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Abstract—Based on the abundant nickel ore resources in Indonesia, it is necessary to develop nickel ore processing technology. One of
the commercially proven nickel processing technology is Mini Blast Furnace (MBF). The feeding process in MBF using charging
system. So, the burden material distribution in MBF can be controlled. The burden material controlling is important process in MBF.
The distribution of burden material will affect the gas flow in MBF. This research focuses to study the effect of large bell diameter
size to burden materials distribution in MBF using Discrete Element Method. After analysis, the differences of large bell diameter size
will affect the burden materials distribution. If the diameter of large bell is greater, the impact point during charging process will be
closer to the wall area. Then, the impact area on the surface of the layer will be on top of the layer. The distribution of burden
materials in MBF is influenced by large bell size, kinetic energy at impact, particle mass, and particle size and layer stability. For
particles distribution, the particles with small density (coal and dolomite) tend to be concentrated in the center zone. On the other
hand, the particles with large density (ore) tend to be concentrated in the intermediate and peripheral zone. For the MBF start-up
process, the best gas flow can be achieved by using large bell and MBF inner diameter ratio of 7: 10.

Keywords— mini blast furnace; bell-type charging system; discrete element method; burden materials distribution.

of a small bell at the top and a large bell on the bottom. The

I. INTRODUCTION consideration of choosing this type of charging system is the
Nickel laterite ore is classified into two types of ore, i.e cost of initial investment and operational cost that is lower
limonite andsaprolite. The limonite ore is a low grade nicke| than others. Burden distribution within the Blast Furnace
ore which has Ni content of 1.1 until 1.8 Wt%. In the other greatly affects the performance of the Blast Furnace itself.
hand, thesaprolite ore has nickel content of 2 wt% [Ilhe Thus, the distribution of burden in Blast Furnace should be

limonitic ore can be processed using hydrometallurgy route,Con.trOI!e.d to maximize the _reductlon efficiency Wh'le

such as HPAL [2]. In the other hand, the saprolitic nickel ore maintaining the burd_en reduction and gas permeability by
can be processed using pyrometalurgy route, such as RK|E|:<,:ontrolllng the charging process of the upper burden layers
Blast Furnace and Krupp-Renn [3]. In Indonesia, the RKEF Of the blast furnace [5]. There have been many other

and Blast Furnace process were implemented to proces esearchgrs yvhq studied the ?ﬁeCt of Fhe c_hargmg process on
nickel ore urden distribution and particle motion in Blast Furnace

According to the Indonesian Legislation of Minerals and either through research or mathematical models for single
Coals No. 4 of 2009 and as an effort to realize the particles. However, the information obtained is still limited.
independence of the Nation, Institut Teknologi Sepuluh Thus, it needs more detailed study to un-derstand the
Nopember (ITS) has been designing a Mini Blast I:umaceph.enom_enon that occurs. Currently, the analysis can be dpne
(MBF) with capacity of 250 ton per day as a technology for ufS|bng lescrete EIement(;\/Iethc_)dl (D.EM)C;I.ThES’.the behaV|c_>|r
lateritic nickel ore processing to produce ferronickel. MBF is 0 kur en n;ovgment_an . par'ﬂc e size distr #t'ohqggﬁ ea_ﬁ| y
a counter-current reactor that use pyro-metallurgical processge BOV_V” Ej]l\./IBBIQ opt;]mr:_ZI?]g t il process ”:jt| € d It wi
[4]. MBF has a working principle similar to blast furnace but °€ obtaine with high productivity and low production
has a smaller scale. costs. So, the effect of ratio between large bell diameters to

MBF that developed by ITS has a capacity of 250 inner diameter of MBF on burden material distribution in
tons/day with a double-bell type charging system consisting™BF using Discrete Element Method analysis should be
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conducted to get representative information for the realinclude of density, poison’s ratio, modulus young, restitution
application. coefficient, static friction coefficient and rolling friction

