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Study on regulation of pore structure and sodium storage performance of
peanut shell-based hard carbon
ZUO Yu-cheng, JI Yan, ZHANG Jing-tao, ZOU Fei-yang, GE Zhi-qing, CHEN Zhao-yong "

(School of Materials Science and Engineering, Changsha University of Science & Technology,
Changsha 410114, China)

Abstract: Using peanut shell as raw material, the modified peanut shell based hard carbon anode material is
prepared through using solid phase melting diffusion carbonization method to regulate the pore structure of peanut shell
based hard carbon.It is characterized by means of scanning electron microscopy (SEM) , X-ray diffraction (XRD) and
automatic specific surface and porosity analyzer. Constant current electrochemical charge-discharge test, cyclic
voltammetry test (CV) and electrochemical impedance test are carried out on the assembled sodium ion half battery.
Results show that the reversible capacity of the material can reach 350 mAh-g™" at a current density of 30 mA-g™'  and
maintain at 335 mAh-g™' stably at a current density of 300 mA +g™'.The material can have excellent magnification-rate
performance at higher rate charge and discharge.

Key words: hard carbon; sodium ion battery; negative electrode material; electrochemical performance; pore

structure

BB L ( LIBs ) #IA Jhy o i F 19 i g
Rz — FEARFRR & RERIN A", TR
AR, IR AT S BNz B, R, T 2R
RSB E

BITEML ST AR S R, TR
(SIBs) (IIF & rh a2 3 T Rt o6 L AR ol
T A AR, TofL TG R ik LU A% SE i A 55
T RE S £, BLAh, 5 A SR e, 1 S R
(1100~1 500°C ) Fn4 % i3l K ik a] R A 4 B
SR A YRR R T LU A s, 2 H sk,
i s il 28 10 K38 43 T AR IS 2 AR P 3 A o
R R AT B RIS R AU S LA R
J=—FPAE 2 000°C T B IGHE A B rhk, & —Fh JC)7
A S, B AR 2 S S50, & A Kk

W AR AN E A B FLB . BT R 2y,
REAEHLERT B 3 AL TR R B W RRE i
A7 FLBIETE” e G h L FE v, 2 A N e
ARy ArEH 0.1 V L BRI AREIZ 0.1 V
DTHFEREeEd s, 8 HA IR, &F KR AEY
JEAA R e SRS A T OREE AT
FEZE R SR AR SRR AR TR S A
b BB £ A AL R

AT AT Z LG5, P FLAE /N T 2 nm
P ELAT sl e, B 5 6 e Bt rh 9 5 4
FHE AL (FLA2>50 nm) AL (2~50 nm)
JUEAR B AERE 17, Br AL ES M 1 8 35 2 42 T 2
FLAE RS BB 1A R0 S0 A I AF 5 3k
Xof A TR R AR B i FL, G0 KOH™ | 3 2 B R

%5 B #A.2023-12-07 ; i€ B H #1 : 2024-06-07
BEEWH . ERARF2EIL4E T I H (51874048)

TEE BN TR (1999-) , B WA WF9E 7 10] S 4k e 7 i th B Ak 7R 4, 1017082205@ qq.com; A 55 (1974-) B i+, #0874 F
Uifi , W5 07 1) A Sk B b 5 b4 R 38 THEK & N, chenzhaoyongcioc@ 126.com



2024 £ 8 B

B I X R R A AR B B TR AL, T AR T
V-5 A0, IR THA Atk 1) B A ik 4 i, SR T, 0 T
F 5 B2 A R LA Y A W Ok B, X HEA B
AIFLESH TR P2 RIS

P, 2235 LUK S A6 A 7 o IOk & 1 8RR, 5
SR FH IR Rl ™ SO0 FH 25 bR LA A B e A 7
TEUHERFTE Y L WEIE T A R O X R AR 2 4
HELAE~APERERY R

1 R &

1.1 SIS ERFNIKF
S0 T FURF A AN 32 1 R,
F1 ER#IRXF

2y AR A% PR R
ihAR (HC1) Syt FCARRIRE AL A
E AW L) (PVDF) FR905 R
N- -2l Syhral PRE YN

