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Synergistic Li/Na storage properties of Fe N@N-C nanofibers with
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Abstract By altering the calcination temperature and the amount of iron source added, a series of FN@N-CNF-X-T
nanofibers were prepared by electrospinning-assisted calcination using ferric nitrate nonahydrate as the iron source,
anhydrous ethanol and DMF as solvents. The products were characterized by X-ray diffraction (XRD) and scanning
electron microscopy (SEM). Meanwhile, the electrochemical performance of different products was explored. The results
showed that as the anode of lithium-ion batteries, FN@N-CNF-4-500 exhibited a first discharge capacity of 917 mAh-g"',
a first charge capacity of 453 mAh+g"', and excellent cycling stability within the voltage range of 0.01~3.0 V and a current
density of 0.1 A+g"'. As the anode of sodium-ion batteries, FN@N-CNF-4-500 showed a discharge capacity of 544 mAh-¢"
and relatively good cycling stability within the voltage range of 0.01~3.0 V and a current density of 0.1 A+g'.The results
indicate that FN@N-CNF-4-500 exhibits superior lithium/sodium storage properties.
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Fig. 1 XRD spectra of FN@N-CNF with different Fe/N molar ratios or different calcination temperatures
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Tab. 1 Corresponding fitted parameter values in Fig. 2

GRIE R AR TR AL P VAT AR AU TE FRACVEIROCRE D ArRL /A
FeN (111) 168.0715 1.2126 130.2058 36.2598 1.3674
FN@N-CNF-4-500 Fe,N (121) 90.9919 0.6262 130.4718 42.7752 0.8175
Fe,N (111) 6.2804 0.1082 40.5233 40.8805 0.1482
FeN (111) 227.3879 1.1367 187.9314 36.1752 1.3146
FN@N-CNF-4-600 Fe,N (121) 128.0612 0.5908 203.6060 42.8000 0.7756
Fe,N (111) 24.1494 0.5270 43.0756 40.9302 0.6982
FeN (111) 248.3281 1.7193 135.6845 36.2096 1.7347
FN@N-CNF-4-700 Fe,N (121) 241.7737 0.5656 401.5363 42.8549 0.7453
Fe,N (111) 170.2439 0.6083 262.9285 41.0680 0.7964
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Fig. 4  Energy spectrum analysis diagram of FN@N-CNF at different calcination temperatures
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Tab. 2 Relative content of Fe and N elements in FN@N-CNF prepared

under different calcination temperature conditions

AR R TR BT R %

NPT : - -
500 C 600 C 700 C

N 63.6 64.38 95.09

Fe 29.81 19.41 29.83

24 AEE/RE L FN@N-CNF RSB S FHR BN E
F E it B9 7T A BB 4 M X L
R it — R R A SR A X S [A) R/ L FN@N -
CNF-X-T At R 9 52 ), % 343 ) AAS [m) 4k
57 0 £ B AN [) 9B e ik B2 2% 14 R A LY FN@N-
CNF-X-T A i i f b, 21 4 8 40 4 ) 49 il o o H
Wi AT T — R 5 AR5 B G PR k. 1 5

(a) .(b) /R T FN@N-CNF-X-T V£ I3k fa i 3k 47
PR AR E ME 25 2 N T LA, 5
FN@N-CNF-2-500 1) 700 mAh - g #l FN@N-CNF-6-
500 1Y 773 mAh-g ' E R LA ARG, 7E0.1 A-
g " HL Y% B FN@N-CNF-2-500 £ ¥ T 917 mAh-g'
B U HL H 25 & [ R, 5 FN@N-CNF-2-500 /19
283 mAh-g ' Fl FN@N-CNF-6-500 /) 375 mAh-g ' & X
FEHL A A, FN@N-CNF-4-500 38 52 Bl T 453
mAh-g {9 = IR L EL A B (H L RS R0R
12} 49%, ik T FN@N-CNF-6-500 Y 53%, & T
FN@N-CNF-2-500 1] 40%. [ii % H1 i 25 JF 11 12 i 4
B, FN@N-CNF-2-500 ., FN@N-CNF-4-500 I FN@N-
CNF-6-500 7£ 0.2.0.5 . 1.0 A-g " HL i % & T 43 531 2 #H
300,200, 150 mAh-g', 226,180 140 mAh-g "', 250,



158

R B R 24l (AR B2

5 45 &

160.70 mAh-g 46 B Eb 25 AL 5 0 66 32 FL T
ENE Y HL R IR 9] 0.1 A-g ' B, FN@N-CNF-4-
500175 £ 1 330 mAh-g ' [ HL 25 &, 1] FN@N-CNF-2-
500 Fl FN@N-CNF-6-500 (1) Hb 75 & 321K, 43531 A 280

