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Analysis on the Melting Point Measurement Uncertainty of High-Lead
Slag in Copper Removal Anode Slime Smelting

HU Ailin,ZHAO Junxue, XIN Xin, WANG Ze,KANG Yi,ZHANG Xiaotian,CUI Yaru, LI Bin

(School of Metallurgical Engineering,Xi’an University of Architecture and Technology,Xi'an 710055, China)

Abstract: In the process of melting point measurement of high-lead slag in copper removal anode slime smelting,
the results may deviate from the "true value" due to evaporation (referred to as “uncertainty”). In this article,
high-lead slag produced by the Kaldor furnace process for copper removal anode slime smelting was taken as object,
a method was suggested to predict the timely slag composition during the heating process based on evaporation
mechanism,and to use the timely slag composition to correspond to the measured melting point to eliminate the effect
of evaporation. The FactSage 7. 1 software was used to calculate the melting point of the smelting slag and the AG of
the evaporation reaction, the melting points were measured by the hemisphere method,and the weight loss of the slag
samples were measured by TG. The results show that the weight loss of lead-containing slag at high temperature is
mainly caused by the evaporation of PbO and a small amount of Bi,Os;, As,O;, TeO,, SeO, and Sb,O; . The
evaporation is obvious at the high temperature of 950 —1 200 C. when the PbO content is 14.52%,25.07%,
28.75% and 41.25% respectively, the slag evaporation rates can reach 35.25%,49.48%,55.92% and 58.39%
respectively. The melting point calculated by FactSage is higher than the measured hemispherical point and flow

temperature. The measured hemispheric point temperature and flow temperature of the high-lead slag smelted from
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copper removal anode slime correspond to the timely slag composition (based on the calculation of the original slag

composition and evaporation weight loss), and a new composition-melting point relationship closer to the “true

value” is obtained.

Key words: copper removal anode slime; high-lead smelting slag; evaporation; melting point; measurement

uncertainty
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Table 1 Main components of high lead slag from copper removal anode slime smelting /%
Component PbO Na, O BaSO, As, O3 TeO, SeO), SiO, Biy O4 Sh, O3
1# 14. 52 39. 26 52. 14 7.63 1. 39 0. 31 0. 80 1. 20 0. 65
2% 25.07 29.93 40. 29 6. 45 1.17 0. 31 2.79 4. 84 2.98
3¢ 28.75 29. 98 30. 64 6. 85 1. 26 0. 35 3.25 6. 05 3.39

44 41. 25 11. 19 17.54 8. 69

0. 20 0. 49 8. 16 12.02 6.48
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Fig. 1 The relationship between standard Gibbs free

energy and temperature of smelting slag volatilization reactions
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Fig. 2 Theoretical calculation of the evaporation rates of the volatile components and the weight loss rate of

14 —4# high-lead slag at 600—1 200 C
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Table 2 Hemispheric point temperature, flow temperature measurement results and weight loss

No. PbO content/ % Hemispheric point temperature/ C ~ Weight loss rate/%  Flow temperature/ C ~ Weight loss rate/ %
1# 14. 52 855 0. 54 950 1. 08
24 25.07 936 1. 27 1069 4.47
3+ 28.75 933 1. 81 1076 5.62
4# 41. 25 994 4.16 1135 10. 47
—B— Factsage theoretical calculation value BF 19 J5 5 AT B A2 : FactSage #US 15 45 R 2 & Tk

1200 - —A— Measured value of flow temperature
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Fig. 3 Comparison between hemispheric point temperature,
flow temperature and Factsage theoretical melting

point of high-lead slag
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Table 3 Different PbO contents slag samples with in experiment and FactSage theoretical calculation of

hemispheric point temperature weight loss rate /%

Weight loss rate of ~ Weight loss rate of Calculation of

Theoretical calculation of weight loss rate of volatile components

No. melting point TG measurement weight loss rate

measurement process process by factage theory PbO Bi;: O AsiOg Sb, O TeO. SeO;
1+ 0. 54 1.18 10. 48 8. 84 0.13 0. 35 0. 47 0. 47 0.23
24 1.27 1.72 25.12 17. 30 2.63 2.27 2.22 0. 47 0.23
3 1. 81 2.77 28.69 19.76 2.97 2.65 2.52 0.52 0. 26
44 4.16 4.51 51.58 34.92 10. 20 0. 37 5.51 0.17 0.41

R4 AE PO EESEHEETZIF FactSage ML T EhRIBEELREENT L

Table 4 Different PbO contents slag samples with in experiment and FactSage theoretical calculation of

flow temperature and weight loss rate /%

Weight loss rate of =~ Weight loss rate of Calculation of

Theoretical calculation of weight loss rate of volatile components

No. melting point TG measurement weight loss rate

measurement process process by factage theory PbO Bi; O3 AsyOg Sby Og TeO; SeOy
1# 1.08 2.30 12. 34 10. 19 0. 40 0.59 0. 47 0. 47 0.23
24 4. 47 7.34 27.17 18. 37 3.61 2.27 2.22 0. 47 0.23
34 5. 62 10. 34 31. 64 21.07 4. 50 2.77 2.52 0.52 0. 26
44 10. 47 12.72 52.30 34. 94 10. 20 1. 06 5.51 0.17 0.41
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Table 5 Correction results of hemispheric point temperature and flow temperature of high-lead slag smelted from copper removal

anode slime

No. Contents/ % - - Temperature/ C
PbO Na, O BaSO, As; Oy TeO; SeO, SiO, Bi; O3 Sh; O3

1# 14.52 39. 26 52. 14 7.63 1. 39 0. 31 0. 80 1. 20 0. 65 —
1#£-RB 14. 06 39.47 52.42 7.67 1. 40 0. 31 0. 80 1. 21 0. 65 855
1#-RL 13.59 39. 69 52.71 7.71 1. 41 0. 32 0. 81 1.21 0. 66 950

2% 25.07 29.93 40. 29 6.45 1.17 0. 31 2.79 4. 84 2.98 —
2#-RB 24. 11 30. 32 40. 81 6. 54 1. 18 0. 31 2.83 4.91 3.02 936
2#-RL 21.57 31. 33 42.17 6.75 1. 22 0. 32 2.92 5.07 3.12 1069

3 28.75 29.98 30. 64 6. 85 1. 26 0. 35 3.25 6.05 3.39 —
3#-RB 27.43 30. 54 31. 20 6.98 1. 28 0. 35 3.31 6.16 3. 45 933
3#-RL 24.50 31.77 32. 46 7.26 1. 34 0. 37 3.45 6. 41 3.59 1076

4£ 41. 25 11.19 17.54 8. 69 0. 20 0.49 8.16 12.02 6.48 —
4#-RB 38. 70 11. 67 18. 30 9.07 0.21 0.51 8.51 12.55 6. 77 994
44#-RL 34. 38 12. 50 19.59 9.70 0.23 0. 54 9.11 13.43 7.24 1135

Note:-RB means the hemispherical point temperature corresponds to the timely composition of the slag,-RL means the flow temperature
corresponds to the timely composition of the slag

Nonferrous Metals Design,2000,27(2) :19-24.
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