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Abstract: With bamboo as a raw material, different hard carbon materials were prepared by different impurity removal
processes, and the effects of those processes on the impurity content, physical structure and sodium storage performance
of hard carbon were explored. The results show that after impurity removal treatment, the bamboo-derived hard carbon
has reduced impurity content and specific surface area, and increased interlayer spacing. With the preparation cost and
the sodium storage performance of hard carbon comprehensively taken into consideration, acid leaching is chosen as the
impurity removal process for hard carbon. It is shown that at a current density of 30 mA/g, the anode material with
prepared hard carbon can have an initial Coulombic efficiency of 83.87% and a reversible specific capacity of
308.96 mAh/g; it demonstrates a capacity retention rate of 96.57% after 100 cycles at a current density of 300 mA/g,
showing excellent sodium storage performance.
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1.1 MEERFROHE

AT (O #1125 BH ) 28 10K 2 OR Lk
% RGBT T RA L 80 C TR 24 h, TEAAK
SOUR BT E T AR TR S AR R AL, KR AR
AR LA 5 C/min THEZE 500 C R 3 h, dk4k
WA, H e H 2 =R 5 EURRMR =Y KR
IRERAL =W 40 5 5 200 H (75 wm) i, FEAS 648K
D5y} 7.178 pm SR 5 o3 A TR B 4%  TRIR B 2% Bk
BRI BR AU B AR A IR B 2% BRI BR 2%
BINRIZ B 2% 5 WRE & 3 il 4 45 4 KB 1T ST JIST,

B2 e AU T BT it s iR
A, ERBRALSE R LA S °C/min FHEZE 1400 C,
PRIR 2 h, ARSI U, BEY e H) 2 =R 15 BT 3L A
AL, AN ) B 2 T 20 i & 100 B e A k43 03l i 44 R
KB-HC JJ-HC .SJ-HC JJSJ-HC,

iR S5 R R R B R BR BT L 0.1 g/mL
AT AL B, S ANV FE 5 mol/L, L 90 °C Ak
BEAF] 3 h, SN 455 g B 25 B oK ek 2k,
R 55 AR R Y R R BB L 0.1 ¢/mL 3547
PRIZAL TR ER PR YR EE 1.5 mol/L, JRLEE 40 °C , kb BHA [H]
3 h, R ZEHENE, LB K ek = bk,
1.2 #MRRAE

3 o LB A A B ORI (1CP ) T 2% ot %
T R X SRS (XRD) R AE M RH AR 25 1 5 R
FHE T 508 (SEM) RAE A RO IE 51 ; R 15
SFPHL 0 B (TEM) USSR SR AR 2540 5 >R T b i
FUALAR ST AL ( BET) 04 ) L R T BURIFLAR |
1.3 BiEEaEmiL

Wri R SR IR  Super P # BTt 90:5:5
PISIREEIR &, G 2 N- FF 5 nb e Ay 17 79 9
TIRHIE R SR AR AR T AR T, 7 90 °C Has T
FEP T 12 b BTSRRI AR 12 mm
(B H R, VR R gt Y TE AR, AR b o o
KR EAE 15.6 mm BYEN A0 BN Z: AR, B
145 JBRRE LA 1 mol/L NaPF,+100% DME A B ff# i,
FEFE R TR 41 5 2032 B, K
AR ERE 12 b i AR 7 8 0B Je A T
BPEBEMNR . CT2001A W HL I 22 48 R 47 78 i v
D, H R 0.001~2.0 'V SR JTIE H, 7 1] BT e e A