( LIBs
1000 -&WMWW 100
oy A + Charge FN@N-CNF-2-500
o0 * o Discharge FN@N-CNF-2-500
g 800f v Charge FN@N-CNF-4-500 180
= »> # 4 Discharge FN@N-CNF-4-500
s < Charge FN@N-CNF-6-500
£ 600 + » Discharge FN@N-CNF-6-500 760
<
5
o 400F 0.1 A-g'140
=
3
& 200} {20
0 L ) L L 1 O
0 10 20 30 40 50
Cycle number
1200 p(c)pe
) v
~ 1000 F Charge FN@N-CNF-4-500
oo # < Disharge FN@N-CNF-4-500] ¢,
2 200l Charge FN@N-CNF-4-600
é % @ Disharge FN@N-CNF-4-600
S I Charge FN@N-CNF-4-700 { -
S 600 F ¢ o Disharge FN@N-CNF-4-700
<
g 0.1Ag!
2 400 P g, 0.1A-g!140
g K SIS
o . 085000
200k 1.0Ag E.‘}E!Egﬁn 20
0 . L ey o
0 10 20 30 40 50
Cycle number
600
—~ 500
T % v w FN@N-CNF-4-500
= ® o o FN@N-CNF-4-600180
< 400F % © @ FN@N-CNF-4-700
SN 60
S 300 F
(=9
5]
2 200 [ SRR
3
&
100
0 i i i i Jo
0 10 20 30 40 50
Cycle number
5

Efficiency/%

Efficiency/%
Specific capacity/(mAh-g™")

Efficiency/%
Specific capacity/(mAh-g™)

Specific capacity/(mAh-g ')

mAh-g" 1300 mAh-g". RIE 7 P4 340 [ 5 , FN@N-
CNF-4-500 b %5 2 2 F+ % 358 mAh-¢', 9] & & F
FN@N-CNF-2-500 () 228 mAh-g' Fl FN@N-CNF-6-500

250 mAh-g .
500 b)
e 100
=
5
]
3
W 5 Charge FN@N-CNF-2-500 J40 =
* & Discharge FN@N-CNF-2-500
v Charge FN@N-CNF-4-500
100 . 4 Discharge FN@N-CNF-4-500 420
< Charge FN@N-CNF-6-500
+ » Discharge FN@N-CNF-6-500
0 . T L L .
100 150 200 250 300 350
Cycle number
500 "o o LIBs
bl f~‘4(;‘_.. Snad .v"(-",'&"”" it 100
2001 FN@N-CNF-4-500
& @ @ FN@N-CNF-4-600
% © ©FN@N-CNF-4-700 180
300 =
1Ag! {60 2
" $hsSH s R )
L B R S T TG d q i
200 S T A b=
i 140 m
120
0 L L L L L L L A 0
50 60 70 80 90 100 110 120 130 140
Cycle number
500 () SIBs
PR < g% 1 100
400F * v 9 FN@N-CNF-4-500
® o o FN@N-CNF-4-600 4380
% © 8 FN@N-CNF-4-700 e
300 | <
460 2
0.1 A-g’ g
=
200 o 8
100 | 120
0 L 1 L 1 1 1 'l

L i
60 70 80 90 100 110 120 130 140
Cycle number

N[ S48 F FN@N-CNF 6 BE M AR R 58 M

Fig. 5 Gradient and cycle stability under different conditions of FN@N-CNF

K 5(c) (d) BsR T FN@N-CNF-X-T 1 g 4 g5 1
F, 8 1 0 38 A 7 0.01~3.00 VLRSS LM 0.1 A-g !
L% N e R R e e R N Hh el B
5 FN@N-CNF-4-700 f*) 381 mAh-g"' 190 mAh-g"',
FN@N-CNF-4-500 (/) 706 mAh-g" #1276 mAh-g' i
Lt , FN@N-CNF-4-500 #7522 3T BAR ) B L L
251 466 mAh-g ' I IR HL L4552 110 mAh-g ' {H
M AR 2 0.2 A-g ' T, 5 FN@N-CNF-
4-600 4] 156 mAh-g' & FN@N-CNF-4-700 ] 120 mAh-g

HIH , FN@N-CNF-4-500 W 52 B 202 mAh-g ' {9 5 5
P L Bl HL O T ARSI R ZE 0.5 A-g ' T Avg!
i}, FN@N-CNF-4-500 1754 3 162 mAh-g ' 1 130 mAh-g '
A LA it AL AR T 2 1 Ao B, LA
#7125 230 mAh-g.