Je B (NMP)
HL A 1 mol/L NaPF, in DIGLYME £ 44k
SHAR (PR Sy Hral - G BEAL T
i g BEIELT 4 PR

1.2 TEmMEIHE &

DY)V e s ) b & S e e @ b e
VEFERTE M A2 BT 2R Bl S 7E SO T4 v T
80°C Tk, By W I 1 0, B 150 m LA FAEAE 5T A
Jop g T A R R AR T BL 5C/min
TRZE 500°C JF AR IR 2 h, 75 346 A 52 A7 A A A i 9K
A, KRB EEBRTTEK A F] 2 mol/L HCL ¥ W VE
2 h SRJE B ok s EaR, 58] pH 2920 7, 7F
£ 80°CHER H 08 12 h, FI TG LY Hk ¥ Uik
S AR R T BKAA 7 00 55 R A W ERE TEA R T
HILIEG ¥4, 0F HAE RIS (Ar) BLE 25 551
T FERS = TR AR SR EE T IR 2 h i
FLFe e a0 S AR e i) KL S A FL 5
RS G BIR-AFES LA 5°C/min FHEZE 1 300°C
JF ELARTR 2 b, Bl B HSEG T 250046 2 Fis

x2 HRHNEIE

A LiES m(ETARA) :m (HEZE)
HC-0 ¥ —
HC-1 EikeL 8:2
HC-2 TR 8:2
HC-3 TERY 8:2

HC-4 AR 1:1

EFIEF R ETERBRSL SRR RAETAIEREAR - 11 -

1.3 HBR#RHE

FEBTEE LG 8 ¢ 1 ¢ L A flk T Al b ) & b B AN
PVDF 1A, A F ¥ 77 N— FF 35 nH % g i 75 978 )40
Ko WG HIB SR 20 wm JEEHE L, R )5 F
80CHZA T 8 h, M ML ERE N 12.0 mm
AR -, A5 200 B R VR IER, 408 4h
R AER M, BERS £F 4EAFE AR, 1 mol/L NaPF, in
DIGLYME A i W, 7 70 6 S A< T 2540 0 4 3¢
CR2025 A=

2 RIESWK

2.1 SEHIRME

FIF B AR 22 8158 B 24 77 1% Rigaku D/MAX
2000/PC X HHERAT SR ST T XRD 4347, Cu
# Ko 585, TAEH RN 30 kV, TAEH A 30 mA,
PR S E S 10 ~ 80°, HAH Bl 5°/min, F
JH JEM-2100F 37 % S5 49 4 L 0 A B W 55 5 IR
i R ETES . A 4 A 3h b 2w AR LB /0 AY
5 B i R FL B R/ N 40 A
2.2 HAFMR

By e AR TSI E 12 h 5,
LAND CT2001A %Yyt il 3 2 Ge0E 47 70 55 FEL A6 34 LA
FAGZRPEREMIR , ] Arbin BT-2000 Hi k2% T AEuk
Xof FE b AT AR R AR 22 R E Ak 2= BT

3 ZR5WE

3.1 ERELEASR

HC-2 5 HC-0 () X ST e R uE 1
Ji, N1 HaT LA 26 16 23° 1 43°ffHr 1 3
2 A Falg 43 R TR BRI D (002) FT(100) FHAIE
At . I A RiA% 5 R 2d sin O=nA ] LATHEE
Tl 1Y 23° BFFIT A D (002 ) 7 5 16 -2 J2 8] BE 24
3.755 A F13.775 A, f TS a5 BT LA i A
5 2 [ FE IS K 25 FIRE S HC -0, X AR A B2k

\/\\/\_____2_—
\’\--f\.____l___

10 20 30 40 50 60 70 80

TG BE /a.u.

