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PR = 11k BE AR B A B 1 v b SR AL LB &
B

B AT A A ) o AR AR R P 0 B 2 B R SR T /L 45 R Y A M LUK v TR 2 0 Il i, A
W90 52 1 = 2R R0 N7 8 077 0 B A A 0 SR AT A R R A B P R P S . DA R BN BT IR A, &
FRUEJE 47 BN B EON 2.5% 3R (S)  2,3-—HI3-2,3- 2K Tkt (DMDPB) il 44"
L SRR HE — 2RI H B (BDM) , 4% 200, 500 F1 900 °C 4r BURIRAT P 3EAT KB C[AIR
PARE NS AT IR, HEBIA I ATIER . 76 30 mA g &M T, REEN AR XC
1 RS2 (ICE) fEE 3 BRI &2 60.62%M1 159.25 mAh g'; XC-S. XC-
DMDPB Al XC-BDM Xt B 1 70 5 N 66.11%/194.38 mAh g'. 69.19%/204.43 mAh g Al
71.53%/211.53 mAh g™'s FFRIMERFEM ND-S K H K EEC R H ND 1] 40.29%4E 1 2 73.36%,
3L AR H 11573 IR £ 264.87 mAh g XRD 5 Raman 45 5 87w BRI AEBE R 002 7]
PEWE 3 K D/G AT R R AR RS — SAXS BARLRIFLA XA o~ LA 1.84 /N2 1.11
nm. PL 0.1 V HF, ND-S FMRHEEMESEN 23.6 #I0E 1198 mAh g, 5 R =1 E )
M 20.4%$2 2 45.2%, TIRRZ 64.5% M A B E . AR LS BET EEREAR M 520.80 £
148.39 m? g™'o FIRAE AR, T RLER R A AR Uit B R RIS PR L RE IS THAE G Rk
RS, FEARIUR AR X Tk o, 5 g i FLBRHIE RO e LR AR A1k, AR
P T B e 45 ) R A HR (AL S0 AR

SR AT SRRV BB RBL: ARSI (R



Development of High-Performance Hard Carbon Anodes for Sodium-

Ion Batteries via Low-Temperature Carbonization

Abstract: Controlling carbon skeleton rearrangement and the evolution of surface and pore

structures during low-temperature pyrolysis of herbaceous biomass remains challenging. This study
investigated the effects of three thermally responsive additives on the sodium storage performance of
biomass-derived hard carbon. Acid-washed elephant grass was used as the model precursor and mixed
with 2.5 wt% elemental sulfur (S), 2,3-dimethyl-2,3-diphenylbutane (DMDPB), or (4,4'-
bismaleimidodiphenylmethane (BDM), followed by heat treatment with successive holds at 200,500, and
900 °C. Nandi was used as a second precursor to evaluate whether the benefits of sulfur addition extended
to another biomass. At 30 mA g, the initial Coulombic efficiency (ICE) and third-cycle discharge
specific capacity of the elephant-grass-derived control (XC) were 60.62% and 159.25 mAh g,
respectively. The corresponding values were 66.11% and 194.38 mAh g for XC-S;°69:19% and 204.43
mAh g for XC-DMDPB, and 71.53% and 211.53 mAh g! for XC-BDM. For the Nandi-derived samples,
sulfur addition increased the ICE from 40.29% (ND) to 73.36% (ND-S) and:the third-cycle discharge
specific capacity from 115.73 to 264.87 mAh g'. X-ray diffraction and Raman’spectroscopy indicated a
slight increase in apparent interlayer spacing and a change in relative D- and/G-band intensities. Under the
same small-angle X-ray scattering model and fitting range, the equivalent pore diameter decreased from
1.84 to 1.11 nm. Using 0.1 V as the boundary, the low-voltage discharge capacity increased from 23.6 to
119.8 mAh g, and its share of the total discharge capacity tose from 20.4% to 45.2%, accounting for
approximately 64.5% of the capacity increase. The BET specific surface area decreased from 520.80 to
148.39 m? g ! after sulfur addition. These results associate.thermally responsive additives with improved
early-cycle performance of hard carbon derived from herbaceous biomass. In the ND/ND-S comparison,
the improvement was accompanied by a greater.low-voltage capacity contribution and changes in local
carbon structure and characteristic pore size, providing experimental support for structural control of hard
carbon prepared at relatively low temperatures.