39 i FN@N-CNF-X-T #1414 o7 FH Y ], AR SC
TRMAT HOXT 4 T 4k Fl AR 1) ri AL 2R AT 5 Ce)
(F) Fi7R , 76 0.01~3.00 V HL R HIN 0.1 A-g " B
JEMR ST, 5 FN@N-CNF-4-600 1) 539 mAh-g ' &



552 1)

TRSPAS, 45 NI/ L Fe N@N-CNF 1 3[R Li/Na 54

159

FN@N-CNF-4-700 (1) 325 mAh-g "' #] I , FN@N-CNF-
4-500 5 I T8 BT UCORH LE 45 i 544 mAh-g
HIEPUE T FN@N-CNF-4-600 220 mAh-g ' FIFEER
251 200 mAh-g ' G HL I B 4R FH 2 0.2 A g
i}, 5 FN@N-CNF-4-600 #J 165 mAh-g' & FN@N-
CNF-4-700 1 167 mAh-g ' #f tt. , FN@N-CNF-4-500 11|
I 176 mAh-g ! MHR R LAt B A5 U B R
SRR Z 0.5 A-g ' FI 1 A-g' B}, FN@N-CNF-4-500 1/}
130 mAh-g ' F1103 mAh-g ' BY L 254 ; 24 L 0 %
FEEHHR 0.1 A-g B, LA 2T 22 210 mAh-g .
F it — %5 FN@N-CNF-4-500 X 48 45 & 52 3
DE S0 PR P 1 i AL, A SoH AR A i F Al 2

02} @
0.1
<
£ o00f
5 0.1
O
-02F
— gk
03 0.1 mV-s
00 05 10 15 20 25 3.0
Potential/V
3.09 FN@N-CNF-4-500
LIBs
2.5
> 2.0
[}
g
=15
=
1.0
0.5
0 200 400 600 800 1000
Specific capacity/(mAh-g™)
500
(e) LIBs
400
o 300}
:[‘Q R1 CPE1 W1
200 of R2
100 f o Before 100 cycles
p v o After 100 cycles

200 300 400 500
7'/Q

0 100

e P B L el A AT T i AL e b 4R
IR 2 (CV) ML AL 2# BHATIE (EIS). n&l 6 (a)
Fii 7, 8 3:F FN@N-CNF-4-500 HL B 7E 0.1 mV-s '3
TR R E R CV AT LI 1, FE0.45 VAT0.71 V
BAF 3T 7 — X ST 30 D 06, 32 L GF N ik A ) T 1Y
AR a8 R 7T 6 S 1 R B B R . an 1l 6 (b)
L BEE A ZE LM (1.2 mV-s'—>1.4 mV-s'—
1.6 mV-s'—>1.8 mV:-s' 2.0 mV-s'—2.2mV-s'),CV
i 4 S A 0 7 B AR AL AT £ 0.91 V—0.82 V—
1.05 V—0.91 V—0.89 V—0.93 V, X F= B X} i Tk
PSR AL R Fe N Fl FeN 19 484k & M7 (2Fe+2Li,N—
2FeN+6Li"+6e . 2Fe+Li,N—Fe,N+3Li'+3e™ ) > T it Ji

0.4 1 (b)
0.2
< 00
3702 — l4mV-s?
——1.6mV-s'
-044" — 1.8 mV:s!
20mV-s’!
——22mV-s'
—0.6 - T T T T T T
00 05 1.0 1.5 20 25 30
Potential/V
301 FN@N-CNF-4-500
LIB
2.5
Z 20 i
9]
g
= 1.5 200th-220th
>
1.0 1
0.5
0 50 100 150 200 250 300 350
Specific capacity/(mAh-g™)
1000 -(t) o After 100 cycles
o Before 100 cycles
800 F SIBs o a
o 600F
5
400 |
200 |

400 600 800 1000
7'/Q

200

(a) FN@N-CNF-4-500 7£ 0.1 mV-s ' B FIEHR 22 & ; (b) FN@N-CNF-4-500 78 0.2 mV-s "B R (1.2~2.2 mV-s  F13 X [0] UG ER IR 22 5
(¢).(d) FN@N-CNF-4-500 55 1-50 [l |55 200-220 [l 1 - L 2 HE 2R 5 (o) L (f) FN@N-CNF-4-500 4351 2 255 £ B 1 L 3t 9 1 L 1 345 100 1]
i BB L&

&6 FN@N-CNF-4-500 [ IR 2 R R - H 2 e i 26 B BHATD X EL TR

Fig. 6 Cyclic voltammograms, voltage-specific capacity curves and impedance comparison of FN@N-CNF-4-500