AN T AP HER B, ke R A 30 mA/ g, FRSE
30 min J5fKE 1 h, FAZ4E DH7000C HiAk2F T AEu,
TTIEIRZE (CV) T,
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ANFER e T2 AR R me R ) FEE AT R & i
W1, M1 AT RERAAA R A Si K Na Fe
GRFUCE IR PRI )5, Si 24 & 82/ 2 0.033%,K
Z IR R 0.049% ; TRIZ R Z4%)5 , Fe .Ca Na 245 &
A 0.042% .0.028% .0.066%
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Table 1 Main elemental impurity contents in hard carbon after

different impurity removal treatment %

KSR S Fe Ca K Na Cr P Si
KB-HC  0.081 0.050 0.90 0.12 0.0020 0.063 0.043
JJ-HC 0.070 0.055 0.049 0.23 0.0012 0.060 0.033
SJ-HC 0.042 0.028 0.12 0.066 0.0013 0.051 0.042
JJSJ-HC  0.033  0.028 0.053 0.062 / 0.050 0.034
TE: /7 R & IR T A IR B R R,

22 BUMRSH

BT Ry A ) Bk 2% T 20 28 1% s e A4k SEML A1
TEM 81 )7, SEM F3#r 4 R R, A Al B2 T 200 4 1
BERATEHE AR A, RSP AE 5~50 pm Z 8], TEM
ST SRR A R I TCF S, F R A
o Ko PR 8 1 e ) AT FL SRR 2L

AN 2 T 200 5 B RE e AR XRD I35 8 e B
SRR AL o A LR 2, ASTR] s 2 T 25 i 45 1 s 3¢
MAEIES LR 2, HE 2(a) A, BT R0 R
FE 23°F1 43° [ A 2 4N BH 5 TE AL A AT 5 06, 430 % g
(002) F1(100) FATTERF b T, % B RY (% 3 e b1 B, 36
HIAE e M4 B R E KRB C P 45, Sl bR 24 e,
(002) SHTAAA BEAS /N, J2 IR R, FE T Bragg J7 2
Scherrer A4, KB-HC \JJ-HC ,SJ-HC JJSJ-HC 12
[EFE d A RST L, 43 51124 0.380,0.385,0.381
0.386 nm#ll 1.205.1.133 .1.120 ,1.094 nm, %5507
Zoat iR AL B B e kL2 B BE AR K, TR A NaOH 1R
B 22 5 AU B BB (—OH . —CO0™ 5§ ) L A= B
SR B 2(b) | (e) ATHL BT FE & SR
I 74 4598 ph 28, KB-HC | JJ-HC . SJ-HC A1 JJSJ-HC 9 kb
FMHAM 9 4.68 .1.61 .1.88 Fl 1.67 m* /g, HFE2 1]
M BRI/ B R 2 Y RE R A e R AR AL
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Fig.1 SEM and TEM images of hard carbon materials prepared by different impurity removal treatment
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Fig.2 XRD patterns, adsorption-desorption isotherms and pore size distribution curves of hard carbon materials prepared

by different impurity removal treatment
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Table 2 Physical parameters of hard carbon materials prepared by
different impurity removal treatment

XRD 437 BET 434

FEfh BEE  HRRSE HERm Lz FLIEF
d/nm L/om  S/(m? -+ ¢g™') D/nm V/(em® - g7!)

KB-HC 0.380 1.205 4.68 12.65 0.014 8
JJ-HC 0.385 1.133 1.61 16.14 0.006 5
SJ-HC 0.381 1.120 1.88 13.20 0.006 2
JJSJ-HC  0.386 1.094 1.67 12.71 0.005 3

MR BB AL BES | B AR R LAS A BERIR SLBR S F
Z SR AL R BN | L A T AR AR AL AR 1Y
Ko BRIEZA, K JCEAE B i i AL B BE 2 ik 2 AL
BR BRZRAb S LR T ORI K JCR A RGE G T
LR AR A3