MBF development can be done by using MBF reactor coefficient. Table 1 shows the material properties of five
either by trial error. But, trial error will affect the materials. The value of density is found by experiment. The
effectiveness of the study. The modeling method can get aother material properties got from some references [8], [9].
mathematical approach so that variable selection parameters

in trial and error can be narrowed. This method can be used>: Geometries
to analyze the phenomenon of burden material distribution TABLE |
event when charging MBF by discrete element method. MATERIALS PROPERTIES OFBURDEN
Discrete element method is a calculation based on Newton'  Material Parameter Value
second law to simulate particulate behavior. This method | Conditioned Density 1966 kg/rh
can describe forces on a single particle, knowing the particle ore Poisson’s ratio 0.25
stream and explaining the behavior of particulate motion [7]. The Conditioned ore 0.48
Thus, this method is suitable for explaining the behavior of restitution Coal 0.1
A o S coefficient Dolomite 0.3
burden material movements within the MBF and is widely Steel 0.39
used in metallurgy. So this simulation process can be used tq Refractory 04
design charging system, with solid and gas flow. The static | Conditioned ore 0.49
friction Coal 0.43
Il. MATERIAL AND METHODS coefficient Dolomite 0.4
Steel 0.5
A. Numerical Smulation Refractory 0.45
Discrete Element Method is numerical analysis to T?‘? rolling | _Conditioned ore 0.21
calculate the interaction between solid particles in large COI;?ftiI(c:)ignt Dcfljgr?wlite %%59
guantities through translational motion and rotation due to Steel 0.25
outer force that use to simulate flow and interaction in solid Refractory 03
particles. The interaction between the particles has been Coal Density 1427 kg/m
described in Newton's Law. The contact force represented by Poisson’s ratio 0.24
a spring and damping force is represented by a dashpot that The Coal 0.64
can be associated with elasticity or particle plasticity. The restitution Dolomite 0.45
magnitude of the tangential force is limited by the frictional coefficient Steel 0.63
force [7]. The translational acceleration and particle rotation T Regz;;tlory 0%‘;’
are calculated by summing up all the forces and torques friction Dolomite 06
which are work on particles/body. A particle i, in which coefficient Steel 0.36
contact with the particle K (j = 1.2 ... K) for the force Refractory 0.45
equation can be expressed by the following equation The rolling Coal 0.14
friction Dolomite 0.2
[ ] K - B - - ) coefficient Steel 0.24
Z (Fenjij + Fdn,ij + Fet,ij + Fdt,ij) +mig (1) Refractory 0.25
=1 Dolomite Density 1645 kg/ni
Poisson’s ratio 0.16
The Dolomite 0.32
d["-‘] Z(Tt ij +7Tr,ij) (2) restitution Steel 0.2
coefficient Refractory 0.4
The static Dolomite 0.43
Where Vi, li, oi and mi represent translational velocity, C:,g(f:fti';gm Re?rt;(‘:etlory %'_555
moment of inertia, angular velocity and particle mass i. The The rolling Dolomite 0.39
translations of particles are affected by the normal force friction Steel 0.22
(Fen, ij) and tangential forceF€t, ij) particles i and j, coefficient Refractory 0.34
damping force i and j and gravityn{g). As for the rotation Steel Density 7870 kg/ni
of particles affected by tangential forc&t and rolling Poisson's ratio 0.29
friction (Tr,). The values of torque and force are described Young’s Modulus (MPa) X fr(r)?
by model contact [8]. Refractory _Densllty _ 3100 kg/
Poisson’s ratio 0.15
Young's Modulus (MPa) 314 x f0

B. Material Properties

This research contained of five materials (ore, coal,
dolomite, steel and refractory). In the process, conditioned
ore, coal and dolomite classification as burden materials tha
charge through double-bell system. Steel is used as ra
material of charging system. While refractory is the raw ¢
material of MBF wall. Material properties act as input of
simulation process and influence the accuracy of simulation
result. Material properties of Discrete Element Method

Mini Blast Furnace volume used in this research has 61
® working volume capacity. Cause of the symmetrical
eometry, it simulated half of the total geometry. Therefore,
he computational load decrease and the simulation run
aster. Because the burden distribution of material over large
bell has been uniform, the role of small bell is negligible.