Keywords: sodium-ion batteries;<herbaceous biomass; hard carbon; low-temperature carbonization;

thermally responsive additives; low-voltage capacity
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RTINS IR . R A R AR AN B, A D R T T IR i E S5 B
BRI RR . SBR[, A SR R IR SIS AR A AT T e A
AR AR RS i SREE AT 2 ELR HERR B Z A, AR BRI T2 )R R BE L SR ) fit 44 L L
AAT LR AT A 5, DRl H AR N 0 AR S 7 B A R 2 —[1-3].

TR R AL 22 AT N 2 BT IR R 2 . IR AR . R SRR S5 M« Bt U2 HE M B L 45 M S B R )
B2, JUHGR B IREC R (initial Coulombic efficiency, ICE) , BEn] g 52 ) bt % mA- A Bk i 175
S 1 B ARV 9 AR 5 T R AR O TR LT s, B 5 AR . S 2V A BA AN T S B A 3R
S T I FE AR DR[2] 0 0K ke PR] 2 s i) e o] ) 1) i 2 ) B L P A S i 7[RI 7 R A5 5 B R
ES R KBRS IHE R ZE R

AW FRIRT 12, FERIREE RN AE 6 I 48 D Rl s 45 A) (R 2 Bt T Bt e ARG sk o) % T FEE 2
EAARRWLZ I, BB TR iE 28 HELE 5 FLE5 RE 1R ft S 98 I rrli il 75 &
A 5 8 B BT IR AR RIGE SR T RS TR B, AT 4 S 07 B b AR5 72 g
8 5 M e A S SN B e e 45 K (4] P SRR gt — A o, Wi IR ) E 2 7S PR R T ) e
JERESHILERG, HIX—K R IR S AR LS ] o I e RAkon, 1E AT IR AR Bk AT
W, FTRE A G BURIR B R A PR RE I SRiB AR

AT 5 KT R LRI T B 2 5 A AR SR B A RO, R RE AR . DMDPB Al
BDM AT . =& B AR L RARE : ST BRAE ISR AF N 0] R AR TF 2T i PR
HEYFP; DMDPB W {ER R E TR C-C IR0 E %, HEhmErNOrERe
VIR A 2 R T 72[6,7]: . BDM. 7 AN LRI 0 0 EE, B0 11T RE S5 0 BLERAE I R o
L, AR SCGE— R FH <RI SRgs InFR i — 0K, A =& B M R ERPLE.

HARKAL, ASCLL 900 °CHE NG — Bl 28, 8 5 LB = S ARy 7 48 0 771 0 G B B Al e 38
PRI RERI S, FRAE R 3R R P BRI AR . it SEM. XRD. Raman. SAXS F1 BET
RAE, G 3 BRB BB E-AEIZ, S REmaii . LB R 518 R A & (8]
KWK o (WIS T R AR (R FEE X T VP A VA 0 70 5 A A 1k R R R, S AR IR P ) 5 s R 2 AR
e

