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Abstract: A mathematical model of multistage and multiphase reactions in flash smelting furnace, which based on the description

of chemical reactions and reaction rate, is presented. In this model, main components of copper concentrate are represented as

FeS; and CuFeS based on experiment, intermediate products are assumed to be S, and FeS, and the final products are assumed as

FeS, FeO, SO,, CuS, FeO and FeO(SiO) 2. The model incorporates the transport of momentum, heat and mass, reaction kinet-

ics between gas and particles, and reactions between gas and gas. The k-€ model is used to describe gas phase turbulence. The

model uses the Eulerian approach for the gas flow equations and the Lagrangian approach for the particles. The coupling of gas and

particle equations is performed through the particle source in cell( PSIC) method. Comparison between the model predictions and

the plant measurements shows that the model has high reliability and accuracy.
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1 INTRODUCTION

The flash smelting process is widely used throughout
the world for copper production, accounting for about
50% of global capacity for primary copper production. It
is based on the utilization of the heat released by oxidation
reactions of the sulfuric concentrates. The feed mixture in
flash smelting process is fed through the concentrate burn-
er into a reaction shaft. Then the concentrate particles re-
act with gas phase to a predetermined oxidation degree.
After the reaction shaft, the particle-gas suspension flows
to the settler, where the particles ( drops) separate from
the gas and form slag and matte layers on the bottom of
the settler.

Numerical modeling of fluid field, temperature field
and concentration field in flash smelting furnace make it
possible for production enhancement, energy saving and
increasing the lifetime of concentrate burner and reaction
shaft'"™" . During 1980s, Themelis'* and Sohn!”™! made
valuable 1-D or 22D modeling efforts on mathematical
modeling of fluid flow and heat transfer in a flash smelting
furnace shaft. Recently, many modeling studies have
been performed in Commorrwealth Scientific and Industri-
Australia  and  Out-

1. These studies had too many assumptions

al Research  Organization,
okumpu[ 10K
and still kept in laboratory research stage, and none of

them passed the plant test and used to direct or optimize
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the production.

2 CONCENTRATE MULTISTAGE REACTION
MODEL

The heat sources in flash smelting furnace are the
oxidation reactions of iron and sulfur in concentrates.
Most researchers took the reactions in flash smelting fur-
nace as one-step reaction. This assumption could simplify
programming, but it caused that the temperature of parti-
cles were higher than the real temperature and the accura-
cy of model was reduced. This paper used three stages to
describe reactions in flash smelting furnace.

1) The decomposition reactions occur after the
particle s temperature reaches the decomposition one. The
decomposition reactions are endothermic and produce the
intermediate products, namely FeS and Sy:

FeS,= FeS+ 1/2S, (1)

2CuFeS,= CupS+ 2FeS+ 1/2S, (2)

2) The labile sulfur from the chalcopyrite and pyrite
combusts with the oxygen and releases heat to the gas
phase. Partial FeS combusts with the oxygen and products
FeO and SO,. At the same time, reaction releases heat to
the particles directly:

S+ 202= 250, (3)

FeS+ 3/20,= FeO+ SO, (4)
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3) Slag blow reaction:

FeO+ 2Si0,= FeO(SiO3) 2 (5)

Oil is necessary when the combustion heat of con-
centrate could not meet the need of the flash smelting pro-
cess:

C.Hy+ (x+ y/4) 0= xCO2+ y/2H,0 (6)

The thermal decomposition rate of sulfur from con-
centrate is computed from the following expression:

Rs, aw= Rs res,+ Rs cures,

= oy Td) Pk i, Fes, + w7t} O,k g, cures, (7)

where Ry, Fes, and Rs, CuFes, are decomposition rates of
FeS; and CuFeS;, a; and ay are masses of labile sulphur
per kilogram sulphide in FeS; and CuFeS;, d, is the par
ticle diameter, 0, is the density of particle.

F dis, Fes, and kg, CuFes, are overall rate coefficients

for decomposition reactions of Sy from FeS; and CuFeS;:
1 _ 1 dn( dn_ dcl) dtz)
kdis, Ft:Sz_ kS, d 2dchS d%ﬂﬁs, Ft,S2

do(dy— do) d;
2dchS

(8)

T
kdis, CuFeSz kS, d

5
derks, cores,

(9
where ks, qis mass transfer coefficient of sulphur, Ds is

diffusivity of sulphur, ks, res, and ks, cures, are decompo-
sition rate coefficients of liable sulphur in FeS, and
CuFeS,.