1—HC-0;2—HC-2

B 1 HC-05 HC-2 # XRD #7454 &



<112 - LA 4L L

T A RERRAH LU A W S e 7E A R e AL IR B
A R A R A 2 R B SR AR A AL, 3T H
HC-2 £ 10 ~40° BRI SR 1 5 T HC -0, X X
N T A

AN A BURE S 0l L BE (SEM) B
Kl 2 iR, M 2(a) faTLIFE H, HC-0 TEfRfL S
BRI ST e 5 A8 AR Fe ) Z L850, hIE 2(b) ~
& 2(d) AJ41, HC-1 HC-2 HC-3 FiXf R4 3 Fiobh
FSAERT R LI rh 1 2 3R R 15T 70 ol (0 7 15 L
XS FBESSBR AL TR 8 A, 100 B R s 1) FL &5 ) 349 %
TARME, RALE & 7 B il B T S e, ]
2(e) N, HC -4 v Bifi 45 050 2 A 39 0, 76 FL B 1A
HIEA PSR R KALEEH , (AR PR RE S L AR e
Z 2RGS0 itk 45 1 i i K AL 5 A FLALZS
MeggtETHRSEE, ILIRE 2% /N /MY
ffL.

(a)HC-0

(d)HC-3

(e)HC-4
K2 FHE SEM B K

HC-0 5 HC-2 By WJBE B ith Ze AL A2 o3 A
M aniEl 3 Fias . KL 3(a) Hal LUE i, 78R3
HIY B, p/po<0. 1 B, T2 ZUR EF 33 X0 by % AL
HIW R, I H HC-2 YRR R T HC-0, BEE p/p,
B3R, W BfE R 2R 18 T, 4T3, HC-0 5 HC -2
B H A B0 1,525 6 m*/g H1 2.430 4 m*/g,

F445FESH

I HAMAL R A 0. 873 8 m*/g F111.396 0 m*/g,
Ui B 3 T AR 4 T 32 Bk U T R LB 1 38
T 2 8 B 1l AN B 2 b T AR L R TR B 50
(<10 ce/g) FTE, HE 3(b) WA LIA H , HC-2
/NF 2 nm A FLAE RS IFLER S oK T HC-0,
AR T L & s B, 9 BT UR IR
AfL(>10 nm) R B /N T HC-0, B FLEY
LKA T4/, SR B, HC-0 F1 HC-2 [
PIfLAE N 14,422 1 nm F110. 912 3 nm, PEHLENIA
WEEJE FLBR R A K AL & A T3 5, (A5 F L2
TR,

5
—'39 ab
8 f
< 31 i
& o A
£} Ay
= '-,,,;’/';
2 e
e~ R I o 1
R s~ 22 il
0 02 04 06 03
X ETI(p/p,)
(a) AL i 2
0.0012
7 0.0010}-
o0
& 0.0008
=
< 0.0006}
E
£ 0.0004} 2
< 0.0002} i
0,000, btETE Tttt e a0 00 0y
024 6 810121416 18202224262830

fLAEK/N/nm
(b) FLERAT A 4k
1—HC-0;2—HC-2

K3 HC-05 HC-2 & A % LM eh 4 Fn
FLAE A b &

3.2 B{EMEsESN
AR S 7E 30 mA/g R 3% B T B9 B IR FR i
HL T A& 4 Frs . f B 4 A1, bR FE 0L 25
M A, 5 0.1 V LRI E S 4
#®50.1 VLU EWFEERE, @i LUgEN
3.0
2.5F
> 2.0
EEJLS
LOR
o5l
0.0

0.1C,0.001~2.5V,25C

RN

0 100 2()0’3()0 400 500 600
JR A AR/ (mAh- g™)

1—HC-0;2—HC-1;3—HC-2;4—HC-3;5—HC-4

B4 &g RFTRE &



2024 £ 8 B

R BRI 2SR i 4 T U TR A R A R T R
i HC=0 2547 fr It O B SRR WA Frie 7t B
PR 5 A AR T, 3 o Xoh 0 25 S AL AR 1Y
S, BARUE N 3 R

&3 HmEIRLFEMEEE

i BHWAIRE, CPAAR/ FAAR HWER
s (mAh-g™") (mAh-g™") /% B Y
HC-0 280 168. 12 60. 0 67. 84
HC-1 311 196. 53 63.0 71.90
HC-2 350 227.27 65.0 70. 66
HC-3 314 192.51 62.0 73.56
HC-4 328 205. 06 62.5 69. 34

