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Fig. 1. Schematic diagram of four discharge modes: (a) Reference group A, constant low current mode; (b) experiment group B,

high current-low current mode; (c¢) experiment group C, low current-high current mode; (d) reference group D, constant high cur-

rent mode (I; represents the current density at the high current stage, I, represents the current density at the low current stage).
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perimental group B (high current-low current).
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Fig. 2. (a) Raman spectrum of GO electrode; (b) schematic diagram of the modified CR2032 coin-cell assembly including a visible

Kapton window to realize Raman measurement.
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Fig. 3. Effects of discharge modes on the specific capacity
(left axis) and time (right axis) of the 4th cycle.
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Fig. 5. (a) Schematic diagram of the main dynamic reaction process of rGO electrode; (b) standard electrochemical impedance spec-

trum and equivalent circuit of the rGO electrode; (c) evolve of charge transfer resistance with the degree of lithiation under four dis-

charge modes of the 4th cycle; (d) evolve of diffusion coefficient with the degree of lithiation under four discharge modes of the 4th

cycle.
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Table 2.  Microstrain of the electrode at 80% SOC
during the 4th lithiation process under four dis-

charge modes.

80% SOCAL  80% SOC4E

AL Wil jem ' BE/%
SHHA (THE/NEI) 1579.44 0.2596
SEYRA B (KHL -/ NI 1580.22 0.2693
SEHRZHC (ZINHL - R HL ) 1573.23 0.3812
ZZ D (THE KAL) 1581.86 0.2438

# 3 PIHBAERA T A 4 Bl A AR b R R
FL 7y P R BELATC R, AE 4 I S 1) 43 B B )

Table 3.  Phased response of charge transfer imped-
ance and strain rate of the 4th cycle during lithi-

ation process under two-stage constant current

modes.
e FLAT RS T R M i AR R R
SIGHB  SRHC  SUB SURYC
BBt -1 0.19 0.15 15.37 4.28
B B-11 0.39 0.72 3.57 27.84
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Fig. 6. In-situ Raman spectroscopy-strain measurement of rGO electrode during the 4th lithiation process: The evolution of the G
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group B (high current-low current), (c¢) experimental group C (low current-high current) and (d) reference group D (constant high

current); (e) evolution and linearity of G peak frequency shift and fitting result under four discharge modes.
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Fig. 7. Schematic diagram of the lithiation process under two-stage constant current modes: (a) Experimental group B (high cur-

rent-low current); (b) experimental group C (low current-high current).

#4 B, C, DT rGO HIRZESHEMERES IR TS %41 A IR H I
Table 4. Percentage increase of comprehensive lithium storage performance parameters of the rGO electrode compared to
the reference group A in the B, C, D discharge modes.
PEFRER AR TEFER50PE]
SRt 51 —
W gt AR Re  YHEE 80% SOCHHLAI/V  WAE  AEEEREE EORCE Rk

SIRHB  -34.9% -5.2% 3.8% 45.3% 0.005 3.5% -1.8% 1.3% 10.2%
SIHHC  48.3% 21.7% 22.8% 47.8% 0.029 46.8%  -14.2% -2.4% 35.5%
ZHZMAD  -80.9% —25.5% 26.6% 96.8% 0.031 -6.1%  -21.2% -1.7% 46.8%
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Abstract

In this paper we conduct comprehensive experimental research and analyze the effect of charge-discharge
modes on the performance of lithium storage. Four charge-discharge modes are designed, and the lithium
storage performance experiments of the reduced graphene oxide electrode under different charge-discharge
modes are carried out to analyze the effect mechanism of charge-discharge mode on lithium storage time and
capacity from two aspects of electrode dynamic reaction performance and strain. The experimental results show
that the shorter the lithium storage time of the electrode, the more the capacity loss under different charge-
discharge modes. Comprehensive data analysis indicates that the charge transfer resistance, diffusion coefficient,
overpotential and strain in the electrochemical process show non-linear and staged characteristics, resulting in
the different lithium storage performances’ mechanism of different stages under different charge-discharge
modes. Finally, “High current-low current” mode is proposed as a feasible optimization plan for charging and
discharging. In the initial stage-I, the dual role of large electric field drive and concentration gradient drive
enhances the migration and diffusion rate and shortens the lithium storage time; in the stage-II, the small
current relieves local concentration accumulation and increases the amount of lithium inserted, thereby giving
full play to the greatest advantage of current in each stage and balance the discrepancy between time and
capacity. And this discussion provides certain guidance for designing and optimizing the fast charging

technology.
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