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Electrochemical insertion and penetration and migration
behavior of alkali metal in aluminum electrolysis process

FANG Zhao, WU Xiao-lei, YU Juan, LI Lin-bo, ZHU Jun

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

Abstract: During aluminum electrolysis, the electrochemical insertions of alkali metals (potassium and sodium) as well
as their migratory behavior in TiB,-C composite cathodes was investigated by means of line scanning and map scanning
through SEM and self-made modified Rapoport apparatus. The electrochemical behavior of alkali metals on the electrode
was also studied by cyclic voltammetry. The results suggest that, in the aluminum electrolysis process, both K and Na
penetrate into the cathode, the diffusion coefficient of K in the cathode and the induced maximal electrolysis expansion
are 2.86X 10 ° cm?/s and 1.35%, respectively, both of which are higher than those of Na, illustrating that the penetration
ability of K is stronger than that of Na. Meanwhile, the penetration and migration path of K and Na in TiB,-C composite
cathode is similar: firstly, alkali metals (K and Na) penetrate into the pores of the cathode together with the electrolyte,
subsequently into the binder coke, with the progress of the electrolysis, finally into the carbonaceous aggregates of the
cathode, while K and Na can not penetrate into TiB,. K and Na penetrate into both binder and aggregates, leading to the
expansion of TiB,-C composite cathodes, which will become constant when the content of alkali metals (K and Na) in the
cathode is saturated. While the results on the electrode behavior of alkali metals K and Na indicate that, in the aluminum
electrolysis process, K and Na will co-deposit on cathode, while during the anodic process, the intercalation compound of
K represent more positive potential than that of Na, illustrating better stability of intercalation compound of K. K inserted
into the interlayer of carbon materials is difficult to break away, the destructive force is stronger than that of Na.
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Table 1 Formula of pitch based TiB,-C composite cathode

Composite Mass fraction/%
TiB, powder 75
Petroleum coke 11
Pitch 14
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Table 2 Composition and relative parameters of cryolite

based electrolysis bath

Mass fraction of Liquidus Superheat
Type Ry temperature/ temperature/
AlF5/% - c
C C
NL 24 0 876 20
NKL 24 0.3 873 2
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Table 3 Composition of fluoride based bath

Mole fraction of Mole fraction of

Type NaF/% KF/% we /e
NK, 100 0 996 20
NK 90 10 953 20
NKao 80 20 915 20
NKs 70 30 876 20
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Fig. 1 Schematic diagram of apparatus for electrochemical
measurement
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Elemental line scanning of cross

sections for specimens after electrolysis in

Na3AlFs based bath at different electrolysis
times: (a) 5 min; (b) 15 min; (¢) 30 min; (d) 60

min; (e) 120 min
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Fig. 3 Elemental line scanning for cross

sections of specimens after electrolysis in
K;AlFs based bath at different electrolysis
times: (a) 5 min; (b) 15 min; (c) 30 min; (d) 60

min; (e) 120 min
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Fig. 4 Morphology(a) and EDS analysis(b) of TiB, grain in composite cathode after electrolysis
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Fig. 5 Electrolysis expansion of TiB,-C composite cathodes
in different cryolite baths: (a) Na;AlFg based bath; (b) K;AlF
based bath
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Table 4 Parameters and diffusion coefficient for samples with

various baths

Type t/min r/mm Di(cm*s™)
N, 22.33 10 2.82X107°
NK, 22.03 10 2.86X107°
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Fig. 6 Morphologies and elemental map scanning for cross sections of specimens after electrolysis under different time in K;AlFg
based bath: (a,), (a2), (a3), (a4) 15 min; (by), (b2), (b3), (bs) 60 min; (cy), (c2), (¢3), (¢4) 120 min
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Fig. 7 Cyclic voltammograms recorded on molybdenum ©|(b)
electrode in molten NaF (Potential scan rate: 100 mV/s)
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Fig. 8 Cyclic voltammograms recorded on graphite in molten

fluoride (Potential scan rate: 100 mV/s): (a) NaF-10%KF; (b)
NaF-30%KF
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Fig. 9 Cyclic voltammograms recorded on graphite in molten
cryolite based bath (Potential scan rate: 100 mV/s): (@
Naj;AlFg based bath; (b) K;AlF, based bath
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