela I r o n ore = 100 g 

A r u w a k k a l u l i m e = 7 g 

M e t a l l u r g i c a l coke = 8 g 

2.6 Scanning Electron Microscope 
(SEM) Observation on "Metal l ic 
Pig I r o n " 

Sample of extracted I r o n w a s p u t i n 
the " S E M " to test the Fe percentage 
f r o m f i r e d pellets . 

3. R e s u l t s a n d D i s c u s s i o n 

3.1 Influence of G r e e n Pellet 
C a r b o n Content on Pellet Degree 
of Weight Reduction 

Figure 1 - Degree of w e i g h t 
reduction w i t h carbon content 

Degree of r e d u c t i o n (F igure 1) 
increases g r a d u a l l y u p to 8% c a r b o n 
percentage i n 1175°C, 1225°C a n d 
1275°C. A f t e r tha t p o i n t , the r e d u c t i o n 
begins . A c c o r d i n g t o the above curves 
the o p t i m u m p o i n t is at 8% c a r b o n a n d 
the 1 2 7 5 ° C i n d u r a t i o n t e m p e r a t u r e . A t 
tha t p o i n t the o x y g e n r e d u c t i o n is at 
its h ighest v a l u e i n a l l c u r v e . T h a t 
means the occurrence of m a x i m u m 
possible react ion . So, Fe a n d FeO 
f o r m a t i o n m i g h t be at i ts m a x i m u m 
a m o u n t . So, 8% C a r b o n percentage 
a n d 1 2 7 5 ° C i n d u r a t i o n t e m p e r a t u r e 
m i g h t be the best c o m b i n a t i o n f o r Dela 
I r o n ore. 

3.2 Influence of G r e e n Pellet 
C a r b o n A d d i t i o n on Fired Pellets 
F e O a n d Fe Content 

Figure 2 - Degree of oxygen 
reduction w i t h carbon content 
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M a g n e t i s m of f i r e d pellets (F igure 2) 
increases g r a d u a l l y u p to 8% C a r b o n 
i n 1275°C. A f t e r that p o i n t , the 
r e d u c t i o n begins . M a g n e t i s m of f i r e d 
pellets increases g r a d u a l l y u p to 6% 
C a r b o n percentage i n 1225°C. A f t e r 
tha t p o i n t , the r e d u c t i o n begins i n th is 
c u r v e as w e l l . The 1125°C c u r v e also 
s h o w its h ighes t m a g n e t i s m v a l u e at 
6% of C a r b o n percentage. F r o m a l l the 
curves m a x i m u m m a g n e t i s m is s h o w n 
i n the 1275°C c u r v e . O n l y Fe a n d FeO 
s h o w the magnet i c p r o p e r t i e s . T h a t 
means at the 1275°C a n d 8% C a r b o n 
percentage, m a x i m u m a m o u n t of Fe 
a n d FeO h a v e been f o r m e d . So, th i s 
g r a p h also c o n f i r m s t h a t the 8% 
C a r b o n percentage a n d the 1275°C 
i n d u r a t i o n t e m p e r a t u r e m i g h t be the 
best c o m b i n a t i o n for Dela I r o n ore. 

3.3 Influence of G r e e n Pellet 
C a r b o n Content on Apperent 
Porosity 

.Ml 

i 
D : ' t m K u 

Figure 3 - Apparent porosity w i t h 
carbon content 

A p p a r e n t p o r o s i t y (F igure 3) decreases 
g r a d u a l l y u p to 8% C a r b o n percentage 
i n 1 1 7 5°C a n d 1225°C. B u t i n 1 2 7 5 ° C i t 
decreases t i l l 4 % C a r b o n percentage. 
H i g h e r t e m p e r a t u r e curves are at the 
b o t t o m leve l of the g r a p h . T h a t m i g h t 
h a p p e n d u e to slag f o r m a t i o n a n d 
f i l l i n g u p of the i n t e r g r a n u l a r spaces at 
h i g h e r t e m p e r a t u r e . B e y o n d 8% 
C a r b o n at 1175°C a n d 1225°C, 4 % 
c a r b o n percentage i n 1225°C , the 
a p p a r e n t p o r o s i t y a g a i n increases tha t 
m a y be d u e to m i c r o cracks f o r m a t i o n . 