BEESER SR K 5 s, hids
(a) ATHL,FE0. 1 C FAEMREIL 3 UG, &4 EHE L C
TR AER %, HC-0 £ 1 C F 80 )5
AR EAR % R 93% ,HC-1 HC-2 HC-3 HC-4
25 DR R 2 50 1 94.8% ., 97.9% ., 97.8% .
94.2% ,HC-2 HA FAEMIEIRPERE , A L F HC-0,
AR R B BR AL T, ULEH I 75 R R, B
I LU 5] A 8 < 2 1 J e L T A Al L Bt ) L FE IR
ef,0.1 C FHAREEXH T 350 mAh/g,1 C T
KET 335 mAh/g, [AIBS, B HC—4 A1, Bl 25 A
PRI S A3 B B I, MR 25 8 B I ko PR
AT A B AR 7 T A i, il
FRICA R R, dilE 5(b) nl A1, B A I 2 F) 3

1C,0.001~2.5 V,25C
[P

o 320777
& 280 [ mm—

=Eahoiw

8 16 24 32 40 48 56 64 72 80
1B BB

(a) fEFRERE T LK

0.001~2.5V,25TC

H:1C0.2¢
—~3602%1¢02C o 5c 1©c 05C ¢ 3

0571015 20 25 30 35 40 45 50 55 60
EIR %
(b) fir e rERE I £k
1—HC-0;2—HC-1;3—HC-2;4—HC-3;5—HC-4

K5 H&mErsgxn

EFIEF R ETERBRSL SRR RAETAIEREAR - 113 -

KPR HEE W N, B T HC-4 LIAR ek
PERERL HC-1~HC -3 78 M= 5 R 8 B bk
A, Hag il /N T 28 A RE S HC-0 HLA] i 55t K
F HC-0, Il HC -4 FA7E A 47 3 78 i Wi 25 A A i
fie A5 B AR T AR I AL X AE 10 C FERA
S E B AL A R BT R S S
fis M5, 24 U % [ 31 300 mAh/g B, Y RE
TR AT 1 C A&, X S 2 ik A &
HA W ZLZRGE M AT 5

FERTE 2.5~0.01 V LR E N, FHGHEE N
0. 1 mV,3 YWHIH IR IR 22 i 42 % L Ak 2 B A 1A
mE 6 s, ME 6(a) ~E 6(e) HRTLIE H 7R
1 AHEIA] B RE AR AE 0.2~ 1 V AL ERFE B AR
X V-G (AN T 3380340 JE 068 | 3302 4N 2 76 L AV
SRR A R} 2 18T SN B ) [ R FR A T (SED) B
HE—E BT LR BE, B 6(b) ~ & 6(d) Bk R I
EAMIEL TR 6(a) 5K 6(e) H/N, X E5H KK
A2 i) HC-1 HC-2 HC-3 HA7 8 1 IR
CRCRANIR . I+ FLAEFTA RE i, T SR H
A B B S 2R L T2 2 E A, B SET B
A H B T VR R Ao R e S AR A T E A
fE, MR AR T 0.01~0. 1 V LAY R IEXT
N RHE & 25 B B M AE 0. 1~ 1.2 V LR IX [A]
MR AR R 2 e B X 38 5
BT E AR BB AR/ R AR G, R 6 (f) W]
T RSB BE T AR LA, A 2 T, a5
FEfh HC-0 BHLBTR T Br A e RE i, HC -2 AYRH BT

0.0015}
0.0010}
< 0.0005}
& 0.0000f
2 _0.0005; V\zs
1 3
-0.0010}
-0.0015 | . . . ‘ .
00 05 10 15 20 25
HE/V
1—1st;2—2nd ;3—3rd
(a)HC-0 1y CV ik
0.002}
0.001}
<
s 0000 T
2 o001} 12,
-0.002}