2 SIS IRy

2.1 A5G

SRR REE -6, o B SO0 R ZE SR N AT IR . R ERER (HCL, FiE /%L
36.0%-38.0%) FTHERL (SO W H [ 255 b Al AT R A 5] s 4,4/ X0 1) ok Pt . % 4 — 2R 35 H e
(BDM) Al 2,3-Hi3-23- 72K T ht (DMDPB) 4 H EIERTH T AL B AR AR, HLfR
79 1.0 mol-L' NaPFe/i T- EC/DEC IRAN UREL 1:1) , IHRERHEER seli BHCA R A
Al GRS HIR R (Super P, FIBZD W H ARFERHRAEH RRIERI AT IR A 7] R SE 7R B AR AT
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4EFRP (CMC, USP 20 MH EfghThr T AR AR AR TR (SBR, 50 wt%) 11
HHASS: SRS (Cu, JEE 12um) W EERINT RS BARHARA R HhRE R A 5%
A 4EJEAL (Whatman GF/C, %5 1822-090) , WWHEEIRFFSAMRAF: &EMA (Na, 74
4l AR) W H H 2R A A AR AR @401, mall, WLERSUEGRAF .

2.2 FEURH

HAZT A (DZF-6030A) FlHL S KR B Bl —fER 2 A R A A By
(OTF-1200X) W H & HERH M BHEAR AR AR, FE4 (UNIllab) 114 H & E MBRAUN; iz
WY APl (MSK-T10) 14 HEHEIIT R EARHECA R AR AT RXBREN (QM-3SP2) 14 H 7 it
B KA A PR AT s WZiE a2 % (VRD-8) T H T AL B A BR A F] 5 M 0T 20 43
187 FH 26 O B RL B AL (MI-BL1206A) ;s GBLH HL LT I A BR A w1 A2 77 1) CT3002A FIBINA R4t 5
TRYNTTH R A RA R A P21 CTE-4000-5V HMNR R4 RIITANS B ERHA RA A4
FE) MSK-110 7540t L. 1 METTLER TOLEDO /A &4 =) JY-1002 41 RKF5
LI TR ZRIHAEE A BRA T A=) BSA224S 70 RV MRS IEINERAE T, RA T HAH
37 (Hitachi) AFZEF2 SUSO10 kg HAH M 7 B fsE (SEM) « HAH S (Rigaku) AF A7
(] MiniFlex 600 X $£:A75H% (XRD) . HORIBA /7= [) LabRAM HR Evolution 157> ¥ % Hir
ST, 3E[E Micromeritics A &) 4272 [ ASAP 2460, 23682 H AR (BET/FL420#HT) LA
Ik E Xenocs 2 FA4EFI] Xeuss 2.0 /NMA X BB (SAXS)

2.3 BERRAT LA &

2.3.1 Y FE WAL HE

A R T SR R T AD B FRA SR VR . TR PR RYSIR . BTk AR 25 B K
EVRIF R RE A, 7 80°CHA h T 12 ho BT MORE S HRE, HUWORIFE 2 min, JfiET
150 Hiffi. B 100 mLFTE A ECN 37%HIEERRIMA 900 mL /K HECHIERVEH; AV M K SRk
WAZEW L 1:20-1:10 B &, 7£ 70 °C THEJJHHE 12 he HhE 5 F/KBEG S8R b, /)
pH=7. [fiJ57E 80 °CHtA T4 12 h, FHFEAN 120°C, 0.1mbar FIE S HFE T4 12 ho

2.3.2 BVINFIR A

PR T 9 BT SR 55 A4 L8 N5 I vy REER B 5 QS U EL R T R 5 70 il KRR eI T
Je DR R B AR & IS5 44 SO B0 AU N AT AR T2 i B 2.5% . K EARON Smm
FISE AL BEER SRR AR T2 10:1 BB LLIR & JE N ERE REF, LA 400 r min ' BR/# 8h.

233 T BARS FE b E

PR A G FIRTIRAAR 10g 2 NI B T8 =00, ERFEEAAR PR, =i MES 2 h
i, LL2°C min ' FHEZE 200 °C F4RIE 1 h; BEJS LA 2 °C min ' FHEZE 500 °C F-4R3E 1 h; FHLL2°C
min ' JHE Z 900 °C H{£iR 2 he PAHEFR GERSHET FTEHRAHNEZRER.