These rates are computed with Arrenewuz. di is a
diameter of an unreacted chalcopyrite or pyrite core, as
shown in Fig. 1. kg 41is estimated from the following cor-

relation:
Sh= 2+ 0. 6Re”*Sc"? (10)
where Sh is Sherwook number, Sc is Schmidt number,

Re is particle Reynolds number.

ch

[ Reacted part
Decomposed part
Il Uoreacted core

Fig. 1 Particle reaction core model

Ds can be calculated by the following equation:

1 1|
12p1.75
101 x 107277 o+ W,

= 11
NP NS T

W< and WN2 are relative molecular mass of sul-

D

where

phur and nitrogen, Vs and ZVN2 are critical volume of
sulphur and nitrogen in standard boiling point, p is pres-
sure.

R o is the oxygen consumption rate of FeS:

Ro= T} Opkox, o Yo, (12)
kox, ov 1s overall rate coefficient for oxidant reaction
of FeS:
1 L, du(dy= do) d;
kel 2daDe  dbke, i

kox, ov
where ko 4 is mass transfer coefficient of oxygen and

(13)

estimated from Eqn. (10), D, is diffusivity of oxygen,
ko, dis are decomposition rate coefficients of oxygen, d«
is diameter of thermally decomposed sulphide.

D  can be calculated by
12

1L, L
Wo, " Wy,

2

ol ( Zvo) 2+ ( Ty’

where  Wo, is relative molecular mass of oxygen, ZVO2

1. 01 x 107 2717

Do = (14)

is critical volume of oxygen in standard boiling point.

3 GAS PHASE EQUATIONS

The gas phase is viewed from Eulerian framework.
The steady state equations take the following general

form:
é%( g ®) + é%( Covg ®) + _a%( Paw g #) -
¢ ¢ ¢
22l 2ngh= s
(15)
where [, is gas density, ['¢ is exchange coefficient for

variable @, S is source or sink term, ¢ is variable.
Table 1 shows all the gas phase governing equations. The
standard £-€ model was used to represent gas phase tur-

bulence.
Ou 2 | 2wy 2 | Qw2

_ ==L ~=g Yy

C= ”‘M ) 1oy o) 17
Ou, Ov)? | 0w, owl? |00, ow 2]

(16)

L= Ly L (17)
U= CuRkY € (18)

Gas combustion used Eddy Break-up model and the

sources was computed using the following equations:

/4
‘ £ b,
Se= = B2, 6| E;BI .
Yo, Yso,
YSZ’ Wo ’ 114
min 2_0Z i 2_0Z (19)
Ws, Ws,
Yy VWso, v
Sg0=—2 Ws S5 (20)
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Table 1 Gas phase equations
Equation ¢ Iy g*
Continuity 1 0 Sy
Ou Q0 . Ov, 0 2 0
) ue _ alQ _a Oug vhe _ i QL
X momentum Ug , ot a( e O )+ dy ( M. a%)+ az(lle a%) 3 a%(psk)+ Pog.+ Sp+ St
Ouy 0., Ovy 2 2 0
. l,le _ a}l —a Cug —X _ v v
Yy momentum Vg , dy + 5y (K * dy )+ dy (B, ay)+ az(llH ay) 3 ay(pgk)+ Pog,+ SH+ St
, " _a,a 0 2,, 0 0, Ow, 20
& momentum “ ¢ 0zt Ox (He az) ay( He az)+ az(ue 0z ) 3 az(p%k)-l- Peg:+ Spt S
.Tul.rbulen[ P 2N C- pe
kinetic energe G%
issipati B
Db%lpall()n e ? (%Vk)(ClG— Czpi%e)
rate 3
Gas.mass Y, B Shy S
fraction Y; Oy . 5
l']’ () L .
Enthalpy hy ?}: Qht Qit u, %‘L+ v, %Q+ W, %Q+ She St

Uy, Uy, wgare velocities in direction x, y and z; g., g, g are gravity acceleration in direction x, y and z;

B, B, Pare effective gas viscosity, turbulence

viscosity and laminar viscosity; Sjp, S/g are particle source term and gas source term gotten from equation; O is turbulent Parndtl number; ¢ represent the S, O,,

S0,, C,H,, H,0, CO; in gas mass fraction Y;.

