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Abstract: Along with the increasing demand for low CO, emission, renewable and environment friendly power sources, the
traditional fossil fuel will be inevitably replaced by the secondary batteries or other energy storage device. Lithium-ion batter-
ies (LIBs) have now dominated the commercial market of energy storage device owing to the considerable work voltage, high
energy density and long cycle life. However, their further extensive application is greatly hampered by the limited lithium
resource, difficulty of mining and high cost. Sodium-ion batteries ( SIBs) with abundant natural resources and low cost have
attracted researchers’ extensive attention. The functions of electrode materials determine the cycling-performance of electro-
chemical cell. Iron-based materials with high theoretical capacities, abundant natural resources, low cost, safety and no pol-
lution, are suitable as electrode materials for LIBs and SIBs. However the development of well-defined iron-based electrode
materials with high specific capacity and long-cycling performance for LIBs and SIBs is still a crucial issue. Our group have
developed a series of nanostructured iron-based materials for LIBs/SIBs, specially, a facile metal-organic frameworks
(MOFs) -derived route has been exploited. And a series of iron-base electrode materials have been synthesized, which have
achieved excellent electrochemical performance. This paper reviews recent progress of nanostructured iron-based electrode
materials used for LIBs/SIBs.

Key words: iron-based electrode material; lithium-ion batteries; sodium-ion batteries; nanostructure; carbon coating;
metal-organic frameworks
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Table 1 Electrochemical performance comparison of iron-based oxide for LIBs and SIBs

Tron-based oxide Current density/ (mA-g~")

Specific capacity/(mAh-g~")

Cycle number/ ( cycles) Application fields Ref.

Fe; 0, -Graphene 400 708
Fe,0,@C 10 000 570
Hollow Fe; 0, 500 1046
Fe,0;-C 1000 812
a-Fe, 05-C 200 911
Fe, 0;/CNT-CF 200 1000
v-Fe,0,@C 200 740
3DG/Fe,0;@C 200 1129

Fe,0,@ PPy 2000 652

FeTiO;@ C 100 358.8

300 LIBs (6]
200 LIBs [7]
100 LIBs (8]
300 SIBs [9]
50 SIBs [10]
300 SIBs [11]
200 SIBs [14]
130 LIBs [15]
500 LIBs [16]
200 SIBs [17]
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Fig. 1 FeTiO;@C nanotubes 7} ; (a, b) SEM images, (c¢) schematic diagram of the Na* storage, (d) the rate performance from 0.05 to5 A+ g™,

(e) the cycling stability at the current density of 2.0 A-g~"
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Table 2 Electrochemical performance comparison of iron-base sulfide for LIBs and SIBs
Tron-based sulfide  Current density/(mA-g~") Specific capacity/(mAh-g~")  Cycle number/(cycles)  Application fields Ref.
(FesS, +FeS,) /1GO 1000 ~800 100 LIBs [18]
Fe;Sg/NC 500 406.7 500 SIBs [19]
FeS, @ C fiber 200 530 100 LIBs [20]
FeS,@ C 10 000 200 400 SIBs [21]
FeS,@C 447 500 50 LIBs [22]
Pitaya-FeS, @ C 300 614 100 LIBs [23]
Co-doped FeS, 2000 220 5000 SIBs [24]
YS-FeS, @ C 2000 330 800 SIBs [25]
FeS,/CNT 1000 309 1800 SIBs [27]
FeS/C 1000 703 150 LIBs [28]
H-FeS@ C 80 000 100 100 000 LIBs [29]
FeS@ TiO, @ C 1000 406 150 SIBs [30]
FeS, AR ML G, fERKBEBELENA 100 KIGA G ELE 1074 Wh- kg™, @ THELS%
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Fig. 2 Schematic illustration of the formation process(a), TEM image(b)
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and the discharge/charge curves(c) of FeS,@ C composites
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Fig.3 FeS@TiO,@C nanotube!®’ ; (a) schematic illustration of the formation process; (b) the discharge/charge curves; (c¢) the high angle annular

