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Abstract: Composite conductive additives are the core components that determine the construction quality of
conductive network and dispersion characteristics of lithium—ion battery cathode slurry. Their total loading and
mixing ratio directly affect the electron transport efficiency and cycling stability of the battery. In this paper, taking
lithium cobalt oxide (LiCoO») cathode system as the research object, we set 4 total loading gradients of carbon
=0.3%. ¢.,,,=0.5%. ¢,=0.7%. ¢,,.=0.9%),

nanotube/graphene (CNTs/Gr) composite conductive additives (¢ o=
and matched 6 groups of CNTs to Gr mass ratios mey.:m,=0:5. 1:4, 2:3, 3:2. 5:0 for each gradient. The
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influence law of composite conductive additive parameters on the dispersion characteristics of cathode slurry was
systematically studied through electrochemical impedance spectroscopy (EIS). Tt was concluded through
=0.5% and the mass ratio of CNTs

to Gr is my,:m,=4:1, the cathode slurry has the optimal comprehensive performance, with the lowest electron

experiments that when the total loading of composite conductive additive is ¢, ,
conduction impedance, the best continuity of conductive network, and the optimal dispersion uniformity and long—
term sedimentation stability. On this basis, a hydrodynamic—electric coupling numerical model of cathode slurry
was established, and the simulation analysis of slurry impedance characteristics and conductive network evolution
under different conductive additive parameters was carried out. The simulation results are highly consistent with the
experimental test results, which verifies the accuracy and reliability of the regulation law of composite conductive
additives on the dispersion characteristics of slurry. This paper clarifies the optimal ratio and loading threshold of

CNTs/Gr composite conductive additives, and provides a systematic theoretical basis and practicable process

guidance for the optimal design of conductive system for high—performance lithium—ion battery cathode slurry.
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Fig.1 The equipment required for the experiment
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Table 1 Model type and manufacturer of experimental equipment
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Table 3 Table of required quality of conductive agent at different content ratios
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Fig.2 Nyquist cathode slurry at different contents and proportions of composite conductive agent
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Table 4 Results of particle number calculation at ¢ =

0.3%
RS W (g/em’) Biti(g) R T HE ()
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Table 5 Grid information

FITE(Y)  AHOTECY) o) BHE(Q)
331798 73268 7040 9258.6
595289 110219 8948 9244.7
2576190 285682 18822 9244.6

7434340 656016 31542 9244.4
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6 ¢,,.,=0.3% B ER N =S E
Table 6 Table of particle number parameters in the

model in the case of ¢ ,=0.3%

R 447
o a, b, c, d, e f,
LiCo02 30 30 30 30 30 30
Gr 74 60 47 27 14 0
CNTs 0 20 41 71 90 110

RT HERMREDTEEESH

Table 7 Material properties in the numerical simulation

model
MR PR AHFERG-)  BEHESm)  HE(kg/m’)
LiCoO, 19 1x107* 4.90x10°
Gr 45 1x10° 2.27x10°
CNTs 3 1x10° 1.50x10°
PVDF-NMP 322 1x107 1.85x10°

*8 HAINKER

Table 8 Information on the model grid

FOTE(N) BT T e) BE(Q)
187669 36988 4067 9998.5
329004 70103 5121 9958.7
516614 101351 6476 9898.1
1492194 195953 10750 9897.4
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Fig.9 Simulated Nyquist plots of cathode slurry under different contents and proportions of composite conductive agent
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Fig.10 Simulated Bode plots of cathode slurry under different contents and proportions of composite conductive agent
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