00 05 10 15 20 25
HE/V
1—151;2—2nd;3—3rd

(b)HC-1 () CV &k



- 114 - LA AL
0.0015}
0.0010f
< 0.0005}
£ 0.0000f
# _0.0005} 123
—0.0010}
-0.0015} . . . . .
00 05 1.0 15 20 25
HLE/V
1—1st;2—2nd ;3—3rd
(¢)HC-2 1y CV <k
0.0015}
0.0010}
« 0.0005F
£ 0.0000}
2 _0.000s} 123
-0.0010+
-0.0015 ‘ . . ‘ ‘
00 05 1.0 15 20 25
HE/V
1—1st;2—2nd ;3—3rd
(d)HC-3 Yy CV Hhizk
0.0015+
0.0010+
< 00005
£ 0.0000f
& L
-0.0005 P
~0.0010}
-0.0015} . ‘ . . ‘
00 05 1.0 15 20 25
HLE/V
1—1st;2—2nd ;3—3rd
(e)HC-4 B CV ik
" >
S 16} 2470 01
£ 14 s .
w121 | SR
B10F R, CPEI CPE2WI = * .
= gt s 2
* 6f R, R, £ ¢
S 4 &g
2_
0—% % 6 8 10 12 14 16 18 20
HLAL 2 BB/ Q
1—HC-0;2—HC-1;3—HC-2;3—HC-3;4—HC-4;5—HC-5
(f) Ak BE R L

K6 FE&mbuy CV d2& | bR B b= 4 F
A%, X 5 HAR R RE— 2, M BoAFT HC -4, HiBH
e ERE S p B, X RO I R RS A 5 A
By TR AR RR , 1 H 5 R R N e A T SEL
JIEE i 75 BB I AR K
4 it

PAFELE 7 0 BEORE SR FH I AR AR Rl 9 e Ak, )
FIREISAEIERICR SN B sl i, 2 SR IR & -

F445FESH

T B Aok A B T ) T et 1 A A e A AR R
PEPE T HALGE R BT T AR TERE, S Y N
TR, B s TSR 5 TR A B 3 LU 8 <28, A R
ffifc LA e LR B Ak 22 P BE , 25 R R I, H 30 mA/g
B R AT 25 350 mAh/g, 1 C fE# 80 B J5 Al
WiZS N 335 mAh/g, HERFFFEN 97. 9% ML T
25 FIAEAE e AT AR BB FE i, 30 mA/g 7Y YR ] 4%
O 280 mAh/g, 1 C ¥ 80 Bl 5 W i 5 & h
239 mAh/g, WEMFFR K 93% , TEIF 515 R AR
AT, AR S A B8 A R ARG
A EORRNR R SO A, Rt 3 Y A B e i
ST AR AT AR B B O, B S XA
HESSFYFRAE 7 SEM ¥ fe R BB A b 5e
FIILFEAT M, 6 XRD F1 BET 328 1 BEIE I 3 45
DUSAARRR SRR 72 9 46 A 72 5 0 281 by il £l
BT F AR e SR AR R ) PR AL T — R 4 A P AL
SEFEE B T H S T AERE S IR BRI AR AL AL
[, F T AR S A PR 3 DL S A kR, ok
SRAEH e RAHRE R 40 L R R SR AN AT Al i

S 3k

[1] Nitta N,Wu F X, Lee J T,et al.Li-ion battery materials; Present
and future[ J ] .Materials Today,2015,18(5) :252-264.

[2] Delmas C.Sodium and sodium-ion batteries; 50 years of research
[J].Advanced Energy Materials,2018,8(17) :9-21.

[3] Hwang J Y,Myung S T,Sun Y K.Sodium-ion batteries ; Present and
future[ J].Chemical Society Reviews,2017,46(12) ;:3529-3614.

[4] Zhang M,Li Y,Wu F et al.Boost sodium-ion batteries to commer-
cialization ; Strategies to enhance initial Coulombic efficiency of
hard carbon anode[ J].Nano Energy,2021,82,105738.

[5] Nieto N,Noya O, Iturrondobeitia A ,et al.On the road to sustainable
energy storage technologies: Synthesis of anodes for Na-ion batteries
from biowaste[ J].Batteries,2022,8(4) ;11-23.

[6] Chu Y,Zhang J,Zhang Y ,et al.Reconfiguring hard carbons with e-
merging sodium-ion batteries; A perspective[ J ].Adv Mater,2023,
35(31):2212186.

[7] Wang G,Dai Y,Yang H,et al.A review of recent advances in bio-
mass pyrolysis[ J].Energy & Fuels,2020,34(12) ;15557-15578.

