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Nitrogen-Doped Porous Hard Carbon as an Anode for Fast-Charging Lithium-Ion Batteries
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(1. School of Chemistry and Materials Science, University of Science and Technology of China, Hefei 230026, China; 2. Hefei
National Research Center for Physical Sciences at the Microscale, Hefei 230026, China)

Abstract: The limited capacity and long charging time of graphite-based anodes for lithium-ion batteries cannot meet ever-growing
demands. Developing anodes with a high capacity and a fast charging ability becomes a hotspot of the present research. Herein, an
N-doped porous hard carbon (N-HC) was prepared via dehydration reaction of sucrose and sulfuric acid and subsequent annealing in
NHj/Ar. The diffusion coefficient of Li” in N-HC reaches 9.0x10°® cm?'s™' due to the rich ultra-micropore structure (i.e., pore size <
0.75 nm) and the large interlayer spacing (i.e., 0.39 nm) in N-HC. The capacity of N-HC remains 704.0 mA-h-g"' or 269.2 mA-h-g™'
after 680 or 1400 cycles at 0.27 C or 2.7 C (1 C=370 mA-g™"). The N-HC electrode can meet the requirement of fast charging

lithium-ion battery, while the initial Coulomb efficiency needs to be improved.
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1.2 #HmRIE

SKH SU8220 Iz K54 Fi 1~ WA Bi(FESEM,
Hitachi, Japan) X+ i B TESBEAT W EE, R S5
TR HEL R 2 kV.e S 2100F 37 K 56135 5t o7 5
WS (FETEM, JEOL, Japan)XfkF 5t F SO0 25 4 34T
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(a) SEM image of R-HC

(d) SEM image of N-HC

(b) TEM image of R-HC

(e) TEM image of N-HC
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(c) HR-TEM and SAED image of R-HC

(f) HR-TEM and SAED image of N-HC

Bl 1 R-HC I N-HC Ff i FESRERAE
Fig. 1 Morphology characterization of R-HC and N-HC samples
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(a) XRD patterns

(d) CO; adsorption curves

(b) Raman spectra

(e) Pore distribution curves
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(c) N, adsorption/desorption curves

(f) Pore distribution curves

Kl 2 R-HC # N-HC ¥ 45 H R AE
Fig. 2 Structural characterization of R-HC and N-HC
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(a) XPS survey

(d) N 1s of N-HC

(b) C 1s of R-HC

(e) C Is of N-HC

(c) O 1s of R-HC

(f) O 1s of N-HC

K3 R-HC Il N-HC & 1) XPS il
Fig.3 XPS spectra of R-HC and N-HC
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C-sp” SESHN 37.1%M 31.9%, N-HC
C-sp” S RN XRD FAF4ER 5, WA 3e
Frw. B 3¢ 1 3f Frzs R-HC F1 N-HC # i H 4
JR T EBNHN 25.4%M 17.3%, HEJETEELL
O—C JE\fFE. B 3d N N-HC FEMHI N 1s &5

1.0F
%O‘D N-HC
05t
f_\C/ R-HC
2 00f
é ImV-s'!
S -05¢F
s
5 -1.0f
Q

-1.54 . : : : : .

00 05 1.0 15 20 25 3.0
Potential (vs. Li/Li*)/V
(a) CV curves

107 ;EEH_P_V/»
A
. 107
£
2
=
S 107F ReHC

———t—————+

1010 L L L L s
0 2 4 6 8 10
v/(mV-s™)

(d) Li" diffusion coefficients curves

300 R-HC
—4— Charge
—— Discharge

Specific car

0
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(b) EIS spectra
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(c) Relationship of 1g (v) vs. 1g (i)

(f) Differential capacity curves
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(i) Cycles curve with different mass loaded

4 R-HC I N-HC AR Al 2 L fE
Fig. 4 Electrochemical performance of R-HC and N-HC electrodes
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T AR ST AR B A, AR ISR A A
¥ % SEI Fragl'®,

TR HESE LiT & 5 R-HC FI N-HC HiA)
FM KA LI, X R-HC F1 N-HC HLARAE 0.27C
FAFNER 2 P T R i R AT T AR R A

(a) Before cycle

(c) After cycle

Mo A 4w, AENNRTEE N R-HC 1 N-HC H
AR P E 25 A 4 2R 50 HE B B A SR i, D
Xof N 78 JSCHEL B 2875 B B TSRO SF . R-HC H
WAE TR E] 0.06 V LA R B, il bb 25 s bt 1 (1)
/INAR AT B 3, IX AT RS L 7E H AR R TR A
PG o, M7E N-HC H, LiViARKEAERE
0.01 V LA'F; R-HC 1 N-HC HL#% &A= Li VAR
PLAS R AT B AR B 45 0 22 57 0%, N-HC #
At 1 22 FLES A R LiT 78 s R s i, A B
&7 Li' Mk WAk B A it e 380, i &) 4g~
Bl 4i o] W, N-HC HAMRAEM RN T R-HC
HA B s A EL 25 &, N-HC HARAE 0.27 C Al
2.7C B ZAHLARES SN 521.6 mA-hg ' Al
1573 mA-h-g ', ELAEERFERN 302%, RIH R
IR PERE, Wil 4g Fon. Bl 4h AT, R-HC
AR S L L 2 R B AP A T 3G I, 1 650 18]
T AT IR B KA 295 mA-h-g ! 5 BRI SR, 1X
ATAe 5 R-HC R RAIHRAG R, BT R-HC H#
WIFLBR A RIS, SEHRMREILH I EEAR
f, Li' TPy #8) R-HC AN, R EDE
WG MG A B RUE: MEEIEAR T, B
WOZ B R-HC HAR N EBIE, R T i g
e BEEERHEAT, R-HC HMH A Bk
AT S R-HC 454052 BITE K hivg A o i A
K2 A1 R-HC HLARAEHE 5 H R0 B 7 A