Large bell moves vertically with 1 m/s velocity. In this
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simulation, large bell diameter varied in 3 sizes that is shown I1l. RESULT AND DISCUSSION

by Table 2. _ .
A. Layer formation of burden materials

Layer formation in MBF show the difference for the three
variables. The burden materials layer formation for each

TABLE I
RESEARCHV ARIABLES

Variables _Large Bell Diameter Ratio of Large variable is shown by Fig. 3. Variable 3 has the greatest
Diameter (mm) Bell and .Inner MBF layout altitude of 9,692.5 mm, so the distance between the
1 425 3 - 10 material falls (bell lip) with the surface of the layer will be
2 708 5:10 smaller
3 991 7:10 -

Cover Layer =

In the other hand, the MBF geometry was shown in Fig. 1. It
can be shown that the height of MBF is 12 m and the inner
diameter of MBF is 2.832 m.
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Fig. 1. Mini Blast Furnace geometry of Variable 1, 2 and 3, respectively. Variable 3 has the top layer on the wall area and variable

D. Particle Shape 2 is near the wall. While variable 1 has the top layer in the
area between the wall and center (most approaching center).

In this simulation, burden materials illustrated in 7 shape ' =< X ) ; ;
(a shape for conditioned ore, 3 shapes for coal and 3 shape'% indicates that the impact point of burden material layer is

for dolomite). The default of DEM is simulated for perfect affected by the ratio between large bell diameter and inner
spherical particles. The burden material particles modeled indiameter of MBF. The larger bell diameter, the impact point
the DEM software are attempted to approximate the actuaWill be close to the wall area. Therefore, each variable has

particle shape. The best method for accounting the particle(j;ﬁ(‘:rsent layer slope levels between the top and bottom
yers.

shape is using clumped spheres or multi-sphere method [10]:
pe 15 Lsing cump P Ui sp [10] During the charging / dumping process, burden materials

DEM Particle shape for this research is shown by Fig. 2 )
which is modeled close to the real particle. fall on the surface of the stO(_:k and moves parabolically. The
shape of the stock surface is classified into two, namely V
shape (formed when the impact area is in the wall area) and
M shape (formed when the impact area is between the wall
e and center) [11]. The profile shape on the stock surface for
- 7 each variable is shown in Fig. 4. When it connected to the
- process production that assumes the permeability of each
particle equals, the higher of the total layer influence the gas
flow resistance passing through the gaps in the layer greater
and vice versa. Thus, the largest gas flow in variable 1 will

|

 c—

8
k

(@) (b) (©)

4

SlEr ] i\ be concentrated in the wall and center area. Large gas flow
T — = in the wall area is a feature of wall-working furnace in the
e & o & cohesive zone area is not good against the continuity of the

Fig. 2. Shape of Burden Materials : a) Conditioned/Roasted Ore, (b) Coalprocess and is greatly avoided by the operator. This is due to

“A", (c) Coal "B", d) Coal “C", () Dolomite “A", (f) Dolomite "B”and (9)  the large heat loss on the wall area caused by the large
Dolomite “C”
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temperature gap between refractory and burden materials. Sby variable 1. Fig. 6 show the kinetic energy of three
the ability of reduction would decrease significantly that variables used.
influence the productivity levels of MBF. In other variables, 1.5

variable 2 and 3 dispose to form central working furnace. 1
Where the largest gas flow is in the center area. So, the _ 24 ]
heatless on the wall area can be minimized [12]. ”;
£ 23]
=
=
£ 21 !
=
=
2,1
2 T
1 2 3

Variable
Fig. 6. The kinetic energy of three variables used

Variable 1 has the maximum kinetic energy when the
particle collide, i.e. 2.47 Joule. While the maximum kinetic
Fig. 4. Surface shape of burden stock energy value for variables 2 and 3 is 2.39 Joule and 2.2 Joule,
. . respectively. Maximum kinetic energy in variable 3 is the
B. Deformation of Burden Materials Layer lowest because the burden will impact with the wall before

Physical phenomena of fall and collisions between burdenthe coal particles hit the dolomite layer. The larger kinetic
materials during the charging process becomes important teenergy will affect the deformation of burden layer. So, the
know, especially for operators and engineers to make thegistribution of burden will change. The change of burden
processing run efficiently. The shape, size and type of distribution will affect the coal and conditioned ore ratio. So,
charging system also have the same effect. The deformationhe reduction rate will change too.
research on the burden materials layer is focused on the top When analyzed from the position of the fall of the
Iayer in the MBF, which is Iayer 20 because this Iayer has apartides during the Charging process, the partides in
large effect on MBF operation when running continuously. variable 1 fall closer to the MBF center. This is due to the
Fig. 5 shows the process of charging conditioned ore. Thesmaller large bell diameter size compared to other variables.
reduction process causes the amount of burden materials ta\fter the collision, the flows of conditioned particles moves
decrease. Where the reduced burden of materials has bee@ward the center area and the MBF wall (lower area).
transformed into off-gas, slag and molten Ferro-nickel due to
chemical reactions at high temperatures [12].

