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KRAHE(NG), & 1 Finh NG AT, Hrp
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Table 1 Basic properties of NG

Tap density/ SBET/ Viotal!
Sieving rate/% Dsp/um BET Tou
(grem™) (m*-g™) (em’g™)
100 11.67 0.87 9.59 0.0291

At FCC MM 1y 05 B 43 B 2 43 BUh 74.61%, HLAk &
P, BT th & AR 2 W07 RE5H, & B 1E N
AT o BT i R T BR A
13 SHRURFENHE

B R A AR AL EE FCC il 17 0.5 L
BRI 48 FR A 250 g 2247 FCC MK, 25 K R
1.0 L/min, 5&L4 5 C/min FHE# 2  E R 2 300 °C,
FELL T °C/min B9 IR R TR 2 8 AR EE 350 <C, JF
AR ] R 8 h, 25 S 78 U KR A 2 NI
PCE R N, WA 4 1.0 L/min, 324 1 °C/min [
Tk T 3K 48 P IR 4R = & 400 °C 54T 3 h AR
R, BT R4S 09 AR S W P bR IE o AN3S0,
LA o L3 3,
14 BELE

SR R 275 N AN350 425 1 QINY,
¥ 0.3 g Msubk ] %9 (QS) BIF IS K3 i J5 Il A 30 mL Y
kb, Gl R R I RO R SRS
A 3.0 g KRG8, adhidk, BA g RS aE
B A A8 BRI, LA 60 C /K I i 30 . Bl 5 X
H g fr AL AL B], ZE L) 2 °C/min Y3 R &= IR THE
% 550 °C, FLh 4 C/min [ HEFEZE 1000 CJ5 F-
FER 2 b, T 5 K R Ak IS A5 E A AR A AT A O
400 H (38 pm) i, % J5 154 240 i (m(QS)/m(NG))
R 10% W B8 K AR A S5 FE i AN350-10%.  LLIA]
FE Y 77 35 il B A AR IR 5%, 15%. 20% [ &

#2 FCC RyHEAYM:
Table 2 General physical properties of FCC

w(Element)/% w(Family composition)/%
n(C)yn(H)  SP/C

C H N S Saturation component Aromatic component Colloid Asphaltene

91.37 7.12 0.12 0.48 0.91 1.07 <25 9.96 74.61 13.01 2.42
SP—Softening point
R3O SR I REAE
Table 3 Basic properties of pitch at high softening points
wi%
Sample SP/C CV/% w(TD/% w(QD)/% n(C)/n(H)
H N S
AN350 275 53.4 44.7 10.7 93.13 5.20 0.15 0.48 1.04 1.49

SP—Softening point;CV—Coking value; TI—Toluene insoluble; QI—Quinoline insoluble
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Fig. 1 Particle size distribution curves (a) and variation distribution of particle size frequency (b) of graphite coated with different amounts of

pitch
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Table 4 General properties of graphite coated with different amounts of pitch
Sample Sieving rate/% Dso/um Tap density/(g-cm™) Sger/(m*g™) Vrotal/(cm®g™)
AN350-5% 99.2 12.13 0.84 5.89 0.0129
AN350-10% 98.6 12.93 0.82 4.85 0.0085
AN350-15% 94.1 14.09 0.88 4.11 0.0058
AN350-20% 91.2 14.12 0.88 2.71 0.0046
20 0.0020 «
-
== NG o AN350-5%
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Fig. 2 N, adsorption/desorption isotherms (a) and DFT pore size distributions (b) of graphite coated with different amounts of pitch
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Table 5 Crystal structure parameters of graphite coated with
different amounts of pitch

Sample 260/(°) d(po2y/nm p L, /nm g/%
NG 26.510 0.3360 0.226 35.71 93.60
AN350-5% 26.495 0.3364 0.251 32.15 91.45
AN350-10% 26.493 0.3364 0.273 29.56 91.16
AN350-15% 26.486 0.3365 0.276 29.24 90.23
AN350-20% 26.483 0.3366 0.289 27.93 89.71
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of pitch
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Fig. 5 SEM images of graphite coated with different amounts of pitch
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Fig. 6 TEM images of graphite coated with different amounts of pitch
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Fig. 7 Curves during the initial charge/discharge cycle (a) and its partial enlarged detail (b) of graphite coated with different amounts of pitch
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Table 6 Initial charge/discharge performance of graphite coated
with different amounts of pitch

