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Abstract: Mathematical model for mass transfer of chemical reactions on the surface of the smelting bath pit in oxygen

top-blown smelting furnace was put forward. Additionally, one of two mathematical models for mass transfer of chemical

reactions forming copper matte in smelting bath and the other for parameters of smelting process were developed. The ver

ification tests were simultaneously carried out in a pilot scale furnace and the experimental results show that these mathe

matical models are convincing. Thus, these numerical models are reliable to simulate pyritic smelting process for copper

nickel mineral in oxygen topblown furnace.
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1 INTRODUCTION

The idea of refining copper and nickel with
pyritic smelting process in oxygen top-blown furnace
has come into being for its achievement in oxygem
converter of steel making process from 1960s. The
first pyritic smelting furnace with oxygen top-blown
smelting nickel had been put into production at North
Nickel Co. of Russian in 1986. Nowadays, this tech-
nology has been imported and employed in Jinchuan
Nonferrous Metal Co. of China. In the past decades,
the utilization of flash smelting furnace in nonferrous
making has got extensive development. MEI et all ™!
have made great efforts to establish numerical simula-
tion system of reactions process in flash smelting fur-
nace. In this paper, several numerical models on cop-
per-nickel mineral being smelted in oxygen top-blown
furnace were developed. Simultaneously, a series of
verification tests were carried out. The experimental
results show that these numerical models are reliable
to simulate pyritic smelting process for copper-nickel
mineral in oxygen top-blown furnace.

2 MATHEMATICAL MODELS

2.1 Models for mass transfer of chemical reaction
on surface of pit in melting bath

When the coppernickel mineral are smelted in

pyritic smelting furnace with oxygen top-blown, the

oxygen has been blown in molten bath with an oxy-
gen jet at pressure of 0. 98 = 1. 17 MPa. Because of
the oxygen impingement, there is a pit on the top of
the melting bath! ™. The raw minerals are directly
put into the blown oxygen zone of the melting bath.
As a result, the redox reactions of sulphide are going
on, and the materials are smelted. Both the melting
of the materials and the oxidation of the pyrites take
place in the slag layer. It is considered that the oxy-
gen diffuses from the surface of the pit to the slag and
the pyrites diffuse from the slag to the pit surface!”'.
So it may be supposed that the oxygen efficiency can

[1

reach 100% in most conditions! '°'. The oxidation re-

actions proceeding on surface of the pit can be repre-

sented as
_2L02(g): [O]Saluralion (1)
FeS(D) + 3[0] ~ FeO () + SO.(g) (2)
2FeS(D) + 6[0] + 2Si02() —
2Fe0°Si0, (1) + 2S0; (g) (3)
3FeS (1) + 10[0] ~ FesOq4 (1) +
3502 (g) (4)

CwS (D) + 3[0] ~ Cu0 () + SO, (g) (5)
NizS, () + 7[0] ~ 3NiO (1) + 250, (g)

(6)

From a simplification point of view, it can be as-

sumed that the oxidation reactions proceeding on the

surface of pit are simplified as formulas (1), (4),

(5) and (6). The matter balance for O, FeS,
CusS and Ni3S; on the surface of the pit would be
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expressed as follows:

a;t Oaaczo EKCCQ (7
2

aat D, — —k,c.co _ (8)
The boundary and initial conditions are:

=0, s>0, co=0, ¢c;=cip3 (9

s=0, t>0, co=coss €. =Cis} (10)

@:_h de; I _,

at Dy’ 9t ’

s=oo, 1220, co=0, c,=Cyu. an
where

Ci'b:C,ib+ m ./Pi% (12)

100« (m' +m) » M,
The overall flux of oxygen absorption on the
surface of the pit and oxygen content of the chemi-
cal reactions can be calculated with the following

formulas:
S=Jo* A (13
Di * Cip (14)
ZD * Cih
4Tt'h0 3/2—L6_
A=—"2" [( +4h2) 8h3:| (15)

Accordmg to the above mathematical models,
the changes of mass component due to the redox
reactions proceeding on the surface of the pit are as
follows:

d(mpes, /dt=—(3/10)0ps * S * Mgs (16)

d(me,,s /dt=—(1/3)0c,,s * S * Mcy,s (17)

d(mMssZ)/df:—(1/7)31\“332 * S MNissz (18

d(mee,0,, /dt=—(1/10)8ps * S * Mp.0, (19)

d(mcy,0)/dt=(1/3)8cy,s * S * Mcy,0 20)

d(mney /dt=(3/T)8xis, * S * Muo @2n

2.2 Models for mass transfer of chemical reaction
forming copper matte in smelting bath
In the smelting bath, the redox reactions of
sulphide took place not only on the surface of the
pit, but also in the interior of the slag layer with
the ferroferric oxide. Inside the smelting bath, the
reactions are represented as follows;