e e i, ‘
Variable 1 Variabie 2

Velocity (mis)
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8.00e-001
£.00e-001
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2.00e-001

3.62¢-006

2 R e
Variable 3
I Conditioned Ore : Dolomite
Fig. 7. Layer Coal condition after collision

Deformation in variable 1 is smaller than other variables
that is proven by shorter and fewer streams Fig 7.
Deformation of the layer mostly occurs in the collision area
and the valley of layer. In variable 2, the deformation layer

o Sl P, Shnd e ol appears in the collision area and the valley layer. While in
Il Coal : Dolomite H H
Fig. 5. Charging Process Conditioned Ore, (a) Variable 1, (b) Variable 2\/6‘”6lble 3, deformation layer looks greatest. The ""?rger slope
and (c) Variable 3 of layer makes the layer unstable. When the layer is pounded

with a certain energy, the particles move into unstable and
Conditioned ore is displayed by a stream. The length oflower region due to the gravity and friction with the
stream shows the distance of the particle displacement pepounding particles that move toward the center. Therefore,
unit of time. So, the longer streams indicate the larger thedravity gives a strong influence in the movement of particles
particle displacement. The largest kinetic energy is ownedafter the collision (gravity failure) [7]. In addition, friction
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with the pounder particles also gives effect to the particles are more fluctuate. Then, at the center area MBF is
deformation of the layer. The kinetic energy in each variable dominated by dolomite particle.

has a small effect on the impacted layer due to the small When the process starting, each burden material
mass deviation in every particle of burden materials. undergoes reduction in size and even a phase change at a
However, kinetic energy has a role as the initiation of certain temperature. In the temperature below the melting
gravity failure of the layer. Variable 1 is the variable with and softening zone (100-108D), burden materials particles

the most stable layer and variable 3 has the most unstablavill degrade into smaller sizes. In the charging zone area for
layer due to the slope of the largest layer. example, burden materials can be degraded due to impact

When reviewing the effect of the fraction or thickness of stress and abrasion between particles [13]. At higher
the burden material layer on the gas flow at the start-uptemperatures (above 6) when the reduction of hematite
process, it is necessary to divide the region within the MBF to magnetite starts, the conditioned ore particles undergo
based on the temperature distribution. The division of theinternal stress which causes increased density and particle
region is based on the temperature distribution because asize reduction [12]. While at a temperature of 700%@60
some temperature the burden material will undergo a phaselecomposed dolomite particles which subsequently led to a
change which will then have a different effect on the flow of reduction in particle size. For coal particles, the particles
gas when compared to before the phase change. begin to react with CQat temperatures of 980 to 1006C.

The area within the MBF closer to the tuner will have a In the granular zone, coal is degraded (the majority of
greater temperature, because the tuner has the highestbrasion) due to gasification processes and mechanical
temperature (1900-2300) [12]. So in the discussion of the forces. However, the rate of coal degradation is not as
effect of gas flow, the area within the MBF is divided into dolomite and conditioned ore.
two regions, those are regions with temperatures above 1000 Based on the deformation occurring at a temperature of
°C and areas with temperatures of less than %M0Areas 100 - 1006C for each burden material, the majority of
with temperatures above 10@are in layers 1-10. While particles are reduced in size to a certain degree. At
regions with temperatures below 1800are at layers 11-20. temperatures before the process of reduction temperature,
This division assumption is based on [10] research where thehe flow of gas would be easily flow through the ore
average temperature of 100Dis at half the working volume  conditioned layer due to the largest particle volume. But at
of MBF in the wall area. The thickness of the MBF layer at reduction temperature, coal has a larger volume of particles.
temperatures below 108D is shown in Fig. 8. Based on Fig. 8, the thickness of the layer on variable 1 is

2z dominated by coal particles and conditioned ore which have
L W - a large permeability level. While at the center is dominated