dark-filed TEM image; the corresponding EDX mapping images of Fe (d), S (e), C (f), O (g) and Ti (h) elements of FeS@ TiO, @ C nanotube
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M TRSR, USLBERKOMES G, RObEEA] Fe;Se; +xNa” +xe” —Na, Fe,Se; (11)
W 2 I — 2 s B bR, B AR I R S A Na,Fe,Se; +yNa" +ye” —Na,, FeSe, +6FeSe  (12)
VIR R AL 2 BB XT L N3 3 FT/R . FeSe, i 441 72 41 Na,, FeSe, + (4 —x—y)Na" + (4 -x—-y)e”
A (9) FI(10) FR ™ —2Na,Se + Fe (13)
FeSe, +xNa® +xe” —Na FeSe, (0<x<2) (9) FeSe +2Na™ +2e”—Na,Se + Fe (14)
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Table 3  Electrochemical performance comparison of iron-based selenide for LIBs and SIBs
Iron-based selenide  Current density/(mA - g™')  Specific capacity/(mAh+-g=')  Cycle number/ (cycles)  Application fields Ref.
FeSe, 1000 515 400 SIBs [31]
FeSe, 1000 372 2000 SIBs [32]
FeSe, @ GO 100 945. 8 100 LIBs [33]
100 168. 8 100 SIBs [33]
FeSe, -HGCNS 1000 412 150 SIBs [34]
FeSe, @ PC 5000 380.5 2000 SIBs [35]
FeSe,/CNS 2000 461 800 SIBs [36]
FeSe,/N-C 10 000 308 10 000 SIBs [37]
H-FeSe,/GC 200 510 200 SIBs [38]
FeSe,@ C 10 000 212 3000 SIBs [39]
3DG/Fe;Seg@ C 1000 815.2 120 LIBs [41]
Fe,;Seg@ NC 1000 340 1200 SIBs [42]
Fe,Se; @ C 3000 218 550 SIBs [44]
FeSe 2000 313 1000 SIBs [45]

R BT R 2 S A 1L 280452 AT Al e 7 B ) i R K
R NGB (PVP) JE BB, #E— 2 2B AOTE i
=Y 2 LN Fe,C@ C Z A M8, SR 5 i il AL i = 4k
ZALEEHII FeSe,@ C A RPRH(IEI4) ™ 1% AR A
FHIX AL G AP 5 14 FL B oK 22 P obA bk b S5 vl 5 ke 1Y
EBUEZMK . X Fh =ZEZ5H 1) FeSe, @ C 52 G M BHE HL L
BEA IR O0.5, 1, 2, 4,6, 8, 10, 12, 15, 20 A-g"!
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MRz hE; RS 1 220 A g7, AT A A H
129.5% ; (R R S A - g A METR, HEFF 2000
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BH ZFL45 H BB S 22 vobhBHE 78 ik i o i v = A AR R
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WAL R AR I 25 B . BRI, ZLA5H4 r AR b1 i 3k
W E T e R b S 1 RE Y [RD B AR v O W o Y T
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—
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Fig. 4
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SR 5 I e SR AL A BEAR B T H-FeSe,/GC & & #4
B REAMRE RN 0.2 A g AT,
GFR 200 i, AEAM LA N 510 mAh - g7', FREREEE
RN 88% B FE T KFF 3 i A2 B BNl £ T FeSe,
HRERRL Y o M RAE R B 1.0 A - g IALET,
TER 400 YK, AT A4 28 BT T 515 mAh - g7
TEHRRAE N 3.0 A - g AT, IH3F 200 G, A
WAEHN LA S IE T 425 mAh-g7'

YEZ RS I & T —F9 F B9 3EF MOFs 1T AE 41
ek A4 AL 4 SR A R D 9 . SR A Fe-MOFs
YRR ATHTAR AR, 38 A AT BBk 35K B 6 T A4S 3
TR IEAT ALY Fe,Se,@ C b1A}, TEM JIRZ5 5 (5] 5a ~5¢)
T, Fe,Se,@ C HA GILAREEH, Fe, Se, KTk 4 5)
TGN, KNIk, B Se ik &
ORISR 3 % B R 06 ARk, 72 0.1, 0.25, 0.5,
1.0, 2.5, 5.0 A- g ' HTHEE T, 45 HA 378,