2.3 WERM B ER AR

AN B 2 T2 45 B R e Lt g DL T 3 A
3, MK 3 ME 3 AL TE 30 mA/g LR E T,
KB-HC JJ-HC ,SJ-HC JISJ-HC ) WA ] it
FE 2S00 K 81.95% 84.12% 83.87% 83.98% Fll 280.52
296.59,308.96 .305.66 mAh/g, AHXIARBRAAE N , Zeid oo
BRI i+l AL B, RT3 A A I T 16.07,
28.44 25.14 mAh/g, X2 TRRBACIES , B Ach R} EL
FRIAIFRREA, AT a2 [ 44 A fif Jo S T B ) T G, i e
BECRCR, BLAh, BRARFE KPR T Fe Ca,Si %245
JUER, & m T Al 48 5, KB-HC, JJ-HC, SJ-HC Fl
JISJ-HC BB 25 (LR T 0.1 V) 20518 124.78
136.70,145.02 F1 139.24 mAh/g, &3 285 LA A
36.45% 38.77% 39.39% F 38.28% , %1 BRHHZ| 1, 1



55 4 )

FEIEAS, 45 AT IEAE e O AR IR BR 2% T BOLA# A TEREDT 2

161

BTG EALERIN Y BB EART P G A AR
A5 R 7 LR, T LA T, 7E 300 mA/g
LI B8 R AEEF 100 B8l KB-HC JJ-HC .SJ-HC H1 JJSJ-HC
(RT3 LY 25 8 43 ) K 228.45,275.81 ,284.59 Fil 289.03
mAh/g, 2R R Y5 R 87.51% .97.42% 96.57% Fl
97.03% ., Zead FRARAL B, 25 53 X018 P11 i 52 M 8 K 1Y

He w2

2.0

(a)

g 15}F
+c=
“
< 1.0
2
S~
=l
2 051

0 1 1 I I

0 50 100 150 200 250 300 350
bt/ (mAh - g")
350
(©)
300 pisttssii g ——— ey

'T’\ M
on [ —
= 250
E 200+ 300 mA/g
=
”& 150
N —s—KB-HC
W 100 (—e—JJ-HC
= —+—SJ-HC

50 |—e—JJSJ-HC

0 1 1 1 1 1 1

0 20 40 60 80 100
PEIRREL

(a) BHlEEBRMZ; (b) HERARARN M,

%R/ (mAh - g")

A AR/ (mAR - g)

Si Ca SFICE " MORMEMEREA iRt 3 000 mA/g
HLE T, KB-HC JJ-HC \SJ-HC F1 JJSJ-HC AT 1
ZEm R 57.60,138.94 138.20 Al 140.66 mAh/g, #H
e KB-HC, 284 R Ak JHL R 25 14 B e b RHAR 321 BE AR
B 7EGE  HHE TR R BRSSO (5 TEM 23 B 45 R 40—
) ARG VAL S (R A R T |

500 40
&) [smwsR
CFa%i
4001 e piAH rSV\
139«
S~
300 =
/ |l 2
138
200 &
B
—37 &
100 - /
0 1 1 1 1 36
KB-HC  JJ-HC SJ-HC  JJSJ-HC
AR
350
() 90 mA/g
300k et U150 mAlg 30 mA/g
300 mA/g b it
| 600 mA/g fifaes
250 |-
mmmmn 1500 mA/g
200 - pev e
L 3000 mA/g
=0 —m—KB-HC mmnfeen
100 |—e—JJ-HC
—+—SJ-HC
50|- |—e—JJysi-HC EmmEn
0 1 1 1 1 1
0 10 20 30 40
PEIRREL

(c) TE¥PERE; (d) fERIERR

B3 AEERZEIZH&MERM AN

Fig.3 Sodium storage performance of hard carbon materials prepared by different impurity removal treatment
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Table 3  Sodium storage performance of hard carbon materials prepared by different impurity removal treatment

KB-HC 81.95 280.52 124.78 87.51 57.60
JJ-HC 84.12 296.59 136.70 97.42 138.94
SJ-HC 83.87 308.96 145.02 96.57 138.20
JJSJ-HC 83.98 305.66 139.24 97.03 140.66
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FARES R EEAR T 0.1 V S KR, D, . Rk
TR TR p e, M KB-HC, 7EHL R T 0.1 V
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Fig.4 GITT curves and Na" diffusion coefficient of hard carbon materials prepared by different impurity removal treatment
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Fig.5 CV curves and fitted curves of hard carbon materials prepared by different impurity removal treatment
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