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Thermodynamic modeling of lead blast furnace
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Abstract: A thermodynamic model was developed to predict the distribution behavior of Cu, Fe, S, O, Pb, Zn,
As, and the heat balance in a lead blast furnace. The modeling results are validated by the plant data of a lead smel-

ter in Kazakhstan. The model can be used to predict any set of controllable process parameters such as feed composr

tion, smelting temperature, degree of oxygen enrichment and volume of oxygermr enriched air. The effects of the blast

air, industrial oxygen, and coke charge on the distribution of Cu, Fe, S, O, Pb, Zn, As, the heat balance, and the

lead loss in slag, were presented and discussed.
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1 INTRODUCTION

Thermodynamic models can help engineers to
better understand the relationship between the op-
erating parameters and products, and to optimize
the operating conditions of the furnaces. The au-
thor and his co-worker have developed thermody-

. . 1, 2
namic models of nickel process'"?, copper
3 . 4 ¥ s
process’”, direct lead process'®, and dioxin for-
[5. 6]

mation in thermal processes'™ . Many metallurgi-
cal processes, such as nickel flash smelting, nickel
direct high-grade matte smelting, copper Isasmelt,
copper flash smelting, Mitsubishi copper smelting,
QSL lead smelting,

KIVCET lead smelting, and dioxin formation in i

Noranda copper smelting,

ron ore sintering have been simulated.

Several different approaches to lead blast fur-
nace have been reported” ™. But the distributions
of main elements in lead blast furnace have not
been understood well. In this work, a thermody-
namic model of a lead blast furnace is developed to
assist in understanding of the process chemistry
and optimizing the performance of blast furnace.

FactSage software'"! has been used in the work.

2 PROCESS PARAMETERS

The compositions of the sinter and coke,
which were used in the blast furnace at this lead
smelter in 2003, are listed in Tables 1 and 2, re
spectively. The volume of blast air and the amount of
coke charge, and heat loss are shown in Table 3.

3 VALIDATION OF THERMODYNAMIC MODEL

These parameters are input into the thermo-

@® Received date: 2004 ~ 09 = 29; Accepted date: 2004~ 11~ 15

Table 1 Mineralogical compositions of sinter

Parameter Value Parameter Value
PbS 0.90% Cu20 0.93%
PbSO4 17.28% Cuz2S 2.60%
PbO * SiO, 23.35% Cuz0 * Fex 03 0.49%
PbhO * Fe, 03 1.23% FeO 2.74%
ZnSOy4 0.30% Fe203 3.91%
ZnO * Si0» 7.21% Si02 7.59%
ZnS 0.16% Ca0 7.29%
Zn0 * Fe, 03 20. 48% As 0.50%
Table 2 Compositions of coke
Parameter Value Parameter Value
C 85.00% Ca0 0. 64%
Fex 03 2.32% MgO 0.57%
Si0, 6.79% AL O3 2.81%

Table 3 Operating parameters of
lead blast furnace

Parameter Value
Sinter charge 38.5t/h
Coke charge 6.3t/h
Blast air 30 000 m*/ h
Industrial oxygen 500 m*/ h
Temperature of blast air 40 C
Heat loss from cooling water 9.1x10" J/h

dynamic model. The modeling results are com-
pared with the plant data of 2003, and the compar-
ison is shown in Table 4. It shows that the model-
ing results for the slag and lead bullion are in good
agreement with the plant data.

According to Table 4, the prediction of matte
phase is not very good, but it has only little effect
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Table 4 Comparison between modeling results and plant data of 2003 (mass fraction, %)
Slag Model data Plant data || Lead bullion Model data Plant data M atte Model data  Plant data
Pb 1.58 1.59 Pb 96. 8 95:9 Pb 51.3 11-26.4
Cu 0.16 0.57 Cu 2.3 Cu 19.5 10.7-40.9
As 0.05 0.07 As 0.97 0.92 As 0.2 1.6
FeO 30. 15 30.36 Fe 0. 008 0. 007 Fe 8.9 9.8723.1
Zn0O 16.9 17.7 Zn 0. 06 0. 06 Zn 9.8 4.4-12.4
CaO 12.9 13.3 Sh 1.0% 0.9% 5 15.4 6.9712
Si02 25.6 22.1
FeO+ ZnO+
Ca0+ Si0, 85.55 83.46
on the precision of the whole modeling results. 16
X
4 MODELING RESULTS AND DISCUSSION 12
8
4.1 Effect of coke on charge £ ol
The modeling results for the different coke on s
charges at constant blast air (Flow rate of blast air § o 8
is 30 000 m’/h, flow rate of industrial oxygen is E
500 m’/ h) are shown in Figs. 1~ 3. 2 ;|
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Fig. 1 Effect of coke charge on average ~§
temperature of main reaction area blast air 2 =
and industrial oxygen =
A decrease of coke on charge will lead to an 20
increase of the smelting temperature, as shown in
s . _ 0 i ; :
Fig. 1, as the reactions 2PbO(s) + C= 2Pb(1) + 50 55 6.0 6.5 70