[ 8] Wahid M, Puthusseri D,Gawli Y, et al.Hard carbons for sodium-ion
battery anodes ; Synthetic strategies, material properties, and storage
mechanisms|[ J].Chemsuschem,2018,11(3) :506-526.

[9] Yan M D,Qin Y C,Wang L X,et al.Recent advances in biomass-
derived carbon materials for sodium-ion energy storage devices[ J].
Nanomaterials,2022,12(6) :19.

[ 10] Matei Ghimbeu C, Zhang B, Martinez de Yuso A, et al.Valorizing
low cost and renewable lignin as hard carbon for Na-ion batteries:
Impact of lignin grade[ J].Carbon,2019,153;634-647.

(T #% 120 R)



- 120 -

Fl Fe P AR W HL F1& 18 58 1 L) RAEAEREZ 10 16 1
BREH . 1T Fe, P/BC-2-NaHSO, 904
IR R, R A TN SO, - Al OH.,

(1]

(2]

(3]

[4

[l

(5]

[6

[

[7

[

[8

o

[9

[

[10]

[17]

S 3k

Baskaralingam P, Pulikesi M, Elango D, et al. Adsorption of acid
dye onto organobentonite[ J].Journal of Hazardous Materials 2006,
128(2/3) :138-144.

B AR, S A A - R P R A A T A — i
TR AR RS 5 11 [ ] PRI AR, 2021, 15(7) :2274-2286.
Zhou X, Li X, Xu C, et al. A persulfate oxidation system for
removing acid orange from aqueous solution: Evaluation and degra-
dation mechanism [ J ]. Journal of Environmental Management,
2022,322.116054.

Baskaralingam P, Pulikesi M, Elango D, et al. Adsorption of acid
dye onto organobentonite[ J ].Journal of Hazardous Materials 2006,
128(2/3) :138-144.

Zhao J,Wu F,He Q,et al.Enhanced degradation of amiloride over
Bi, FeNbO, /bisulfite process: Key factors and mechanism [ J ].
Chemosphere ,2022,300.134573.

W, VFIDES | WRMEARL A 58 S0 Tl B AR & — O B0 R Sk R i =
TR [ )] ORI 2 F2E 4 (BT ,2023,40(4) :386-392.
WRIA G, Sy ] al Jel A B T AR R R 04 5 G A AL T Ak 5 TR ok
HEREL)]. Tl /KAb T, 2022,42(6) :109-115,124.

SN P, PME AESE LW BB R A 5 T AT
Bt I ] AL Tl R 274, 2023 (11) : 1-19.

XIEERN, 5848 BR UL, 25 A BRIOME AR e bR L BR K B
ANPEEIBTAL ] AR, 2021,50(5) :262-266.

Peng Y, Tong W, Xie Y, et al.Yeast biomass-induced Co,P/biochar
composite for sulfonamide antibiotics degradation through peroxym-

onosulfate activation [ J ]. Environmental Pollution, 2021, 268

115930.

(L% 114 )

Chen X, Liu C,Fang Y,et al.Understanding of the sodium storage
mechanism in hard carbon anodes[ J].Carbon Energy,2022,4(6) .
1133-1150.

Chen X, Fang Y, Tian J,et al.Electrochemical insight into the sodi-
um-ion storage mechanism on a hard carbon anode[ J].ACS Appl
Mater Interfaces,2021,13(16) :18914-18922.

Liu L,Tian Y, Abdussalam A ,et al.Hard carbons as anodes in sodi-
um-ion batteries ; Sodium storage mechanism and optimization strat-
egies[ J].Molecules,2022,27(19) :87-101.

Kim J B,Lee G H,Lau V W H, et al.Microstructural investigation
into Na-ion storage behaviors of cellulose-based hard carbons for
Na-ion batteries [ J ].The Journal of Physical Chemistry C, 2021,
125(27) :14559-14566.

Zheng Y H,Wang Y S,Liu Y X, et al.A high-performance sodium-
ion battery enhanced by macadamia shell derived hard carbon
anode[ J].Nano Energy,2017,39.:489-498.