3.4 Influence of G r e e n Pellet 
C a r b o n Content on Apperent 
Specific Gravi ty 

1 

Figure 4 - Apparent specific gravity 
w i t h carbon content 

A p p a r e n t specific g r a v i t y of f i r e d 
pellets (F igure 4) decreases w h e n the 
i n d u r a t i o n t e m p e r a t u r e increases. That 
can be c lear ly o b t a i n e d b y the above 
g r a p h . The 1275°C c u r v e shows the 
l o w e s t v a l u e of apparent specific 
g r a v i t y at 8% of c a r b o n percentage. 
Th is m i g h t be h a p p e n e d d u e to 
r e m o v a l of a l l the extra C a r b o n at h i g h 
t e m p e r a t u r e values . T h a t means at the 
1275°C a n d 8% C a r b o n percentage, 
m a x i m u m a m o u n t of Fe a n d FeO have 
been f o r m e d as w e l l as there m i g h t be 
v e r y less a m o u n t of i m p u r i t i e s . So, this 
g r a p h also c o n f i r m s that the 8% 
C a r b o n percentage a n d the 1275°C 
i n d u r a t i o n t e m p e r a t u r e m i g h t be the 
best c o m b i n a t i o n for Dela I r o n ore. 

3.5 Influence of G r e e n Pellet 
C a r b o n Content on B u l k Density 

-*-tiff -•-•OM - » - i r i 1 < 

Figure 5 - B u l k density w i t h carbon 
percentage 
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B u l k dens i ty of f i r e d pel lets (F igure 5) 
does n o t s h o w m u c h v a r i a t i o n 
according to the above g r a p h . B u t i n 
the 1275°C c u r v e shows the l o w e s t 
va lue of b u l k dens i ty is at 8% of 
C a r b o n percentage. Th is m i g h t be d u e 
to f o r m a t i o n of m i c r o fractures . T h a t 
means there is h i g h a m o u n t of p o r e 
v o l u m e . This c o n f i r m the a p p a r e n t 
poros i ty g r a p h results as w e l l . 

3.6 Influence of G r e e n Pellet 
Carbon Content on Water 
Absorption 

Figure 6 - water absorption w i t h 
carbon content 

Water a b s o r p t i o n (F igure 6) decreases 
g r a d u a l l y u p to 8% C a r b o n percentage 
i n 1175°C a n d 1225°C. B u t i n 1275°C i t 
decreases t i l l 4 % C a r b o n . H i g h e r 
t empera ture curves are at the b o t t o m 
level of the g r a p h . T h a t m i g h t h a p p e n 
due to slag f o r m a t i o n a n d f i l l i n g u p of 
the i n t e r g r a n u l a r spaces at h i g h e r 
temperature . B e y o n d 8% C a r b o n 
percentage i n 1175°C a n d 1225°C, 4 % 
C a r b o n percentage i n 1225°C, the 
water a b s o r p t i o n a g a i n increases that 
m a y be d u e to m i c r o cracks f o r m a t i o n . 
These results c o n f i r m the apparent 
p o r o s i t y g r a p h as w e l l . 

3.7 Results For Scanning Electron 
Microscope V i e w on "Metal l ic P ig 
I r o n " 

T a b l e 2 - Resul ts of S E M analys is 

Element W e i g h t % A t o m i c % 

C 3.04 7.46 
O 25.16 46.42 

N a 2.72 3.49 
M g 0.62 0.75 
A l 3.39 3.71 
Si 5.5 5.78 
P 0.74 0.71 

Ca 2.78 2.05 
M n 1.53 0.82 
Fe 54.51 28.81 

By i n t e r p r e t i n g the above results , i t is 
c o n f i r m e d tha t the "Fe " has f o r m e d . 
B u t the issue is since Fe has f o r m e d , i t 
is less t h a n the expected v a l u e . The 
I r o n to slag r a t i o w a s less t h a n 
expected. 