362, 328, 297, 217, 147 mAh-g"E’JHﬁ%?%O MOFs 17
A EIEAR Fe, Se, @ C A 4 b RHE 45> LI T 1976
LR ecohfa e, IREAEO0.1 A- g "HREBEE, K
IRAEARHE 375 mAh - g B LA R, Fe,Se, @ C APRHIILATL
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S H I TR AR RORHE IR 95% , 43R 100 YRS 1 75
PREFRMIL T 95% (FIXF 8 AT ) o M Sg Ha] LA
Eill, Na//Fe,Se,@ C s 1.0 A~ g " HUR BT
WG, 7E3 A g ' MIRHREET, FHCE 550 WU,
THRECRRF 218 mAh - g~ g EL AL

Unit Ag” -
@ (i )
A [r .9..'1\ 1.0 <
-0. £ 300 A o) H60 2
S = ~O—Charge | 25 £
= —s = R 1405
Shl NG 52001 . pischarge ) 5.0 40@
o w——2nd cycle g o) .-
-0.3 ——23rd cycle @ 100{ ——— Efficiency L2o W
e A4th cycle o
0.4 o N
0.5 1.0 1.5 20 . 25 3.0 1'5 3'0 4'5 5'0 75
Voltage (V vs. Na /Na) Cycle number
100 [9]300 100
~ —_ 10Ag"
© 80 _ "g240]] 30Ag" t80 __
£ 9 SR RRRCS S AR, 2
T 300f 603 180 60>
:>: —0O— Charge - S = —O— Charge w0 s
£ T =120 °
5 200 —0— Discharge g S ~O— Discharge é’
Q -
8 100 —— Efficiency 20 = § 60 —— Efficiency L2oW
0 0 0 - - —40
15 30 45 60 100 300 500

Cycle number

El5 Fe,Ses@CEARE M (a~e) TEM BH, (d)FEFFRZMLZ,

00 40
Cycle number

(e) fiRVERE, (f, ) TERMAIE N 0.3 MI3.0 A~ g~ FIUAMFIERE

Fig.5 Fe,;Seg @ C composite 4], (a~c) TEM images, (d) CV curves, (e) the rate performance from0.1t05 A- g™, (f, g) the cycling stability

at the current density of 0.3 and 3 A- g ™'

T R M AR UL I A 4 T e oK 27 AL BRI
FeSe-CNFA-T “TElie ™ o JXF LA R Ay Tl 52
BbPRE LT IRSIOTRSFRGEDE, BIFE2.0 A - o7 (RIFLIE
BEHER, (BPR 1000 YOS, P L ACRE ) 313 mAh - g7

2.4 HREBHLYRRME

DX TR AL M i A ik B A PR R 1 4 %
R LL,0(433 K, 5x107°S-em™"), BRIEBALY IR 540
B Az RA A SR L POER, > 1
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107" S-em ™), HoAG T 5 4530 3 10 4 T8 44 K S0k A 24
FEARMDR F b 2= ROREE PR R, BRI 4 Jm Ak )
) Fe—P 7 3p F1 3d BB A — XF A 5 1Y I0] 1 5,
AT AR K B Tk L W AL 1) R e A 4 R, L LA
AR e, R, 7E FeP BT, Fe—P
HERKAE 2.186 ~2.447 A 2], HF|F Li* #1 Na* 4 FeP
s TR, B5ET FeP BT S F A —ERE L

/N T ARV, A i 2L D i) LIBs il SIBs fl
PR AR AT SR A AE — LSR5 B 3 P 11 ol 7
TN TSI B R A R B AR LRI T e
B, A I SR WA VR g 0K H v AR A 4R 1
FAFAEAL R — 0 SCHE R WE e AR, EHiE iy gk
WAL R AL HERE ISR 4 R FeP i AN
A (15) F(16) Frs

R4 CHREMKEBYTR R LR

Table 4 Electrochemical performance comparison of iron-based phosphide for LIBs and SIBs

Iron-based phosphide ~ Current density/(mA«g~") Specific capacity/(mAh-g~')  Cycle number/(cycles)  Application fields Ref.
FeP@ C 500 610 400 LIBs [46]
FeP/GO 100 830 100 LIBs [47]