Sg(Yu‘ —-

(21)

(22)

(23)

4 PARTICLE PHASE EQUATION

The particle phase is viewed from a Largrangian
framework. The first goal of the Largangian approach is to
locate the particles along their trajectory in the flow field.
This is performed by solving the particle equation of mo-
tion.

dv,

mp dl = CngI Uu,—

Ag
vl (= ) 5+ myg

(25)
where m, is mass of particle, v, is velocity of particle,
u, is velocity of gas, A4 is the profile area of particle,
Cp is drag coefficient and computed from the following
correlation:

Cp= 24(1+ 0. 15Re* ™)/ Re (26)
Re is the particle Reynolds number and defined in
Eqn. (27):

Rl u,— vld,

Re= n (27)
particle energy equation:
dT,
mpcp p g, = =H+ H+ H, (28)
where ¢, , is specific heat capacity of the particle, T,

is temperature of particle, H . is convective heat source for
a single particle, H , radiative source for a single particle,
H  chemical reaction heat source.
H . is given by
H.= Nu*TMd,(T,-T,)

where

(29)
A is the gas thermal conductivity, 7', is the temr
perature of gas.

Nu is the Nusselt number which can be expressed as

Nu= 2.0+ 0. 6Re%5( 1* )1/3 (30)

where  Re, is Reynolds number of gas, ¢, is the specific

heat capacity of gas.
H . is given by
H.= §7d; Q (31)

€ is paltlcle emissivity, G is irradiance, O is

4
- @y

where
Stefarr Bolzmann constant.
H , is given by
dm;
i (32)

AH ; is total heat of reaction per unit mass of re-

H= N,

where
actions, m; is mass of different particle composition.

S OVERALL SOLUTION ALGORITHM

Fig. 2 shows the overall PSIC strategy to solve the
gas and particle equations. All input data were read in-
cluding details of gas and particle compost
tions, particle sizes, boundary conditions and
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Fig.2 Overall solution algorithm of

mathematical model

properties of particle and gas. A first assumption of the
source terms in the gas phase equations to zero is made,
and gas equations are solved in Eulerian framework under
this assumption. When the Eulerian equations are con-
verged, the particle equations are calculated in La
grangian framework and the reactions of particle are calcu-
lated. New source terms for all gas phase equations are
computed and these source terms are under-relaxed before
returning to the Eulerian calculations. One cycle of the
algorithm in which the Eulerian calculations are converged
and the Lagrangian calculations are computed in the new
source terms is called a particle-iteration. Overall conver-
gence is achieved when the source terms do not change
from one particle-iteration to the next.

6 VERIFICATION OF MODEL BY PLANT TEST

It s essential to make assumptions and simplifications
in modelling. However, some assumptions and simplifica
tions will cause the great error between the fact and calcu-
lated result. Plant test is the best method to verify the
model. The most important factor is temperature in flash
smelting furnace, so comparison between the calculation
temperature and real temperature in flash smelting furnace
can verify the accuracy of model. Table 2 and Fig. 3 show
the comparison between plant test temperature and calcu-
lation temperature in Guixi Flash Smelter and Jinlong

Flash Smelter.

Table 2 Comparison between plant test
temperature and calculation temperature

in Guixi Flash Smelter

Distance from reaction Test Calculation
shaft top/ m temperature/ K temperature/ K
1.5 1 546 1571
2.0 1 540 1 568

1635

1630 4 — Pant test

— { &
1625 | Calculation

1620
1615

Temperature/K

1610 &

I 605 1 1 i L L L
0 1 2 3 4 5 6 7

Distance from top/m

Fig. 3 Comparison between plant test

temperature and calculation temperature
in Jinlong Flash Smelter

Table 2 shows that the error between temperature of
plant test in Guixi Flash Smelter and calculation tempera-
ture is less than 30 K. Fig. 3 shows that the error between
temperature of plant test in Jinlong Flash Smelter and cal-
culation temperature is less than 10 K. It is concluded
that the mathematical model is reasonable and is able to
be used to study the flash smelting process. This model is
also able to be used to optimize operation in flash smelting

furnace.
7 CONCLUSIONS

1) A description of multrstage and multiphase
chemical reaction in flash smelting furnace is set up, and
this description is more better than the fore assumption of
one-step reaction.

2) A fully three-dimensional, turbulent and multi-
phase model using momentum, mass, heat transfer and
chemical reactions of the copper flash smelting furnace as
parameters has been developed. This model is accurate
and can be used to direct and optimize the production of

flash smelting furnace.
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