FeS () + Fe; O, (1) > 10FeO (D4

SO, (g) (22)
FeS (g) + 3Fe; O, (D + 5Si0; (1) —

5(2Fe0 » SiO) (1) + SO, () 23
Cu; O (D + FeS () = Cu, SO+

FeO (D (24)
INIO (D) + 7FeS (D — 3Ni;S, (D +

7FeO () + SO, () (25)

For simplification also, it is assumed that the
reactions forming copper matter in smelting bath
can be predigested as reactions (23), (24) and
(25). And then, the reaction area can be computed

with the following formula:
A'=n+[R -] (26)
According to the above supposition, the mass
content changes of various matters due to the reac-
tions in smelting bath can be deduced as

d(my.,o,)/dt=—A"Dp(cro0,.s—

CFe,0, ) Ml"e o, 27
d(m(u o)/de=—A’ Dp(cey,0,5.s—

CCqu.b) * Mkuz() (28)
d(myo) /dt=—3A'Dplen, s, s —

CNigsZ,b) * Myo (29

d(m}:es)/dt= 7A/DPMF,5 (1/3)[((‘]:%04,5—
Cre,0,.6) T (Ceuys.s — Cpy o) T (7/3) (enys, s

CNiBSZ,b)] (30)
d(mcuzs)/dt=A,DP(CcUzs,s -

CCuZS,b) * M 3D
d(mys, )/ dt=A'Dp (crys, o —

CNiys, b ) ¢ Miys, (32)
d(mFeo)/dt:A’DPMFeo[(lO/”(CFesq,s_

CFez()4,b)+(Ccuzs.s"6cuzs,b)+

(7/3)(6‘1\1;352,s_CngsZ,b)] (33)

2.3 Mathematical models for parameters of con-
verting process
2.3.1 Models for mass 1ngred1ent of converting
process in smelting bath
According to above mathematical models, the
models for mass ingredient of converting process in

slag layer are shown as

d(mp.,0,)/dt= —A/DPMFeaoq [ (cre,0,,s—

CFe304,b)+(1/10)8FeS « S] (34)
d(mCuZO)/dt: _A,DPMCuZO[(CCuZS.S_
CCuZS,b) +(1/3)5Cu25 . S] (35)

d(mio) /de= _3A/DPMNi0[(CNi352 i
CNiSSZ,b)MNiO"i—(3/7)8Ni352 5] (36)

d(mFgS)/dt:_A,DPMFeS[(l/S)(CFe304,S—

CCuZS.b) +(7/3) (CNiasz.s

CFe,0,.b )+ (CCuZS,s -

erigs, ) — (3/10)8ps + S] 37
d(mCUZS)/dt:A/DPMCUZS[(CCuZS.s—

Cewss) —€1/3)8c,s * S] (38)
d (s, )/dt:AIDpMNiSSZ [(CNiSSZ.s— '

CNi3sZ,b)—(1/7)3NiasZ - 5] 3D
d(mro) /dt=A’DpMyeo[ (10/3) (ere 0,0 —

CFe304,b)+(Ccuzs,s_CCuzs.b)+ ;

(7/3) Ceniys, s — Cnigs, ) (40)

2.3.2 Model for temperature on surface of pit
According to heating balance, the model for
temperature on the surface of the pit is.obtained as



in Table 1.

Table 1 Characterisation data for mineral
sample (mass fraction, %)
Cu Ni Fe S Others
67. 38 4,40 3.62 21. 24 3. 36

The experimental tests were carried out in a
pilot scale oxygen top-blown furnace that was de-
signed by the authors of this paper. For the sake of
approaching the operating conditions in practical
production process, we set the experimental condi-
tions after referring to the operating conditions of
Jinchuan Co. The main experimental conditions are
listed as follows. The rate of mineral fed was
7.5t+ h™", and the quartz was put into the molten
bath at the rate of 290 kg « h™'. The oxygen and
heavy oil were consumed at the rates of 867 m® «
h™' and 204 kg » h™! respectively.

At the same time, we utilize the above-foun-
ded models to calculate the various parameters at
different smelting stages.

3.2 Results and discussion

The comparison between the results of the nu-
merical simulation and the verification tests about
the temperature vs time of the slag layer and on
surface of the pit are shown in Fig. 1.