The p a l l e t i z a t i o n process is v e r y 
w i d e l y used, p a r t i c u l a r l y w h e n the ore 
m u s t be s h i p p e d great distances 
b e t w e e n the m i n e a n d the blast 
furnace , because the f i r e d pel lets are 
easy to h a n d l e . T he pel lets also 
p e r f o r m v e r y w e l l i n the blast furnace , 
w i t h g o o d p e r m e a b i l i t y a n d 
r e d u c i b i l i t y . The select ion of a p r o p e r 
b i n d e r t y p e a n d dosage is of c r i t i ca l 
i m p o r t a n c e i n p r o d u c i n g g o o d q u a l i t y 
pel lets at a reasonable pr ice as 
p a l l e t i z t i o n process consumes h i g h 
a m o u n t of p r i m a r y b i n d e r s . So, i t is 
u t m o s t i m p o r t a n t to s t u d y the 
characteristics of f i r e d pel lets as w e l l 
as the i r f i n a l p e r f o r m a n c e i n I r o n 
m a k i n g . 

4. C o n c l u s i o n s 
The p o s s i b i l i t y of I r o n e x t r a c t i o n is a 
f u n c t i o n of geological , technical , 
e n v i r o n m e n t a l , social , p o l i t i c a l , a n d 
economic factors . I n th i s research 
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p r o d u c t i o n of h i g h quaUty I r o n pel lets 
b y c h a n g i n g c o m p o s i t i o n a n d f i r i n g 
c o n d i t i o n s is discussed. 
I r o n ore is p o t e n t i a l r a w m a t e r i a l i n Sr i 
L a n k a w h i c h can c o n t r i b u t e to the 
c o u n t r y i f i t w a s f u l l y e x p l o r e d . 
L i m e s t o n e also avai lable i n Sr i L a n k a . 
C o a l is the o n l y r a w m a t e r i a l Sr i L a n k a 
need to i m p o r t , b u t as i t is a cheap 
m a t e r i a l , i t w o n ' t h a v e a h i g h e r i m p c t 
o n I r o n i n d u s t r y severely. 
I n p e l l e t i z i n g p r o c e d u r e there are 
some conclus ions such as, 

i . G r e e n I r o n pel lets s h o u l d be a ir 
d r i e d a n d i t s h o u l d be d r i e d 
a r o u n d 110 °C, o t h e r w i s e f ractures 
occur i n the pellets w h i l e 
p r o d u c i n g f i r e d pel lets . 

i i . O p t i m u m C a r b o n percentage 
s h o u l d be a r o u n d 8% t o D e l a I r o n 
ore. 

i i i . W h e n p r o d u c i n g f i r e d pellets , 
m u f f l e furnace t e m p e r a t u r e 
s h o u l d be a r o u n d 1275°C. 

5. R e c o m m e n d a t i o n s 
Surface area of the f i r e d pel lets can be 
increased b y c r u s h i n g the pellets . 
F r o m th is m e t h o d energy 
c o n s u m p t i o n i n I r o n e x t r a c t i o n m i g h t 
be r e d u c e d . 

By increas ing the H e m a t i t e percentage 
i n D e l a I r o n ore, pel lets q u a l i t y w i l l be 
increased as w e l l as the f o r m a t i o n s lag 
m i g h t be r e d u c e d i n I r o n ex t rac t ion . 
F r o t h f l o a t a t i o n can be u s e d to increase 
the H e m a t i t e percentage i n I r o n ore. 

A t p e l l e t i z i n g p r o c e d u r e some P2O5 
can be a d d e d . I t p r o v i d e s 5 m o l s of C O 
to the process. A l m o s t every process 
h a p p e n i n I r o n e x t r a c t i o n "process 
i n v o l v e s C O . E x p l o r i n g p o t e n t i a l of 
u s i n g P2O5 w i t h the i n t e n t i o n of 
r e d u c i n g i n d u r a t i o n t e m p e r a t u r e of 
p r o d u c i n g f i r e d pel lets w i l l be another 
p o t e n t i a l research area 

(P2O5 + 5 C - - > 2 P + SCO). 

F i r e d pel lets s h o w magnet ic propert ies 
because Fe a n d FeO. So, after c r u s h i n g 
u s i n g th is m e t h o d i m p u r i t i e s can be 
r e m o v e d u s i n g magnet ic separat ion. I t 
m i g h t increase the eff ic iency of I r o n 
e x t r a c t i o n process. 

G r e e n I r o n pel le t c o m p o s i t i o n a n d 
f i r i n g t e m p e r a t u r e can be f o u n d to 
several deposits i n Sr i L a n k a . F r o m 
those i n f o r m a t i o n I r o n ex t rac t ion f o r 
loca l context can be s t u d i e d . 
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