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Impact of binder formulations on performance of silicon-anode
lithium-ion batteries

HUANG Binbin, AO Xinling, LIU Rongjiang, HONG Sifan
(EVE Energy Co., Ltd, Huizhou 516000, Guangdong, China)

Abstract: This study systematically evaluates the impact of combining the water-based
binder polyacrylic acid (PAA) with different types of styrene-butadiene rubber (SBR) on lithium-
ion battery performance. By keeping PAA content constant while varying SBR type, this study
analyzes their effects on anode characteristics and full-cell electrochemical performance, and
further investigates the performance evolution of electrodes and cells with increasing PAA
content. Results indicate that the combination of lithiated SBR (SBR-Li) and PAA
synergistically achieves low electrode impedance and excellent electrolyte wettability.
Electrochemical tests demonstrate that small-particle, high-modulus SBR-Li reduces the cell
AC impedance and DC internal resistance, increases the constant current ratio during 1 C
charging by 2.4%, and improves capacity retention by about 1% after 500 cycles at 25°C .
However, increasing PAA content by 0.5% raises cell impedance and reduces rate capability,
although the cycle swelling rate decreases by 0.5%. This study demonstrates that the
formulation of lithiated SBR and PAA can selectively tune the performance of silicon-based
battery systems, providing crucial guidance for binder selection in silicon-based material
applications.
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Table 2 Comparison of two SBR performances
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(a) Infrared spectrum of SBR; (b) schematic diagrams of ion conductivities of different SBRS
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Fig. 2 (a) Electrode sheet resistance of different adhesives; (b) peeling force of different adhesives;
(c) rebound rate of different adhesives electrode sheets; (d) porosity of electrode sheets with different binders
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Fig. 3 Contact angle test results between electrode
sheet prepared by different binders and electrolyte
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Table 3 Impedance decoupling analysis of battery

Rl R/Q R,/Q R,/Q
HefE A 1.219 82.05 126
S04 B 1.445 67.37 62.81
SG4 C 1.022 96.55 7455
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Table 4 Electrical performance test data

3 1 Cre M EL 3 CTRRHACE ACIR/mQ DCR/mQ
fE/% bRHEE% 1E/% PREEI% 8 brifEZE fH brifE%
KA A: SBR1+2.0% PAA 85.8 0.067 90.8 0.081 83.3 1.13 293.1 1.36
SEGZHB: SBR2+2.0% PAA 88.2 0.052 91.2 0.079 80.3 1.0 251.9 1.84
SCEG C: SBR2+2.5% PAA 85.4 0.076 89.6 0.087 83.1 1.37 2771 1.24
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Table 5 Cycle performance test data
. 25°CHE¥ 500 J4 45°CHE¥ 300 /i
: K RFEE % /% T 1% 0/% K ORFF 2% /% K 1% /%
FEEH A 88.2 0.064 10.1 0.066 84.9 0.064 10.3 0.089
SEIRZB 89.1 0.071 9.6 0.073 85.0 0.058 9.8 0.084
SEIRYC 88.4 0.07 9.2 0.059 84.8 0.065 9.3 0.076
140 120
(a) 25°¢C (b) 45°¢C —Group A
L —Group B
120
100 / x
X < 80
c Ar 5
E 80 Capacity residual mean - error plots with different number of cycles g 60 Capacity residual mean - error plots with different number of cycles
° 100 ® 100r
[ L 98
%’ o0 95 % %1
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§ o 8
88
201 8 20f ol
80— 100 200 300 400 500 Hhs 50 100 150 200 250 300
Cycle number . Cycle number N N N
0 100 200 300 400 500 0 50 100 150 200 250 300
Cycle number Cycle number
E5 FREIFEFIE AL
Fig. 5 Cycle curves of different binder batteries
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P 7 N e\ L | N N = = e —
&6 &A[ESBRAEISI/ICHERSEME. SBR1+2.0% PAA: (a) #IiGHEREE, (b) fE3F500 BEREE, (c) #mEm,

(d) fBEF 500 B[S &iH; SBR2+2.0% PAA: (e)#liarikakim, (f) f&IF500 BFEiREME, (9) ¥tAEE, (h) 7EIF500 B/
Bl
Fig. 6 SEM images of Si/C electrodes containing different binders before and after cycling SBR1+2.0% PAA:
(a) Initial electrode surface, (b) electrode surface after 500 cycles, (c) initial cross section, (d) cross section after
500 cycles; SBR2+2.0% PAA: (e) Initial electrode surface, (f) Electrode surface after 500 cycles, (g) initial cross
section, (h) cross section after 500 cycles
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Table 6 Data table of element changes before and
after cycle

TEE SEHEALA T B

B34 0 cycle 500 cycle 0 cycle 500 cycle
O/% 30 36 29 32
FI% 15 17 14 15
Col/% 1 2 1 1
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