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Abstract: The sodium ion layered oxide cathode material NaNi, ,Mn, ,Fe  ,0, was synthesized by
the co-precipitation method, and AlI’* was used to effectively control and balance the co-
precipitation reaction process. The thermodynamic coupling effect brought by the addition of Al
element and its influence on electrochemical performance of cathode materials were investigated.
In an environment where Mn’>*, Ni’* and Fe’" ions coexist, owing to the thermodynamic
coupling effect, the superior high supersaturation of Al’* and the more negative change in the
Gibbs free energy (AG) can efficiently changes the precipitation driving force between the solution
ions, accelerating the precipitation of Ni’*and Mn”* ions and inhibiting the precipitation of Fe’*
ions. The obtained Na[ Ni, ,Mn, ,Fe, , ] 905 Al o0s O, cathode material has demonstrated excellent
electrochemical performance which can be attributed to the high quality precursor( [ 0. 4MnCO, -
0. 4NiCO, -0. 2Fe (OH) ; ] 40s0. 005A1( OH) ;) brought about by the introduction of Al’*.
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Table 1 lon concentrations of differentliquid supernatant mol-L ™'
x Mn®* Ni?* Fe'* AP* NO; OH"- CO;~
0 4.57Tx107°  6.713x10™° 2.865x107° 0 0.0879 7.94 x1077 0.006 3

0.0025 2.37x107%  1.005x10™° 7.162x10°° 1.482x10°° 0. 089 35 1.41 x10°° 0.0189
0. 005 2.73x1077  6.645x10°° 7.162x10°° 5.189x10° 0.082 42 8.93x107’ 0.0117
0.01 2.91x10°°  7.156x10°° 7.699 x10™° 2.076 x10~° 0.0979 1x10°° 0.031
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Table 2 The degree of supersaturation of ion in the solution

I 0B Mn®* Ni** Fe'* AP*
S, 36 794. 3 141. 8 2.60 x 10" 0
S, 1755.6 20. 33 4.64 x10" 3.52 x10"
S, 28.17 1.87 1.83 x 10" 4.85x10"
s 1590.5 10. 67 3.50 x 10" 3.46 x 10"

K3 HURITBRHINEHRFTEHEE(AG)

Table 3 The Gibbs free energy( AG) change in the co-precipitation J-mol ™!
AG MnCO, NiCO, Fe(OH), Al(OH),
AG, -26060. 1 -12281.4 -76572.9 0
AG, -18518. 1 -7467.3 -72294.7 -60194.9
AG, -8266.6 -1543.3 -75691. 4 -60990. 2
AG, -18273.4 -5867.7 -71 600. 2 -60156.6
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Fig. 2 Particle size distribution of precursor
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Fig. 6 CV and EIS tests of cathodes
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Table 4 Impedance parameters for Na[ Ni, ,Mn, ,Fe,,],_,Al,O,
X R, CPE R; CPE R, w Dy,
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0.002 5 6.306 7.268 x10°° 6. 022 x 10? 3.324 x10°° 1.495 x 10° 6.863x107°  3.38x107"
0. 005 3.640 3.899x107°° 7.859 x10* 6.908 x10°° 3. 692 x 10 5129107 1.48x107"
0.01 4.587  2.590x107° 3.494 x 10° 8.304x107°  4.320x10*>  4.652x10™*  5.96 x107"
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