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Correlation between the Pseudo—Capacitance Behavior and
the Second-Order Phase Transition in the Li*
Insertion/Desertion in CusSi
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Abstract Lithium-ion batteries with high energy density have urgent demand, especially in the fields of pure electric vehi-
cles, smart phones, laptops, wind power generation and energy storage. Therefore, more and more attention has been paid on
materials with high energy density, rapid charge/discharge capability and long cycle life. In this paper, pure CuzSi phase was
prepared by metallurgical process, and the electrochemical characteristics of the as prepared CusSi samples were studied by
using CR2025 button half-cell structure with metal lithium sheet as reference electrode and Celgard 2500 as diaphragm. The
results showed that, at a current density of 0.1C (420 mAsg '), it possessed a first-cycle discharge specific capacity of 759
mAheg ! with a coulomb efficiency of 96.56%. It remained 822 mAheg ! after 200 cycles with a capacity retention rate of
98%. It retained 776, 700, 580, 500, 440 and 405 mAheg ! at a testing rate of 0.1C, 0.2C, 0.4C, 0.6C, 0.8C and 1C, respec-
tively. The specific capacity was stabilized at around 790 mAheg ! when the current density was restored to 0.1C, which did
not decrease significantly compared with the initial value. Moreover, the impedance was about 60 €, lower than that of the
reported Si@C anode. Thus, it suggested that introducing Cu would greatly reduce the charge transfer resistance. It was worth
noting that the charge/discharge curve was slope like and had pseudo capacitance characteristics. Furthermore, the cyclic
voltammetry (CV) measurement was carried out at scanning rates of 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 mV/s, respectively. The
results discovered for the first time that the as-prepared CusSi possessed the characteristic of both battery and capacitance.
They together stored the charges, and the capacitance dominated the contribution. Moreover, an clear step could be observed
at 550—600 C in the differential scanning calorimetry (DSC) curve of the as-prepared CusSi sample after discharged,
relating to a change in the specific heat capacity. Moreover, the sample phase did not change before and after the
charge/discharge process. Therefore, it was determined that the Li” insertion/desertion process of CusSi was not a first-order
phase transition but a second-order phase transition process. To be concluded, for CusSi anode materials, the redox process
was a second-order phase transition, which exhibited a pseudo capacitive behavior in its electrochemical properties.
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Figure 1 (a) Samples physical images; (b) XRD patterns
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Figure 3 (a) Charge-discharge curve; (b) cycling performance; (c) rate capability; (d) EIS diagram
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B ZRZEIE N 550~600 “C ] LUMLI 2] — /B & 4
U BH 7 125 B 0 T P B R i LR AR 1k, BTt
CusSi BRI FE I AR R A —RARAS, Li' (R ARG
T DA N — AN A NS RE, T CusSi (R4
RET g e, HIEuBos 2o aREIR. Bred,
BRSMEEMGE, ZFAME TR 1 AT
NEIR— R AT .

4 LIGERSY
MR &
A SEI6 R DLZ-15 AL i AU I b (n 1 7(a) B
R, TR, RGN A SR, B 7(b)
BT AT S RS AR 85 mm, 948 70 mm, Ahi
110 mm, A S8R0,

T a4 30 g EESR R I A SRR R O 5 B R T, 1%
0.2 kW/min G UM I 2] 7 kW 5 R%FF 10 min. T
#i T, KA TM990D AL £ AN A I S B, A
EF(1600+£10) CHAIAN 203.4 g #lJER 55 L5 T,
10 min JEHEMEREBARE N IRARR A BB R @B 7(c)
), FHESS A A S F] CusSi FES.
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Bl 7 (a) DLZ-15 BUSAUR LG A, (b) A B2 TR, (o)A 2B AE
Figure 7 (a) DLZ-15 high frequency induction melting furnace, (b)
graphite crucible, (c) graphite mold

4.2 HMAESHELFENL

KH F-P2000 Z447 B X ERE UG AL T, S5 1E 480
r/min, 1) 24 h. FRAE 0.3 g FEABIAR. 0.1 g Kidiili
FEIREN. 0.1 g SHBE, A S mL XEFK, W
P 6 h. JERRI SRS L, IRKEE 100 um,
FAHE 120, BEET 70 CES TR T 24 h,
FAwR R WL BT 12 mm [ 78 TAERAR. DA AR
1EA%, Celgard 2500 A RRME, &R N2 K, TIA
60 um LB-291 B BS T I Ly, fER S FEM T4
%% CR2025 AUl $112- ith.

KA CT2001A ZY eI R Goxt B EE T IE I 78
JBCEB AR, MR A5 % 0.1C (420 mA~g™!), HLE L
0.01~1.2 V, MAIEE 30 ‘C. R CHI660E B! Hifk
ARG AT PEI AR 22 R (CV) FH AL 5 28 Yt B ALk
(EIS), CV Ml H EVE R 0.01~3 V, EIS AR HE 1~
100000 Hz.

4.3 YRR

% H Rigaku Ultima IV B! X 52847 5HGIAT P AR I
W, MR TAEH 30 mA, TAEH/E40kV, LA Cu
Ko AHESHE, A 10°~90°, F9##55#F 10 (°)/min.
K H UNPOL-1210 B4 AH BE AL T BEAE i A7) T, >R
F-P2000 7Y =1 BE Bk B ML Fy B¢ A 5. K A SUPRASS
SAPPHIRE 2437 & 5 4= 4t ¥ 7 2. B0 WL 2 el AT, 1%
IXBS A4 BEIEAY . K STA449F5 #U [E]5 # I A AT
DSC Mk, MAZAF: @AM E 40 mL/min, fIHGEE
750 C, JiFGEZR 10 C/min.
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