160 g RO 4l CFL ARl

545 4

WA BB :0.51 V—0.89 V—0.89 V—0.89 V—
0.51 V—0.52 V, EZXIN T Fe,N Fl FeN [ i 41 2 N
(Fe,N+3Li*+3e —2Fe+Li,N)>, H Bt Al LIE H,
SRV A % 20 i Ak, 3K 5 R T - LB A il
FERCE A 22 5, BB SE T 2L Y 40 K Bk
BE'. T Fe,N . Fe,N #l FeN = Fh & AL Wy 15 E L ik
Ji S I i R P R ) 22 5%, REOR R 3R Y
CV IR R IMHAEAR L . B 6(c) L (d) B HL -
b iRt — L 500E T CV 25 3 it — 2
FN@N-CNF-4-500 2 342 fay b 25 1 19 Ji AL A4 S
IRXF H T FN@N-CNF-4-500 75 A 88 25 1 i, 1 A 25
Bt 05 FE AR B, 7 0.01~100000 Hz 4755 3 il Y
FEFE 100 BB 5 A FE AL 27 BRI . aniEl 6 (e) BT, 24
FN@N-CNF-4-500 1f= Ay £ 2 - F b 000 38 Fl il 1), 70
W5 0 BT AL AE PR AT (<50 Q) A Frss i, 547 5
MEARAE (<150 Q). UL, 1 F Fe,N Fl FeN J A 12
Z Tt () DI 1) 18 58 2% 87 , FN@N-CNF-4-500 1 4 £ 55
- F Wt E A A R I T SR AR S A R A R B A
WRENE . B 6(f) TR, 24 FN@N-CNF-4-500 1 K
B R 0 S L B D BR 100 FEL S BT A AIG
A B H B R e A W AR Ak 3 3R W BB [ 2
fife 5 B 40, 78 6 1T, FN@N-CNF-4-500 14 RE A5 F5 41 7
M-S HLPE

3 Z5iE

S TR A R R R 0 A S AN [R) R LE Fe N &2
AR T @B AR AN K 2T 4 1) ] BAPA B B HAi
BRI R B A HRGE AR SRR S IR Y L
KRR S PVP B IR GH i 22 P TE R IR A
AT ALN B, BT T R FAR/ A L Fe N &
YK R @EIB IR, I IRIE T IR R Bk
B 2 5 1R X Fe N &4 AR} HL fh 25 1 5 1Y) 5%
Wi, 45 % K B . 5 FN@N-CNF-2-500 , FN@N-CNF-6-
500FN .,FN@N-CNF-4-600 5 FN@N-CNF-4-700 4 1{; ,
FN@N-CNF-4-500 £ 30 51406 S5 ) it B/ e vk L AR R
BB T T, 76 0.01~3.0 V HLEFE RN 0.1 A-g
HLMZ R, FN@N-CNF-4-500 52 #7917 mAh-g'
T8 U 25 B 453 mAh-g ' I IR FE L LA
R B8 PRARE P 5 TR Ry A vl v S, 7
0.01~3.0 VHL FEJE BN 0.1 A-g' IR EE T,
FN@N-CNF-4-500 £ L T 544 mAh-g " (T L2
i SR IR PR E P | AR SCES I8 Ry TR LR 4 kR

TN S BA [F 2/ A Fe N B A 91K @A B 24
BN K LT 2 1 A AR T ] £ 2 SR A R S
SR, AR SCAUER R R/ A Fe N B 90K @ 1B
Ze N KL Yk A== M RE UEA T T ST, X AN [A] 2k
AL Fe N (I PRFEVE FALEHR ST frift— LR A

& % x #t

[1] XIAOJ, LIJ, XU Z. Challenges to future development of
spent lithium ion batteries recovery from environmental
and technological perspectives [J]. Environmental Science
& Technology, 2020, 54(1): 9-25.

[2] NAYAKPK, YANG L, BREHM W, et al. From lithium-
ion to sodium-ion batteries: Advantages, challenges, and
surprises [7]. Angewandte Chemie (International Ed) ,
2018, 57(1): 102-120.

(3] Zemeig, RhAEER, MO, S5 G087 . IIERHDT
FR TR fHRER 7 550K, 2020, 9(2) :
515-522.

[4] KUBOTA K, KOMABA S. Review—Practical issues and
future perspective for Na-ion batteries [J]. Journal of the
Electrochemical Society, 2015, 162(14): A2538-A2550.

[5] BAUER A, SONG J, VAIL S, et al. The scale-up
and commercialization of nonaqueous Na-ion battery
technologies [J]. Advanced Energy Materials, 2018, 8
(17): 1702869.

