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Effects of superheat and current density on electrolysis expansion
performance of semi-graphitic cathode at low temperature

LI Jie, FANG Zhao, LU Xiao-jun, TIAN Zhong-liang, LAI Yan-qing, XU Jian

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of current density and superheat of potassium and sodium penetration in [K3AlF¢/Na3AlF4]-AlF;-
AlLyO5 on the electrolysis expansion of semi-graphitic cathode melts were studied with a modified laboratory Rapoport
apparatus. A mathematical model was introduced to numerically character the electrolysis expansion performance of the
semi-graphitic cathode. The results show that potassium and sodium penetrate into the semi-graphitic cathode from
exterior to interior. The electrolysis expansion of semi-graphitic cathode increases with increasing current density and
superheat. When the superheat increases from 10 to 50 , the electrolysis expansion increases gradually from
1.41% to 2.10%. However, as the current density rises, the electrolysis expansion increases obviously before 0.4 A/cm?,
and after 0.7 A/cm? the electrolysis expansion increases obviously again. When the current density ranges in 0.4—0.7
Alem?, the electrolysis expansion keeps constant relatively, and its increase is the least. In addition, the parameters
introduced in the mathematical model can reflect the same information with the curve of electrolysis expansion, and
sequentially character the resistance performance to K and Na penetration accurately at low temperature. At low
temperature the destructive effect resulted from potassium and sodium penetration can be reduced by reducing superheat

and choosing proper current density.
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Fig.1  Schematic diagram of apparatus for electrolysis
expansion: 1—Spiral rod; 2—Transducers; 3—Stainless steel
strip; 4—Gas outlet; 5—Ring flange; 6—Graphite piston; 7—
Insulation casing; 8—Corundum furnace tube; 9—Corundum
lid; 10— Test specimen (cathode); 11—Graphite crucible;
12—Cryolite melt; 13—Corundum disk; 14—Graphite base;
15—Steel rod; 16—Cooling pipe; 17—Gas inlet

1

Table 1 Current density in experiments

Sample No. CD, CD, CD;s CDy, CDs

J(Aem™) 02 0.3 0.4 0.5 0.6

Sample No. CDy CD, CDyg CDy
JI(A-ecm?) 0.7 0.8 0.9 1.0
2
Table 2 Superheat in experiments

Sample No. ST, ST, ST; ST, ST
t/ 10 15 20 25 30

Sample No. STe ST, STy STy
t/ 35 40 45 50

FHa

Energy/keV
2 CDy EDS

Fig.2 EDS patterns of center of cross-section of CDy

3 CDy
( 3 a b ¢ d F K
Na K Na
F K Na
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AlF;-Al,04
Na K F 1
3 K Na
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Fig.3 Schematic diagram of analytical positions on
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Table 3 Mole fraction of elements in spots on cross-section
and ratio of summation of amount of substance K and Na to

amount of substance F

x/% ,
Spot n.
F Na K
a 14.17 12.54 15.25 1.96
b 11.06 8.29 12.86 1.91
c 9.54 6.95 10.13 1.79
d 8.27 6.17 8.54 1.78
K Na
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Fig.4 Structure model of graphite intercalation compounds
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Table 4 Mole fractions of elements in spots of cross-section
and ratio of summation of amount of substance K and Na to

amount of substance F

Spot % ni
F Na K
a 16.93 9.11 14.52 1.40
b 15.25 8.35 12.78 1.39
¢ 14.59 7.12 9.97 1.17
d 13.67 6.11 8.06 1.04
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Fig.6 Electrolysis expansion curves of cathode at different
superheats
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Fig.7  Changing curves of electrolysis expansion with

superheat after electrolysis
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