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Research Progresson Hard Carbon Anodefor Li/Na-ion Batteries
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Abstract: With rapid development of lithium ion batteries (L1B) and sodium ion batteries (SIB), hard carbon (HC) as
new anode material has earned much attention. Besides its rich precursor sources and low cost, HC has higher Li*
storage capacity and better rate performance than graphite for LIB. Furthermore, it is aso recognized as the most
commercialy potential anode materia for SIB. However, low initial Coulombic efficiency is a common issue for HC.
In addition, it is believed that the specific capacity can be further improved with the clarification of the Li/Na ion
storage mechanism. In recent years, many researches on electrochemical mechanism have been conducted with some
model assumptions proposed for better understanding the mechanism. This review introduced the structures and
preparation approaches of HC as well asits application in LIB and SIB. The advantages, especialy in fast charging,
coating and other subdivision were discussed, and the different modification strategies such as pore structure design,

doping, optimizing interface between electrode and electrolyte were summarized, aiming at the increase of capacity

s A#A: 2023-08-10; WEIfEim HEE: 2023-11-02; M4 HAREH: 2023-11-10
BEEWH - WiTlA U 2005 )k 1 FA (2022R01017)
Leading Innovative and Entrepreneur Team Introduction Program of Zhejiang (2022R01017)
EHE BN IEHE(19939), %, 1. E-mail: mfhul993@163.com
HU Mengfei (1993-), female, PhD. E-mail: mfhul1993@163.com
BIEEE: kEZE, ##%. E-mal: gizhang@dhu.edu.cn; % /EE, 18 1. E-mail: wuhz@sinosteelame.com
ZHANG Guojun, professor. E-mail: gjzhang@dhu.edu.cn; WU Houzheng, PhD. E-mail: wuhz@sinosteelamc.com



EL i

BIAESE, S BB RS T A AR R SO L RO TR 33

and the improvement of Coulombic efficiency of batteries.

K ey wor ds: anode material; lithium ion battery; sodium ion battery; hard carbon; review
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Fig. 1 Over-view on the application and modification
strategies of hard carbon in Li/Naion batteries
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(a) General biomass carbon precursors; (b) Rate performance and Coulombic efficiency of carbon from coffee
waste in LIB!*®; (c) Schematic of synthesis and proposed mechanism of pitch/lignin-derived carbon!??
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Fig. 5 Hard carbon in fast-charging application
(a) Schematic of ion diffusion pathways in carbon fiber (CF); (b) Lithium-ion diffusion coefficient of CF and carbon sphere (CS)
measured by potentiostatic intermittent titration technique (PITT); (c) Cycling performance of Li||CF and Li||graphite cells“;
(d) Z-0°° plotsin low-frequency region calculated from electrochemical impedance spectroscopy (EIS) measurement; (€) Dy; and
electrical conductivity plots of CNFs“” in which the mass ratio of polyacrylonitrile to pitch can be tuned as 10/0, 9/1, 7/3, and 5/5 for PAN-800,
PCTP9-1, PCTP7-3, PCTP5-5, respectively; (f) Rate performance of N-GCNsin LIBs from 0.1 to 20 A-g™* (CE: Coulombic efficiency)*®



EL i

BIAESE, S BB RS T A AR R SO L RO TR 37

T HELAE SRS B (K 5(d, e), it EIS R AT 15
B Z-0®® K FR, WITHSEM B T BUR KL,
R b B R 2 (8] ) B RE R ES), B Ak
FORL R L HA S5 R kB, E 0.1~5 A-g T HIJR
FEE e [ 9 A it B A Rm A &, 7E 1000
JAPEIR G LA B RE R R 99.7%. {ERREIE(E |5 A4t
JZF, Blin N. O. P. S %2550, W LLUNBRM R
K 2 SR BAANE AL A, FIREREAR R BA B 1 S e
PERIES 4L S8 7, AT RS B2 a5 R M R 11
o Fu 28R Y 2,00 S0 ) 4 BRIk, 5k 78
A A BRAE MR R T & A UE e ], AT 4R
MRS Rk RE, 76 8C MLV E N n LAAR E T
1000 & . FIGER B AR F Bk E M Rt A — 58 &K
#, Huang 21978 52 R 5| ANBOT R, HEH
LB TN BRCIR TRUEE £, JE ek PR sk A A AR AT 5
il 2% A0 58 Ak B2 B RN B B AL B T 5 0 R Bk AR
(N-GCNs)o HA B m 7 A 5355, gKFLEE 3
HEL, IR T sE MR S TSR
77, TRV $ e FL A L RS BE 70, AT o 3 A4 RHAE FEL TR
H () L 25 (1253 mAh-g ) R SR AE (B 5(F)).
23 RRBEME