As indicated in Fig. 1, the temperatures on the
surface of the pit are higher than those inside
the smelting bath. From the simulation curves and
the experimental results, it is clear that there are
very small deviations between the simulation and
experiment results. In other words, the numerical
models are substantially reliable,

The simulation values and experimental re-
sults of the concentrations of FeQ, SiQ;, Cu;S and
FeS in slag versus smelting time are reported in
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follows:
k. T,k TDA 2000
Ts=[Ql+((kZ+:_)A DA 4D 'S — Calculating result
¢ T 1800 *.» Practical result

2.3.3 Model for temperature of smelting bath O

According to the heating balance again, the g 1600 . . .
model for temperature of smelting bath is ex- s

[

pressed as follows: g 1400 ¢ R .

dT._ Q+Q.+e+Q. - z//"

dt =~ (m'+m) v c,4+m, * ¢, 1200 ¢
3 COMPARISON BETWEEN NUMERICAL SIM- 1000O 5 10 15 20 25 30

ULATION AND RESULTS OF VERIFICATION Time/min
TESTS
Fig.1 Temperature of smelting bath and

3.1 Experimental surface of plt vs time

The mineral samples are fine copper-nickel 1—Temperature on S“rfac_e of pit;
mineral provided by Jinchuan Nonferrous Metal 2—Temperature in smelting bath
Co, China. And its characterization data are shown Figs. 2 -5, respectively.
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— Calculating result
62 ® Practical result
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Fig.2 Concentration of FeO in slag vs time

40
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301

25¢
— Calculating result

2 1' ¢ Practical result

Concentration of SiO, in slag/%
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Time/min

Fig.3 Concentration of SiO, in slag vs time

Fig. 2 shows good agreement between experi-
mental and numerical values of FeO fraction in slag
As indicated in
Fig. 2, the numerical results are within the two
values of experimental determination, The agree-
ment is expected since the numerical simulation is
conducted under practical operating conditions.

layer during smelting process.

But, as we all know, the practical smelting process
always has unpredictable factors. Thus, the dis-
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Fig.4 Concentration of CuyS in slag vs time
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Fig. 5 Concentration of FeS in slag vs time

crepancy between the experimental and numerical
data is inevitable.

Figs. 375 also suggest that there are only small
deviations between the calculation values and the
practical results of the SiO,, Cu,S, FeS contents in
slag. Although discrepancy exists, the maximum dif-
ference between the experimental and numerical val-
ues is less than seven percent. So these numerical
models are convincing to simulate the smelting behav-
iors of copper-nickel mineral in oxygen top-blown fur-
nace. It is supposed that the models founded in this
paper can be used to predict the smelting process and
outcome of copper-nickel mineral in top-blown fur
nace.

4 CONCLUSIONS

A series of mathematical models of pyritic smelt-
ing process for copper-nickel mineral in oxygen top-
blown furnace were put forward. In order to testify
the reliability of these models, the verification tests
were performed in a pilot scale furnace. As a result,
the experimental results kept in good agreement with
those of the mathematical simulation. It is evident
that these numerical models are reliable to simulate

the pyritic smelting process for copper-nickel mineral
in oxygen top-blown furnace.

NOMENCLATURE

A —boundary area of pit, m?;

A’ —boundary area of reaction in slag, m?;

¢; —molar concentration of 7, kg/kmol;

co —concentration of [ O], kmol/kg;

¢4, ¢qspecific heat of slag and gas, kJ/(kg*
K);

c¢ip, —concentration of ¢ in slag, kmol/kg;

Cos, Cis —concentration of oxygen and i on sur
face of pit, kmol/kg;

ciy — concentration of i in slag before Az, kmol/
kg;

D —diffusion coefficient of the matter in slag,
m/ s;

Do, D; —diffusion coefficients of oxygen and 1,
m/ s;

ho —maximum depth of pit, m;

1 —FeS, CuzS, Ni3Sy;

Jo —molar flux of oxygen, kmol/(m?**s);

ki —reaction coefficient, kg/(kmol®s);

M ; —molar mass of i, kg/kmol;

s —perpendicular distance on surface of pit, m;

P; —percentage of i in mineral, %;

Q¢ —rate for releasing heat of forming copper
matte in slag bath, kJ/s;

Q1 —heat transfer rate from surface of pit to
slag, kJ/s;

(Q w —ate of releasing heat of oxidation reaction,
kJ/s;

Q) —ate of loss heat, kJ/s;

R —radius of smelting bath, m;

r —radius of pit, m;

S —overall molar flux of absorbed oxygen on
surface of pit, kmol/s;

t —time, s;

Ty, T, T,—temperature of gas, slag and sur-
face of pit, K;

m —mass of matter input at A¢, kg;

m; —mass of i in slag, kg;

m —mass of gas, kg;

m’ —mass of overall matter in slag before At
kg

k4, kq—heat transfer coefficients of slag and gas,
kJ/ (m**S*K);

§ —distributive coefficient of i;

P—density of slag, kg/m’;
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