WEAEN 5 mm PEACHEEERS PGP 10:1 KIBE R & 5 I BRERES LA 400 r
min ' EREE 8 ho A f A4 AL LR 1.
R 1 FERb A4 B S & S A o R I3 AR e I A 00 I AT kAR 1B o vk

FE f FIERES g1l 4 LR InE AR
XC FEE N i 0 200 °C/1 h — 500 °C/1 h — 900 °C/2 h
XC-S  RHEZ B 2.5 wt% [ XC
XC REZE DMDPB 2.5 wt% Al XC
DMDPB
XC-BDM %% BDM 2.5 wt% [ XC
ND [FEE7N ¥ 0 [/ XC
ND-S  F3kits L 2.5 wt% ] XC

2.4 R &5 ¥ Eh A

BiEHEM R SHRESE AT (CMC 5 SBR) #%THEFEL 8:1:1 #A7EH], Hr
CMC 5 SBR T EFEILA 1:1. B9, FiEHEARS 5 ik BRI 20min DUSEIATD
SrE BESE, FEEEIIA 1.5wt%f CMC 7KE#, LA 2000rpm B0 Smin, ELEE T 2P 3 X,
TEAIR IR BJEMA 4wt%H) SBR 7KF, LA 1500rpm B0 3min, HLEH 1% 2 K.

SKHIEIBR Y 50 wm B IR SEHE SR T JE 209 12 pm BOARTER T, BT 80 °CHAIMAE T
T4 12 he THRERIMA REATHRE, 2 EVIRERA 12 mm (AR 1.13 cm®) FEE
H . PR R MR S PR AR (1.00 £ 0.14) mg e 2fRIRE S T2 Bt 4 3 .

FHERT SN FEN OK. EFEWKT 0.1ppm) b T4%E, EH CR2032 AHn=lg
Mo ARIRAZEFR TS WA LAE AR BIRL4ERRIE (Glass Fiber, BT 16 mm) . i & HifE
W SRS, B R ANIERSE, JFdbTEEe. B3 5w s 0 i e DT
T &l T E#E12h.

2.5 AL S EE

A HULTE 30 °C R AT ER e MR, HIEE A 0.001-3.0 V (vs. Na*/Na) . A KH
300 mAh g E N R E ) IEHELL 2 5, BT 1 CXFM 300 mA g, 0.1 C XM 30 mA g ZEEH
T MR, AMEAM R R &

HIRECHZE (ICE) E XX NEEEE () HEE (RHEEE, 0.001 V-3.0 V) 55 EK
HOCiEY) HeaE G RE, 3.0 v-0.001 V) BIHE. HEARN:

Q%HE (0.001V—-3.0V)

ICE = X 100%

Q[&%E (3.0V=0.001V)



A RER AL 2/ 4 AT it DLIS T RT S 1, A ST 0 A0 22 4 2% 1 A B ok
(1 ELAC 2 LI

ND 45 ND-S {555 3 B ZEELL 0.1 VG5, S8 T 0.1 V A X 2% 0.1
V B SRR SRR XA . AR f/NEL. 0.1 V4 AU T AL 22 L, AR IR
RSG5 T3]

2.6 M BLRAE

KH SEM W% ND 5 ND-S FIBRLES . KA XRD ELEDRZHEVERHIE, I H(002) %8 1A B fili 5
KMZEEE, THEMAH Cu Ko K 1=0.15406 nm. Raman BURHE KN 532 nm, BMENKES
AW s SWEAHATELEERIERITH D Wwh G wigstt, MG EArEE. Saibit
TR AL IR RS, DA ECEL. SAXS idli, RAVEA+EROREHUN + 808 FEM, &
A XA 0.03-0.40 A, DL D=2R F/RBBEERAAE, JFHBOLABUA D 20U - I B
MR 77 K, BEREAR A Brunauer—-Emmett-Teller (BET) 77vAuH5, TALIAFURA t-plot
TiEAS, S B v RN 28 SR AL R B s R L2