CO:2 and 2Fe203(s)+ C= 4FeO(1)+ CO:2 are endo-
thermic. A decrease of the coke on charge also re-
sults in an increase in lead content of slag and the
distribution of lead to slag (or the lead loss in the
slag), and a decrease of the lead distribution to
lead bullion ( or the recovery rate of lead), as
shown in Figs. 2 and 3.

4.2 Effect of blast air

The modeling results for different blast air
rates and four levels of coke on charge (6.3, 6.0,
5.7 and 5. 4 t/h) are shown in Tables 5~ 8, re

spectively.

Coke charge/(t-h™1)

Fig. 3 Effect of coke charge on distribution of
lead in matte, lead bullion, slag and off-gas at
constant flow rate blast air and industrial oxygen

When coke on charge is constant, an increase
in blast air rate will lead to the results as follows.
1) An increase in the smelting temperature, as
shown in Fig. 4. 2) An increase of the content of
lead in the slag, as shown in Fig. 5. 3) An increase
of the distribution of lead in the slag (or the lead
loss in the slag), and a decrease of the lead distrr
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Table 5 Modeling results for different volumes of
blast air at constant coke charge of 6.3 t/h and sinter charge of 38.5t/h
Flow ratg& of blast air/  Temperature/ Mass fraction of P distailmiin. fn phases/ %
o ! A : -]

(m™=h™7) ¢ P in slag/ % Off-gas Slag Lead bullion M atte
30 000 1052 0.5 0.3 2 82 15.7
31 500 1115 1.0 0.5 2 78 19.5
33 000 1167 1.7 1.3 3 75 20.7
34 500 1212 2.7 3.4 6 72 18.6
36 000 1251 4.3 6.0 8 69 17.0
37 500 1276 5.7 7.0 11 68 14.0
39 000 1297 7.2 9.0 14 66 11.0

Table 6 Modeling results for different volumes of
blast air at constant coke charge of 6.0t/ h and sinter charge of 38. 5t/h
Flow rate of blast air/ T emperature/ Mass fraction of Pb distribution in phases/ %
(m*<h™ ") C Pb in slag/ % i
Off-gas Slag Lead bullion M atte
27 000 961 0.02 0.04 0.4 86.4 13.2
28 500 1032 0.04 0.2 0.8 82.6 16. 4
30 000 1098 0.1 0.2 1.7 78.0 20.1
31 500 1152 2.0 0.4 3.2 74.0 22.4
33 000 1198 3.0 1.2 5.6 72.0 21.2
34 500 1236 5.0 3.0 9.0 69.0 19.0
36 000 1261 6.5 5.4 12.3 69.0 13.3
37 500 1282 8.2 8.7 16.1 68.0 7.2
39 000 1299 10.3 13 20. 8 55.0 11.2
Table 7 Modeling results for different volumes of
blast air at constant coke charge of 5.7 t/ h and sinter charge of 38. 5t/h
Flow rate of blast air/ T emperature/ M ass fraction of Pb distribution in phases/ %

(m*<h™ ") (e Pb in slag/ % ;

Off-gas Slag Lead bullion M atte
27 000 1012 0.5 0.01 0.8 82.7 16.49
28 500 1075 1.0 0.07 1.7 77.0 21.23
30 000 1141 2.2 0.4 3.8 71.62 24.18
31 500 1188 3.9 1.24 7.0 68.0 23.76
33 000 1219 5.7 2.7 10.5 68.5 18. 30
34 500 1245 75 4.9 14.5 69.6 11.00
36 000 1266 9.8 8.0 19.4 67.8 4. 80
37 500 1282 12.2 12.0 25.5 62.5 0
39 000 1302 17.7 21.9 39.7 38.4 0

bution in the lead bullion (or the recovery rate of
lead) , as shown in Tables 5~ 8.

