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Numerical simulation of electro—thermal coupling process for spent cathode carbon

block from aluminum electrolysis cell

LU Ting-ting, LI Rong-bin, ZHAO Hong-liang, XIE Ming-zhuang, LIU Feng-qin™

School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China

X Corresponding author, E-mail: liufq@ustb.edu.cn

ABSTRACT Spent cathode carbon block (SCCB) is considered to be a kind of hazardous waste, because it contains a large amount of
soluble fluoride salts and toxic cyanides. The life of an aluminum electrolytic cell is generally 5—8 years, and the SCCB would be
produced during the overhaul of the cell. Currently, most SCCBs are piled in landfills or stored for disposal in China. The unreasonable
disposal of SCCBs will cause serious pollution and damage to the ecological environment, and wastage of valuable carbon material and
fluoride salts. The key to the safe disposal and resource utilization of SCCBs is to separate the carbon and fluoride salts deeply. In this
study, SCCB was treated by the pyrometallurgical process, and the characteristics of volatilization temperature of fluoride salts were
firstly experimentally determined. For a laboratory-scale self-designed high temperature resistance furnace, a three-dimensional model
was built and numerical calculation was performed. The heat transfer characteristics, temperature control law and effective volatilization
region of fluoride salts were analyzed in detail. The experimental results demonstrate that the effective volatilization temperature of
fluoride is higher than 1700 °C, and the volatilization rate is higher than 93.1%. By simulating the evolution of the temperature field in
the furnace under different power supply modes, it is obtained that under the power supply condition of heating at 12 V for 24 h and
holding 9 V for 12 h, the maximum temperature in the furnace during the heating phase can reach 2250 °C, and the theoretical
volatilization volume of fluoride salts can reach 98%. After optimization, a step-by-step decreasing mode of power supply can improve

the efficiency of treating SCCBs. Moreover, the treating temperature can be maintained for 20 h at 1700 °C, which is beneficial to the
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deep separation of carbon material and fluoride salts in SCCB.

KEY WORDS spent cathode carbon block; numerical simulation; high temperature resistance furnace; electro—thermal coupling;

temperature distribution
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Fig.1 Schematic of the high temperature resistance furnace and its interior detail
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Table 1 Structure size of the high temperature resistance

furnace mm
Parameters Numbers
Length 3210
Height 1680
Width 1780
Thickness of carbon brick 230
Thickness of insulating filler 65
Thickness of high alumina brick 230
Thickness of insulating brick 230
Thickness of rock wool 50
Dimensions of electrode 300%300%805
Dimensions of furnace hearth 500x500x1600
Dimensions of furnace core 50%50x1600
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Fig.2  Cross-section of the high temperature resistance furnace in x
direction (x=1.605 m)

22 EHIFRE
AR ) 45 o) R T2 SR A% BRI R 37 4 o
JrE, BARFGARIT.

(1) 58 DX Sl 32 2 DL R i J7 A% 3, R
LA PR A T D g 1 L I S R B O

or o (.dT\ o (. 0T\ o (.0T
o2 L aE ) L2 1
Pergy 6x( 6x)+6y( 6y)+8z( 62)+qs (0

K p W YR L, kgrm™; ¢, LU, Tkg 'K,
UHA T RE, Wm KT goh PG B (7
RFEG= A 30) , Wem™s TN 4 XL, K ek ][]
85 x, y, A ABBR, £ WIS EORUE L3R 2.

S HRL DXL P A ) A RO AR R R R R

g5 =7Vl (2)
o LA, Qm o A HLE, V.
(2) i Oy e
0 dp\ 0 dp\ 0 O¢
6x( 0x)+6y( 8y)+az( 6Z) 0 (3)

oy AR R RS, S'm 7l o L, VL



734 TRREER, 5 2%, 5 60
R2 PHSH
Table 2 Thermophysical properties used in this study
Parameters Density /(kg'm ™) Specific heat /(J'’kg 'K ™) Thermal conductivity /(W'm™""K™") Conductivity /(S'm™)

Carbon block 1500 800 10 1x107"
Insulating filler 450 1465 0.65 1x107"°
High alumina brick 1500 1100 0.786 1x107"°
Insulating brick 1000 1200 0.3 1x107"°
Rock wool 135 900 0.06 1x1071°
Graphite felt 1400 900 0.01 1x107"°

SCCB 850 840 6 2.127x10°
Electrode 1600 700 12.4 1.13x10°°
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Table 3 Composition and the content of various elements

in SCCB %
C F Na Al Ca Fe Else
59.2 16.73 13.62 7.87 1.43 0.94 0.21
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Fig.8 Variations in temperature with heating time at monitoring point
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