(b) After cycle

(d) After cycle

K5 R-HC HURAEI AT AEHA )5 #) SEM I
Fig. 5 SEM images of R-HC before and after cycle
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i E LA S)BLS —E. 1 N-HC HEARTERT 10 [
TEIRI, RAEM LA B ER T REA R T Sk
RN N-HC HAREERL R 5 aEnR 4 T
RIS B AT SET TS Bt N-HC HARAENE
AL A L7 B T N, 1 S5 A7 P I e R A
1] N-HC P #8486 5. 550 B2 5 N-HC HA%EL
AEFAEL 7040 mA-h-g o K 4i AR R EL
N-HC(1.0~1.5 mg-cm ). N-HC-1(2.0~2.5 mg-cm )
A N-HC-2(2.8~3.5 mg-em 2)HARLE 2.7 C 44T 1
fEA AR E MR . N-HC HM5E 1 FB1E I 7o i
HL LS B4 74 307.1 mA-h-g ' A1 605.5 mA-h-g ',
TN 50.7%; N-HC-1 AR 1 EfE R Boa bl
AE 9 199.7 mA-h-g ' F1483.8 mA-h-g ', B2
9 41.3%; 1 N-HC-2 HAREE 1 [El1E sy sm i i b
ZE 9 1920 mA-h-g ' F1602.9 mA-h-g ', ERL
N 31.9%. Bl TG TV R AR, g R
FE A TG, N-HC HEARAENGIARE A Ll 25 i

(a) With different scanning speeds

St
=

(d) Energy density and power density at different C

(b) Rate curves

Cycle number

hn, #1000 P25 AR RARMEER, 1400 B2
G R B RERE 2692 mA-h-g ' i N-HC-1 Al
N-HC-2 B TENEIA I R rp L2 i — B 5208, 800
2R REE, B 1 400 B2 JEIELEA RSN
166.1 mA-h-g' F1102.8 mA-h-g .

P 6 AL i N-HC/LFP £ B 1 4= B it 21
(R Rk 2 RE MR S B .V MR 45 SR N & 6a s,
BEE IR, CV ik BRI AL .
& 6b AT UL, 7E 0.27 C #113.5 C i, N-HC//LFP
s e A B Mik #) 378.6 mA-h-g ' M
175.1 mA-h-g ', H AR EREN 46.2%, K
HRIFIIRE R MRS UM RM 13.5 C 12
0.27 C Itf, HUE LA REKE S 371.8 mA-h-g ', FH
N-HC//LFP #FBA RUFMnl itk 5 & . tHEl 6c 1]
I, N-HC//LFP JiU V- 5 H s 6 A TR A5 2R PR 388 i
WEATIR/N, 5 CV MR R 1948 b 45 AL i
6d AI L, N-HC/LFP #2574 Fih#3H7E 0.54 C B

(c) GCD curves with different C

10 20 30 40 50 60 70 8 90 100

Cycle number

(e) Cycles curve

(f) Cycles curve

Kl 6 N-HC//LFP #5274 i A
Fig. 6 Electrochemical performance of N-HC//LFP full cell device
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BORLURE RS 9 294.0 Woh-kg ™', 7£13.5 CItF, Eb
RE B TR ARAE SIS S 116.5 W-h-kg ', T N-HC//LFP
S BRI B K HE DR N 2 150.0 Wokg ' (1E
13.5 C i), & 6e F1H 6f y N-HC//LFP £ & 14
TEAEEA F A T R fa e I i 2k . B 6e
SBIRFE 0.27 C ) N-HC//LFP £ B 14> Fith 234 (i
M EL A EIAF) 333.7 mAhg !, 7E 1.35 C %M T 1
¥R 90 [ J5 i LU AR (R FRAE 278.4 mAheg s
Wik 6f fizr, 7E 2.7 C WA E K Coulomb RURIAF
85.9%, TEfEINIE 200 P82 J5 MR LA &N
259.8 mA-h-g !, XFRIARMREERA 87.1%.

3

I FH R BE 5 BRI K R B 46 T R-HC A
at, FEAE NHay/Ar R K53 N-HC #dh. N-HC H
EHILEEMREEEG, BH L) 8%EE T 5. Ny I
i B R 25 SR B, N-HC  BA 8 8 6 B 26 T AR A
BRIFUERR, T CO, M PN 27~ N-HC i& &
F & B RUFLAE I o AT BE /NI R FHEE R 14 25 1
PELAE ST, H43 N-HC BRI 757 1065 5 M6
AP 78 iLBE f7. N-HC HARGE R B A w1 E 2%
B RGAESR R E R, £ 2.7 C&MFT, a8
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