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Fig.1 TG curve and DTG curve of anodic carbon

slag under air atmosphere with different heating rates
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Fig.4 Model of the non-homogeneous ignition

mechanism of anode slag
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Table 3 Coats —Redfen integral method mechanism function fitting results

- TH A/ MM X RE R
(K-min~") D, D, D, A, A, R, R, C,
10 0. 858 0. 860 0. 860 0. 846 0. 807 0. 844 0. 845 0.999
1 20 0.981 0. 982 0. 982 0.978 0.963 0.977 0.977 0.999
30 0. 879 0. 879 0. 880 0. 868 0. 837 0. 867 0. 867 0. 999
10 0.952 0.952 0.951 0. 896 0. 084 0. 894 0. 895 0.999
2 20 0.972 0.972 0.972 0. 944 0. 080 0. 944 0. 944 0.999
30 0. 984 0. 984 0. 984 0.973 0. 806 0.973 0.973 0.999
10 0. 996 0.998 0. 999 0. 999 0. 999 0.999 0.999 0. 620
3 20 0.937 0.932 0. 930 0. 887 0. 682 0. 897 0. 893 0.976
30 0.991 0. 990 0. 989 0.983 0. 968 0. 986 0. 985 0.929
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Table 4 Kinetic parameters of the combustion reaction of anode carbon residue at different heating rates
BBt THER 3% /K - min = AT AT T A/min 7! THALEE E/kJ-mol !
10 y=1557.620x - 15. 311 -0. 004 -12.94
1 20 y=1614.632x —15. 382 -0.004 -12.75
30 y=1649.236x - 15. 427 -0.003 -13.71
10 y =1863.310x — 15. 634 -0.003 -15.48
2 20 y=1913.453x - 15. 694 -0.003 -15.90
30 ¥ =1938.105x - 15. 727 -0.003 -16.11
10 y = —-19531.574x -0. 825 84 124. 094 162. 08
3 20 y= —-17225.531x - 3. 478 5603. 936 143. 67
30 y= —-16767.909x —4. 275 2 454, 609 139. 85
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Study on the combustion dynamics of anode carbon residue

DUAN Zhongbo' , WEN Junde®, LIU Haifeng' , ZHANG Yanrong', WU Xiangzi’, BU Xudong®, WANG Sheng’

(1. Gansu Dongxing Aluminum Industry Co. Ltd, Jiayuguan 735100, China;
2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Anode carbon residue is a harmful solid waste generated during the aluminum electrolysis process.
Enterprises often use the pyrometallurgical process to burn carbon to recover electrolytes from it. The
pyrometallurgical process is a commonly used recycling process for the sustainable development of the aluminum
industry, but the treatment process has problems such as insufficient combustion, low electrolyte recovery rate, and
unclear combustion kinetics. This article uses TG — DSC analysis and dynamic analysis to study the combustion
performance and dynamic control conditions of anode carbon slag, analyzes the influence of heating rate on the
combustion process, and obtains the following conclusions. The heating rate has a significant impact on the
combustion of anode carbon slag. When the heating rate is 30 K/min, the ignition temperature and maximum
weight loss temperature increase to 525.79 °C and 1085.79 C, respectively. The maximum weight loss rate
decreases to 0. 22% /°C , the flammability index C decreases, the ignition index Ci increases, and the heat release
during ignition increases to 790. 38 kJ/g. The high electrolyte content of anode carbon slag leads to asynchronous
surface and internal temperatures of particles, and the ignition mode is heterogeneous ignition, which is not affected
by the heating rate. The calculation results of Coats Redfern integration method show that the combustion fitting
results of anode carbon slag at temperatures of 476 ~886 “C conform to the chemical reaction function model g(«)
= (1 —a) "?, the limiting step is mainly controlled by chemical reactions. The combustion fitting results at
temperatures ranging from 886 to 1 100 °C conform to the one-dimensional diffusion integral function model g( @) =
o’. The restrictive links are mainly controlled by diffusion.

Key words; aluminum electrolysis; anode carbon residue; fire roasting; combustion dynamics; electrolyte

recovery; TG—DSC analysis; kinetic analysis
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