M e ' by dolomite particles which has the least permeability level,

: - S— so the gas flow will be more difficult to pass through this
area. However, when compared with variables 2 and 3,
v b— dolomite concentrate in the smaller center area. So in the
. omE 2 = we A e center area, variable 1 has the best gas flow. The good gas
flow in the center is the most desirable for the operation,
because this region is the region with the least heat loss and
the gas flow distribution will be more evenly distributed.
The dominant dolomite thickness is found in variable 2, with
radial length starting from center point to 500 mm from
center. So this variable is not good for sustainability process.
Variable 3 has the highest coal thickness at a distance of 270
mm from the center. While in the center area thickness of
burden materials dominated by dolomite. In the area of the
B o 1 wall up to a distance of 270 mm from the center, the
m A - thickness is dominated by coal and conditioned ore which

Thickness (mm)
s
G
|

Thickness [mm)

1316 1166 916 B&6 ALE 166 Cenire

- = == T e has a smaller resistivity level compared with dolomite. So
S the largest gas flow is in the wall area and a distance of 500
o0 mm from the center. From these three variables, it can be
0 — == — poe —— determined that the best variables are evaluated from the gas
Distance from Centre (mmi stream in regions with temperatures below £@00
Fig. 8. Thickness of burden materials at layer 11-20 belonging to variable 3, since this variable has a resistivity
region (dolomite dominance) against the smallest gas flow.
The thickness of burden materials looks different at  The melting and softening zone, conditioned ore begin to
certain radial positions. In Fig. 8, the trends of the soften and melt at temperatures (1000-£8)@nd dolomite
conditioned ore thickness for the three variables decreases asegin to soften and melt at a temperature of I20M the
it approaches the center area. While the dolomite thicknessiquid phase, these burden materials become a great
trend tends to increase as it approaches the center area. Co@dsistance to the gas flow (small permeability) and the
chart trends is more stable or linear. In the wall area,temperature distribution within the MBF. While coal
conditioned ore has the largest thickness among other burdeparticles play the opposite, these particles remain solid with
materials. While the area between the wall and centerhigh permeability up to the temperatures above (20pGo

Thickness (mm)
g
5
!
]
]
]
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in softening and melting zone, coal is the only solid material deformation type in the three variables is the gravity failure
that function as gas distributor [12]. Fig. 9 shows the MBF that is affected by the instability of the layer. The

layer thickness of temperature higher than 000

distribution of burden materials in Mini blast furnaces is

influenced by large bell size, kinetic energy at impact,

1
E
rae 1166 916 666 ais 166 Centre
Distance from Centre (mm])
2 '.:.l_.'
£
; [1]
1416 1166 816 666 416 166 Centre
Distance from Centre (mm)
[2]
3
‘E‘ N
E wwo [3]
2 1200
E Hy =
= B0
= s
400
[4]
? 1416 1166 ol6 E&6 416 165 Centre
Distance from Centre {mm])
Fig. 9. Thickness of burden materials at layer 1-10 3]
When looking at the trend graph in areas with

temperatures above 100 the thickness of each burden [6]
materials in radial direction show the same conditions with
the area below 1080. In the center area, the thickness of

the layer is dominated by dolomite particles. However [7]
variable 3 have the dominance of the lowest dolomite
thickness. In addition to having the area with the least gas
flow resistance, variable 3 has the largest coal thickness in[8]
radial area with a distance of 416 mm from the center. So the
large gas flow will be concentrated in this area which would [9]
be distributed to upper areas. If it is compared with coke in
Blast Furnace, the pressure drop increased with decreasing
coke layer thickness [14].For layer thickness less thamn,

the pressure drop will be greatly influenced by void of [10]
packed bed [15]. In this case, variable 3 has the largest void
compared to other variables because of the greater portion 0{11]
coal. Thus, the resistance to the gas flow is lower than that
the other variables. This makes the variable 3 is estimated td12]
have a lower pressure drop than the other variables.
Therefore, when considering the area at temperatures abov[el3]
and below 100%C, variables are selected (the best) for the
start-up process when considered the gas flow is variable 3. [14]

V. CONCLUSION

After analyzing the result of the simulation process, we [19]
get some conclusion. If the diameter of large bell is greater,
the impact point during charging process will be closer to the
wall area. Then, the impact area on the surface of the layer
will be the top of the layer. Where, the most influential

1274

particle mass, and patrticle size and layer stability. MBF with

ratio of large bell diameter and MBF inner diameter of 7: 10

(variable 3) has the largest conditioned ore fraction in the
wall area and the largest dolomite fraction in the center area.
The best variable for start-up process by considering gas
flow is variable 3.
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