Kim N R, Yun Y S, Song M Y, et al. Citrus-peel-derived ,
nanoporous carbon nanosheets containing redox-active heteroatoms
for sodium-ion storage [ J ]. ACS Applied Materials & Interfaces,
2016,8(5) :3175-3181.

Zhu'Y E,Gu H C,Chen Y N, et al.Hard carbon derived from corn

straw piths as anode materials for sodium ion batteries[ J].lonics,

LA AL T

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

F445FESH

Zhang L., Chang C,Hsu C W, et al.Hollow nanocubes composed of
well-dispersed mixed metal-rich phosphides in N-doped carbon as
highly efficient and durable electrocatalysts for the oxygen evolution
reaction at high current densities[ J].Journal of Materials Chemistry
A,2017,5(37) :19656-19663.

Xiao J,Li R,Dong H,et al.Activation of sulfite via zero-valent iron-
manganese bimetallic nanomaterials for enhanced sulfamethazine
removal in aqueous solution ; Key roles of Fe/Mn molar ratio and so-
lution pH [ J ]. Separation and Purification Technology, 2022,
297.121479.

Huang W, Tang Y, Zhang X, et al. nZVI-biochar derived from
Fe;0,-loaded rabbit manure for activation of peroxymonosulfate to
degrade sulfamethoxazole [ J ]. Journal of Water Process
Engineering,2022,45.102470.

Jian H,Yang F,Gao Y ,et al.Efficient removal of pyrene by biochar
supported iron oxide in heterogeneous Fenton-like reaction via radi-
iron-oxo species [ J ]. Separation and
Purification Technology,2021,265.118518.

He Z,Zheng W ,Li M, et al.Fe,P/biocarbon composite derived from

cals and high-valent

a phosphorus-containing biomass for levofloxacin removal through
peroxymonosulfate activation [ J ]. Chemical Engineering Journal
2022,427.130928.

Wu J,Sun Q, Lu J.Synthesis of magnetic core-shell Fe;0,@ SiO,
@ Mg(OH) , composite using waste bischofite and its catalytic per-
formance for ozonation of antibiotics[ J].Journal of Environmental
Chemical Engineering,2020,8(5) :104318.

Ahmadi M, Ghanbari F.Organic dye degradation through peroxymo-
nosulfate catalyzed by reusable graphite felt/ferriferrous oxide:
Mechanism and identification of intermediates [ J ]. Materials
Research Bulletin,2019,111.:43-52.

Mei Y,Zeng J,Sun M, et al. A novel Fenton-like system of Fe, 0,
and NaHSOj; for Orange Il degradation[ J].Separation and Purifi-
cation Technology,2020,230.115866.H

2018,24(4) :1075-1081.

Zhang N, Liu Q,Chen W L, et al.High capacity hard carbon derived
from lotus stem as anode for sodium ion batteries [ J ]. Journal of
Power Sources,2018,378:331-337.

Cao L Y, Hui W L, Xu Z W, et al. Rape seed shuck derived-
lamellar hard carbon as anodes for sodium-ion batteries[ J ] .Journal
of Alloys And Compounds,2017,695:632-637.

Liu M,Wu F,Bai Y, et al.Boosting sodium storage performance of
hard carbon anodes by pore architecture engineering[ J].ACS Appl
Mater Interfaces,2021,13(40) :47671-47683.

Song N J,Guo N,Ma C,et al.Modulating the graphitic domains and
pore structure of corncob-derived hard carbons by pyrolysis to im-
prove sodium storage[ J].Molecules,2023,28(8) :3.

Kamiyama A, Kubota K, Igarashi D, et al.MgO-template synthesis of
extremely high capacity hard carbon for Na-ion battery[ J]. Ange-
wandte Chemie-International Edition,2021,60( 10) :5114-5120.
Luo X, Wang Y,Shen Z,et al.Construction of hierarchically porous
biomass carbon using iodine as pore-making agent for energy
storage[ J].J Colloid Interface Sci,2021,599:351-359.

Yang J,Wang X,Dai W, et al.From micropores to ultra-micropores
inside hard carbon: Toward enhanced capacity in room-/low-tem-

perature sodium-ion storage[ J |.Nano-micro letters,2021,13(1) ;

9.1