ERTERRAE 9 SN 1 (0 481 55 R R I H 2
A, HEARIFMERER, By HES
KRN S FE A& . TESEBR N H, BB AR > E

B AR AR RL, T T S SR SR A AN I A7
WA RL . A S R TR EE /S, R B TT 45 0 1
B s, BB mAEESR, /£RHER TR
TR EE 1R ES, HAE S I ek, JEH,
FEL A TR IR TR s TRV R E 1 SR E SRR N, &
T AR BT 2 1) [ 4 P A 5 5 T I (SEL i), s A4
BHERE T M. TR AR BBl I e ]
1 o Zhang ORI B8 S 208 (PVC) N JEURE, 4o
RIRA BT A, FHREE KRR, §l
PR E R AR ) B s 2 (] 6(@)) R AR AT SR 4 T B 1
Ja, ERE TR AR IR TS 330 mAh-gT
(K 6(b), H IR SEI JE B A BAK K BT .
Lin 2B Da & i, K bR 1 9 % s
PEF, 75 A 81 A I 75 0 ER (M CM B) 17 1) 2 1T 35 2 £
BIEEENKRZ. AEEENHRAEZE N SEl
T RS AR 2, HON B AR A A S )
Wi, R R ER, 4 nm R T E KA F T
MCMB Al [P B 7 Fth i FE AL 22 e e, TR =N
295 mAh-g 27+ % 347 mAh-g™, [EIB Ui bA ks
R 1 H 7 2 7% H BELASE Lt SR B HE R 47 () A5 2R MR e A
TEFR e R ko Lin 252 DL A (AR I 75 B 930, P %)
WA I B ) o5 7R 2, AT I L S 2R T
TiE 70 mAh-g™.

[ carbonization 3¢ (a) 0T
a - 60 min .E
~ 180 min 3
9 - 1 1 1 1 ¢
2 [carbonization 2# —t0r >4
st : 2
SF 0T 40T i 60min
30 i i i
E r mm'somm 35 min | 30 min; 30 min: ; X
= i i R HEN L $
[ carbonization 1# 00C
i 10 min i e0min
30min_250C J—32C " 6o min
r “30min ! ;30 min : H
i i s " s L s "
0 30 60 90 120 150 180 210 240

Time (min)

OH —@— Si-CA
_ ©) ° iuccms
L s ° 9-NG
OH HO = B SiNPs
g ° i
£°1 M
Hi HO ] \ \ \
3?4 1 o
= S .‘ﬂ\ 7
P ] A
Surfactant template £ |25 & 2 \
"P Carbonization S 2 J P, 9 R
sol-gel coating z il a‘r
y o %%
0t m“%mvw ’
5\ ﬂ 0.0 02 04 06 0.8 1.0
(_) + + CTAB Voltage (V vs. Li/Li")
H H ¢
[}
T
Si NPs Si@RF Sic@micro-C

K6 tfimxHIE A R BB R
Fig. 6 Hard carbon as coating layer for anode
(a) Multistep heating in different carbonization procedures; (b) Charge-discharge profiles of the sample with carbonization 2# in (a)*”;
(c) Mustration of resorcinol-formaldehyde resin (RF) coated nano Si™™¥; (d) TEM image of Si-C-G-15 composite; (€) PITT results of
Si-C-G-15 and capacity contributions of each component (AC: amorphous carbon; NG: natural graphite; SiNPs: silicon nano-particles)®”
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