4.3 Optimization of coke charge

Three parameters will be considered for the
optimizations of coke charge as follows. 1) The av-
erage smelting temperature should not be below
1100 C. Otherwise some solid solutions will

precipitate from the liquid slag, will increase the
slag viscosity, and could result in the difficulty of
the slag tapping. 2) The lead content in slag and
the distribution of lead in slag should be low. 3) The
distribution of lead in lead bullion should be high.
The optimizing results are summarized in
Tables 5~ 8, and are shown in Table 9. The pre
sent coke charge is 6. 3 t/ h, and it could be decreas
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Table 8 Modeling results for different volumes of
blast air at constant coke charge of 5.4 t/h and sinter charge of 38.5t/h

Pb distribution in phases/ %

Flow rate of blast air/  Temperature/  Mass fraction of
(m®=h™") = Pb in slag/ % Off-gas Slag Lead bullion Matte
28 500 1120 2.21 0.20 3.9 71.5 24.4
30 000 1168 4.16 1.00 7.5 67.2 24.3
31 500 1195 5.67 1.80 10.5 68.0 19.7
33 000 1227 8. 36 4.10 16.2 68. 8 10.9
34 500 1249 11.00 7.00 2.1 66. 4 4.6
36 000 1266 14.00 10. 95 25.6 59.5 0
37 500 1287 20.20 20. 10 25.6 59.5 0

Table 9 Optimizing results for lead blast furnace( sinter charge: 38.5t/h)

1t ate of T —
Coke charge/ o I‘dt‘t‘ ? Temperature/ Mass fraction of Pb distribution in phases/ %

i blast air/ C Pb in sl

(teh) (m**h ") > in slag/ % Off-gas Slag Lead bullion M atte

6.3 33 000 1167 1.70 1.3 3.0 75.00 20.70

6 31500 1152 2.00 0.4 3.2 74.00 22.40

9.7 30 000 1142 2.20 0.4 3.8 71.62 24.18

5.4 28 500 1120 2.21 0.2 3.9 71.50 24.40
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Fig. 4 Effect of flow rate of blast air on

. . Fig. 5 Effect of flow rate of blast air on lead in slag
average temperature of main reaction area

ed 10 5.7- 6 t/h. At the same time. the blast air constant at 2%, a decrease of coke on charge will

should be decreased accordingly, as shown in Ta-
ble 9. If the coke charge is decreased to 5.4 t/h,
the smelting temperature could be too low, and
some tapping problem of slag could occur.

lead to a decrease of the smelting temperature, as
shown in Fig. 6. If the smelting temperature is too
low, the slag could be difficult to be tapped be
cause of the high viscosity.

There exists difference between Fig. 1 and
Fig. 6 should be noted. In Fig. 1, a decrease in

4.4 Eff f lity of cok
ect of amount and. yuality of eole coke on charge will lead to an increase in the smel-

When the coke on charge decreases and the
lead content in slag is held constant at 2%, the re-
lation betw een coke on charge and average smelting
temperature in the reaction zone is shown in Fig. 6.

When the percentage of lead in slag is held

ting temperature when the blast air is constant. In
Fig. 6, a decrease of coke on charge will lead to a
decrease in the smelting temperature when the lead
content in slag is held constant at 2% .

The quality of coke is also an important
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Fig. 6 Effect of coke charge on

average temperature of main reaction area

parameter for the operations. Poor coke quality
will result in reduced smelting temperature, and
slag tapping difficulties.

5 CONCLUSIONS

1) The thermodynamic model of lead blast
furnace is developed, and the model is validated a-
gainst the plant data from the lead smelter. The a-
greement between the modeling results and the
plant data is good.

2) The effects of the coke charge and the blast
air on the average smelting temperature, the per-
centage of lead in the slag, the distributions of lead
and zinc among slag, lead bullion, matte and gas
have been simulated.

3) The decrease of coke charge will lead to the
increase of the average smelting temperature, and
also result in the increase of the mass fraction of
lead in the slag and the distribution of lead in the
slag (or the lead loss in the slag), and the decrease
of the lead distribution in the lead bullion (or the
recovery rate of lead).

4) The increase of flow rate of the blast air
will lead to the increase of the smelting tempera-
ture, and result in the increase of the content of
lead in the slag. The increase of volume of the

blast air will also lead to the increase of the distri-
bution of lead in the slag (or the lead loss in the
slag), and the decrease of the lead distribution in
the lead bullion (or the recovery rate of lead).
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