3ER5VHR

3.1 REEBERRA A RGN RE EL

FIAIEA b NS B 5 B RO R RAT M i A B 2R AR, B 1 48 T XC.
XC-S. XC-DMDPB il XC-BDM Ff {7530 mA g ' 264F T ARG IA 4L H . X HRAE S XC 1 ICE
N 60.62%, 3 B LA RN 159.25 mAh g'. A 2.5 wt% B FiAR 5, XC-S K ICE N 66.11%,
B OXC 25 549 NE A B 3 EIHEILAE RN 19438 mAh g, B XC ##5 22.06%. XC-
DMDPB (] ICE 1% 3 B LL 28 70 5N 69.19%F1 204.43 mAh g, ¢ XC 73 Bl 8.57 N E 4>
R 28.37%. XC-BDM X NiBU{E Ny 71.53%A1 211.53 mAh g, # XC 435325 10.91 AN 5 Al
32.83%.
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B 1 REFAFERFE S E 30 mA g S FRITEHRE R (a) XC; (b)) XC-S; (c) XC-DMDPB; (d)
XC-BDM . KAt i 2 R B bRy i L B, 20 (il 28 O 6 300K
7£ 900 °CHI 2.5 wt% s = MBA s ~, = ANMGHEES Y ICE fIEE 3 Bl b s =15
T XC, ¥{EIF N XC-BDM > XC-DMDPB > XC-S > XCs Xt B =R vl i A 1 %
TSR R ) ARG AN R B, (BN [R5 R B S I 70 TR 8 e A ) 4% 428 s i) it A o

3.2 BB N R SR R 11 B PO RS M

NSRS IR RE 51078 2 00 ~Ph AR T OkAR, #F—P LA T ND 5 ND-S. K 2 &R,
ND K] ICE & 40.29%, =5 3 FEld A&y 115.73 mAh g'; ND-S ) ICE $2& % 73.36%,
33.07 NE A HXT RS 82.08%). o 73 B FE LA Sk B 264.87 mAh g, /1 149.14 mAh
gt CAHXSHEEr 128.87%) o BLIVAEMEITT S, FBTHUN B3k R ECEIRE & T R R .

(a? (b)

2090203020902 00909322332990320909203%900 'V 2900000009099 0399339300%9009% 9% W0

400 @
@9

@ R F R /mAh/g

@ M FE R /mih/g
@ # /%

@ MBS

Al
mAh/g

L]

g Hl‘l’A?F‘ﬁ_-'m h/g
fets L I

s Fo = ®aa. o
206 29090009000 0%03990 009939399

e
a
¢°0\I\I$GOCG\I00OOJJ\ZOG‘)JJ\'OJOOOGQODUO\ID

0 10 15
RIS 5

2 FIRIEMERAE AN E 30 mA g kA FRIEIFSE R (a) ND; (b)) ND-S. At il 2 A B sy i
P, AN ECHER. WIEE AR BEAR, SO THRIIEI RS E P K B B

RS RRY], GRASIOLE PR AT SRR TR s T AR R I, L B kA R A O R
JEE R, RUFSINZCRRA € WS R A IR, RN 32 2IRT KRR L R . At
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AL Ko B R RRAE RGN E , A AR — PR SO R 2 5 A T 23— 4 R
BRSO P 4 D PR A T 0 U A R s

3.3 ND 5 ND-S I ZMHFE R AESNIT N
331 B TEME (SEM)

3 ND 5 ND-S #£ 541 SEM Ef%:  (a. a2, a3) ND; (b. b2. b3) ND-S. KIFF{£E &M R b br R
TR A5E0, I T e SR L

SEM R 1 B I e m SRR ROROR 3 1 22 57 . Bl 3 Fos, ARG 1.00 k JBOKAE
BN, ND BRSPS B RTBOR I R IR EE IR B S i 2 ZVR-IE ;. ND-S #
A R ELE AR B AR B SR BOR AR B R s, LA it 280 35 AR PR AU A J=) 48
FLIFASGAHE . AL RREEE S BET HARBERIFAT &, P& MRS RIEA . Tk
SEM iy ] WAL TG Sl FLER AT L -
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3.3.2 X W EATE T (XRD)

— -

Intensity(a.u.)