[6] WU L, YANG J O, GUO S, et al. Pseudocapacitive
trimetal Fe,,CoMnO, nanoparticles@carbon nanofibers as
high-performance sodium storage anode with self-supported
mechanism [J]. Advanced Functional Materials, 2020,
30(27): 2001718.

[7] YOU Y, MANTHIRAM A. Progress in high-voltage cathode
materials for rechargeable sodium-ion batteries [J]. Advanced
Energy Materials, 2018, 8(2): 1701785.

(8] REER, ., KkER, &5 . 4 Li,Ti,0,, SR Y
il 2 1], g RO 7224 (A SRR 1), 2010, 29
(4): 1-4.

[9] GUANW, WANG T, LIU Y, et al. Impact of morphological
dimensions in carbon-based interlayers on lithium metal
anode stabilization[J]. Advanced Energy Materials, 2023,
13(45) : 2302565.

[10] REN M, ZANG H, CAO S, et al. Effect of solvent on
the crystal phase, morphology, and sodium storage
performance of FeSe,[J]. Journal of Materials Chemistry
A, 2023, 11(19): 10435-10444.

[11] WUR, DUX, LIUT, et al. Robust and fast-ion conducting
interphase empowering SiOx anode toward high energy

lithium-ion batteries [J]. Advanced Energy Materials,



552 1)

TRSPAS, 45 NI/ L Fe N@N-CNF 1 3[R Li/Na 54

161

[12]

[13]

[14]

[15]

L16]

[17]

[18]

2024, 14(2): 2302899.

XU SC, TEE . KR A i A i AR P B 1
WA LR ER ) . g R4l (A SRR
fi0), 2011, 30(4): 11-15.

AR, Asiq, BEHT, 55 TiN 3% Co,0, 94 K Ml
KAL) Y 2 -F05 U BIPERE LT ). g R 2727
e CHARBIERR) , 2025, 44(4) ; 433-439.

GAO B, LI X, DING K, et al. Recent progress in
nanostructured transition metal nitrides for advanced
electrochemical energy storage [J]. Journal of Materials
Chemistry A, 2019, 7(1): 14-37.

WANG R, LANG J, ZHANG P, et al. Fast and large
lithium storage in 3D porous VN nanowires-graphene
composite as a superior anode toward high-performance
hybrid supercapacitors [J]. Advanced Functional Materials,
2015, 25(15): 2270-2278.

ZHENG Y, LI X, PI C, et al. Recent advances of two-
dimensional transition metal nitrides for energy storage
and conversion applications [J]. FlatChem, 2020, 19:
100149.

BIW, HU Z, LI X, et al. Metallic mesocrystal nanosheets
of vanadium nitride for high-performance all-solid-state
pseudocapacitors [J]. Nano Research, 2015, 8 (1) :
193-200.

YUAN J, HU X, CHEN J, et al. In situ formation of
vanadium nitride quantum dots on N-doped carbon hollow

spheres for superior lithium and sodium storage [ J ]. Journal

[19]

[20]

[21]

[22]

(23]

[24]

[25]

of Materials Chemistry A, 2019, 7(15): 9289-9296.
WEI S, WANG C, CHEN S, et al. Dial the mechanism
switch of VN from conversion to intercalation toward
long cycling sodium-ion battery [J]. Advanced Energy
Materials, 2020, 10(12): 1903712.

WA, R, Tefh, 4. FREouIA R E AL
Yy B i ) o SR A 2t RevERE () ). LA
S, 2022, 38(1): 31-38.

IDREES M, HAIDYRAH A S, ATA-UR-REHMAN, et al.
Fe N stabilized on reduced graphene oxide to enhance the
performance of a lithium-ion battery composite anode [J].
Journal of Alloys and Compounds, 2021, 883: 160824.
LUO Q, LU C, LIU L, et al. A review on the synthesis
of transition metal nitride nanostructures and their energy
related applications [J]. Green Energy & Environment,
2023, 8(2): 406-437.

SHANG Y, YAO M, LIU Z, et al. Enhancement of
short/medium-range order and thermal conductivity in
ultrahard sp’ amorphous carbon by C,, precursor [J].
Nature Communications, 2023, 14(1): 7860.
HOLZWARTH U, GIBSON N. The scherrer equation versus
the ‘ Debye-scherrer equation’ [J]. Nature Nanotechnology ,
2011, 6(9): 534.

FU X, DUAN H, ZHANG L, et al. A 3D framework
with an in situ generated Li,N solid electrolyte interphase
for superior lithium metal batteries [J]. Advanced

Functional Materials, 2023, 33(51): 2308022.

(EHm&Rxt x14l)