Charge
Discharge Coulombic
Sample capacity/
capacity/(mA-h-g™") efficiency/%
(mAh-g™)

NG 404.6 330.1 81.59
AN350-5% 4213 347.7 82.53
AN350-10% 435.8 362.6 83.21
AN350-15% 386.9 3163 81.75
AN350-20% 3757 306 81.45
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Fig. 8 Cycle performance (a) and Coulombic efficiency (b) of graphite coated with different amounts of pitch at 0.5 C

£ 7 E B EANE AR IEIERE
Table 7 Cycle performance of graphite coated with different
amounts of pitch

Initial
The 200th discharge ~ Capacity retention
Sample capacity/
capacity/(mA-h-g™") ratio/%
(mA-h-g™)
NG 384 265.3 69.01
AN350-5% 367.1 301.5 82.13
AN350-10% 350.4 310.2 88.53
AN350-15% 364.1 295.3 81.13
AN350-20% 326.3 278.1 85.20
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Table 8 Comparison of the recent work on pitch coating graphite material as anodes for lithium-ion batteries

Sample Current density/C Initial capacity/(mA-h-g™") Cycle Discharge capacity/(mA-h-g™") Capacity retention ratio/% Reference
AC@PG 0.1 3345 50 323.1 96.60 [25]
VNG 0.2 321.7 100 312.1 97.02 [26]
ETP-NG 0.5 378.1 150 3393 89.74 [17]
XD-280 0.1 402.1 30 342.1 85.07 [27]
PCNG-10 0.5 366.8 150 345.8 94.27 [28]

AN350-10% 0.5 350.4 200 310.2 88.53 This work
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Fig. 9 Rate performance of graphite coated with different

Discharge capacity/(mA-h-g™)

amounts of pitch
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Fig. 10  Electrochemical impedance spectra (a) and its fitted curves (b) of graphite coated with different amounts of pitch after four cycles
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Table 9 EIS parameters of graphite coated with different amounts

of pitch
Sample Ry /Q R¢/Q R, /Q
NG 13.77 12.75 40.27
AN350-5% 7.949 13.65 42.95
AN350-10% 4.72 8.811 29.48
AN350-15% 4.691 12.29 39.91
AN350-20% 4.496 11.45 38.14
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Electrochemical Property of Natural Graphite Anode Coated with
High Softening Point Pitch Derived from FCC Oil Slurry

HUANG Shiwei', ZHU Shuaibo', WANG Jitong', QIAO Wenming', ZHANG Yinxu?
(1. State Key Laboratory of Chemical Engineering and Low-Carbon Technology, East China University of Science and
Technology, Shanghai 200237, China; 2. Hesheng Silicon Industry (Shanshan) Co. Ltd,
Tolufan 838200, Xinjiang, China)

Abstract: Natural graphite, characterized by its wide availability, low cost, relatively high specific capacity, and
stable intercalation/deintercalation potential, is the primary anode material for commercial lithium-ion batteries.
However, its intrinsic surface defects and poor compatibility with organic electrolytes often lead to significant
degradation in reversible specific capacity, primarily due to solvent co-intercalation and consequent graphite layer
exfoliation, resulting in unsatisfactory Coulombic efficiency and cycling performance. Surface modification represents
an effective strategy to address these limitations. Pitch, an important by-product of the petroleum refining industry, is
widely utilized as a coating material for graphite modification. Upon high-temperature cracking in an inert atmosphere,
the pitch coating seals surface defects and forms an amorphous carbon shell on the graphite surface. This resulting core-
shell structure effectively enhances the reversible specific capacity and cycling stability of graphite. In this study, high-
softening-point pitch was synthesized from fluid catalytic cracking oil slurry via air purging under a nitrogen
atmosphere followed by thermal polycondensation. This pitch was then employed as a coating agent to modify natural
graphite through a liquid-phase coating process. Results indicate that a 10% (mass fraction) pitch coating forms a
complete layer on the natural graphite surface, reducing its specific surface area and thereby improving both cycling
and rate performance. The coated graphite exhibits a significantly enhanced capacity retention rate of 88.53% after 200
cycles at 0.5 C, compared to 69.01% for the pristine material, demonstrating superior electrochemical performance.

Key words: fluid catalytic cracking slurry oil; high softening point of pitch; coating; natural graphite; anode

material
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