EN AR

T T T T T T T T T T T

10 20 30 40 50 60 70 80
26(degree)

4 FKurRibEEk. ND 5 ND-S¥H XRD it . & £ 90 - DLE M 52,

K 4 i 7 AibFEEdk. ND 5. ND-S [ XRD K. PABRAEE I S 2480 43°F 1T )
g, o A JE T ELEBR H9(002) 5 (100) AT 5HHFE[3]. ND-S 1 002 WA 43 L& 576 23.5°, 2
[AIEE A 3.78A; 1M ND K 002U &5 fl& JG 7E 23.7°, JZIAIEE N 3.75A. iIX—ARfbhia A RESE A AN
AR SR N 5N DO TR A A R M 254

4 _ A
002 ™ 2sin@

A A X AR, 0 AT AR, EEEREARFR 26 (.




3.3.3 hr 2okt (Raman)

I,/15=1.017
ND-S
3
E |
2
Q
=
Ip/Ic=1.092
ND
T T T T T
1000 1500 2000

Raman shift (cm-1)

5 ND 5 ND-S 3R PE Raman Yl . WOR PN 532 nm, ik HALIL R IE. H—WIFAmF&.
1E3C D/G W B =M s I AR AE 2 (n=3) &

ik 5 iR, ND &5 ND-S ¥R UM kL) D 4 f G 7. D #7127 0484 Hh L7 1)
Alg MPIRARENE X, G5 sp?Bil 7~ (T NARAEHRENAT % P AR R 52 52 sp2 A1 At B4 e T
TR [RI 0 [8] . A HARELRIES, THE =N D/G WS HIAME 08 1.092 + 0.005 A
1.017 + 0.005. ND-S ) D/GH FrB&f%, IR INCAE 1 )= SRR M) S SR AH R HUR « 455 XRD
JIT I B P 2 00 2 T BE R B (1 25 51, mT DAY B AL B[R] 520 T R0 sp Bk 28 6 Rk J= ME BS54
A EL R ND-S 1D Ay, X B2 LR BRSNS 1 B 281 R a5 M o0 A, T RevE &
Ti A AR R, e MR o 1) 2T 20 AT



334 /MAFE X EEET (SAXS)

10° 3

10% 4

IOL?

10° 5

Intensity (exported units)

107"

107 ——— - ‘ ———
10°° 107!

q (R-1)
6 ND 5 ND-S &5 St41 bR A& F AL IE SR 1 SAXS #h 2k . BEALAR AU K& q, PARFR B 98 1(q),
KRR s PIATRE i 5 REAH ] o

SAXS izt (Kl 6) Eox, ND.5 ND-S 7EA[FHUR K& X 0] RIS F AR @A, I HasE
TEREE U REX R X 8 AR AE RIS, ND-S 7% q XAFHUEE T ND, 1M7E
B q XAST ND, U FEAS A RS B BUN STRFE 2 7 . 7R 2.6 TIITIRGE— 18 & 0.03—
0.40 A4l X 8] T, ND5 ND-S W42 70008 1.84 A1 1.11 nm (3£ 2) o BU& X [E) _EIR
JG, SERELERLRHE KRR, (BEFTH X AN ND-S B/ ND. 450N, Btk
B B RAE 9K ROBE U 25 /A8 A HBUE BB 5 X (R g, Ase sl T XIS
LB 5 P LA AR

2 ARG XIE R SAXS B AR ALAR

WEXE /At ND / nm ND-S / nm
0.03-0.30 2.02 1.00
0.03-0.40 1.84 1.11
0.03-0.50 1.72 1.31

VE: SR FIAR R AR 4 S5 RORR T HIUN + H o SR, 0 X 0.03-0.40 A, Kbk
{H D=2R, AR ARIGETMHE.



5% XRD 1 Raman 4528, BRISIGHRZHEL: . R spBRE5H S SAXS FRAEREEBI A A AR
XL RO IR AT N ZE IR L T 4T 5, FLAS AR AL SAR R A 5 22 8 ) SRk — Pl it
FETBCEL A2 73 #

3.3.5 SR B E-F B & KA B TR 0BT

Voltage (V vs. Na'/Na)
- 2

Voltage (V vs. Na'/Na)

0 50 150

100 150 200 100 : 200
Specific capacity (mAh g-1) Specific capacity (mAh g-t)

7 ND (/£) 5 ND-S () fE£30mA g FHIEE 3 BB E-AEih4. HIEE 15 0.001-3.0V (vs.
Na‘/Na) , SR R4 7 3 Al 78 L .

NRE— BT 900 CCHRIAL AR AT N BRI X it i8S BT A [R5, XL T ND 5 ND-S (1% 3
fER e 2k (B 7) o ND B3 h 28 32 3 BRI RS, 1 ND-S SRILH BB 21
RHETF 4. MR EEn 1157 ¥INE 264.9mAh g, MHNFEHEAED 106.8 8% 2582
mAh g, RKUFENEEBAIAER BN AE . BL 0.1 VIR R SLEREEZ £, ND-S
MK EZ & i ND ) 23.6 #9014 4119.8 mAh g, &R ERELGIH 20.4%REE 45.2%:;
X AENE 92.1 A 1454 mAh g (£ 3) . KHEX TIHRL) 64.5%K B A B E, i
A BT 2R BAR B E R, R AERE R X A G . 2R A B E ik, A%
TARHEX 5 ND-S BRG] BET HAFEIC, ERHE XSG, KR X %5 E A
{6 4% BET HIAMRE 456G SAXS FHIEREEZ 7, 45 R SRS N ] se e i 1 5 FL 0 RUBE 434 2
HoA Al 22w RURE , « BY SR AUAR AR AN SRR I AR RE s B STHRAT) A i b F s X TR) e — 1 & T 2 — ol
i BIHILHI3,5)¢

% 3 ND 5 ND-S f28 3 BB 75 & S i A 4y [X 45

=g ND ND-S
LA R / mAh g 115.7 264.9
FEHHAE / mAh gt 106.8 258.2
FHEX AR (>0.1V) /mAhg! 92.1 145.1
RHEEXEE (<0.1V) /mAhg! 23.6 119.8
KRR E NI / % 20.4 452



3.3.6 RABM S5 FLEW ST (BET)
N BB IS I S R SRS K S AR T B FLEE R, % ND 5 ND-S #0477 &Rt b o
Mo MRIRE N 77.35 K, KR F ) BET LLREA . t-plot ZHEWIHFLESITE 4. ND 5
ND-S K BET L& AR 2051 520.80 F1 148.39 m? g', ND-S % ND F#{% 71.5%; t-plot ffL L %1
FRHT 471.08 (5% 132.51 m2 g, AMEIAH 49.72 [5E 15.88 m? gt FiRZE RER, BENEE
AT R 2 AR B R D
# 4 ND 5 ND-S [ER I LR AR R ALE5 S5

2 ND ND-S
BET LR / m> g 520.80 148.39
FL SR AL / em® gt 0.2133 0.0784
t-plot LA / em? g! 0.1796 0.0535
TR o B SR B LA/ % 84.2 68.3

E: BRI E B A IS . SR LSS Y. ND 5 ND-S X E 71 P/Po A
0.99254 11 0.99210; HFLAAEF 5 EE i t-plot M LARAR 5 B 550K B FL 2 2 BLit 5

FLAAS b IR, ND-S (18 5 0% B FL 75 B /ND B9 0.2133 PR ZE 0.0784 cm® g, FA1IK 63.2%;
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  ICE =     Q  升压 (0.001V → 3.0V)    Q  降压 (3.0V → 0.001V) × 100 %
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