FeP@ CNT 500 718 670 LIBs [48]
500 542 300 LIBs [49]

H-FeP@ C@ GR
100 446 250 SIBs [49]
FeP@ C/rGO 1000 618 100 LIBs [50]
FeP-NA 2000 220 5000 SIBs [51]
YS-FeP@ C 1000 413 600 LIBs [52]
FeP@ C 5000 360 3000 LIBs [53]
N-FeP@ C 30 480 200 LIBs [54]
FeP @ P 2000 418.2 1600 LIBs [55]

FeP +xLi" +xe” —Li FeP (15)

Li,FeP + (3 —x)Li" + (3 —x)e” —Li,P + Fe (16)

W R 2 A R R N R R DA K i AR K
1 Fe, O, 44K R BRI, I e HAR T 1 ) (B 0 5 R ik
2, R B ARG R Z 4L FeP@ C 90K 5
FERE L A RPRLERAT R Ak R A, HL
455 T RMBRALB AN ERA LA R OLH, K15 T A
PRI P S R T R 3 B A B 7yt bR, R
500 mA - g [ELTRERE T, Zead 400 YAEIR, oAl %
AL 610 mAh - g7 24y, HAES A« g MR H
TR, AIHZEEA 347 mAh-g7',

VB URABTZH 38 2o A5 2 b/ 0B R AR i AL 1 T 1
TEAT FII AL T FeP@ C k5 (18 6) 1, x
it FeP@ C 4K A8 W 51 GE A A% 22 A BHE S8 7808 i 72 v
PR AT, )AL BT B 7 J2 RE A AR i b
B HAE, BHE TSR OB Y A1 3R o AR A R 51 25 4
1) FeP@ C & 5 BHRA DL 101G R REFIG IR RE , 1D
1£0.1, 0.2, 0.4, 0.8, 1.3, 2.2 A- o "HIHB B Tk
5y R4 045, 871, 815, 762, 717, 657 mAh - g 'fi}
FAi; 7E0.5 A - g HLIR A FAEIF 270 WG, %
HIFRRAWI R R FE 15 A g7 IR AR IR
1000 YK Ji5 , MEHY A R AT IRFFE 600 mAh - g~ 247, 3

Deposition & %
in-situ etching %
—

50°C, 12h

Hydrothemal
deposition
—
120°C,6h

Wi

Carbon fiber

(Co,Ni)(CO3)osOH FeOOH nanotube
nanorod arrays arrays

Adsorption | 500 °C
& annealing 3h

Phosphorization
-
350°C,2h

FeP@C nanotube Fe30.@C nanotube
arrays arrays

6 FeP@C4RAEHT S (a) B4R, (b)SEM BEA,

() R e TEM M5 FAf )Y A9 EDX G

[48],

Fig. 6 FeP@ C nano tube arrays (a) schematic illustration of the
preparation process, (b) SEM image, (c¢) high angle annular
dark-filed TEM image and corresponding EDX mapping images

of Fe, P, and C elements
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P A 2 MR BB A5 25 T M4 R RR B 1 v 2 IR S5 4 &
OEZ: PN ERGHWEERRKWILERER, F
FIFHIBREBE; SREWNEE FRERRLET
KL RHEIE; UEZA R T /E TSR
HR TS M R FeP W A B Ik N BB B Al R /Y
R

Vot R F A A GE L K, ASBGEREAS A
Wb, 183 T Mg H-FeP@ C@ GR B & #F
B A A ROR S P R T R R TR, 7R
HNE TR TP RSB T O A9 A5 R RE AR 2 1 A
fibo FAVEHI T R2E 18— 242 B DB o MOFs fi7 4= 1 7
e, HiET 2L HE B/ IR FeP@ C/rGO i #f #1
BH . 3PP MOFs 721 FeP FHBHE S A« 7' B LI %
JETF, 163 500 [BJ5, LA 497 mAh - ¢ By HL A,
BN AEERR HA 0.04% , T FHE R2EINEE- 2 5%
P BATERRAT [ A K T FeP @k b3 4 HAE il g
TG RL, 7E 0.2 A - g7 AYHL IS E R AEFF 100

PG, IBREPREF 548 mAh - o' I LT, AR ARIFR N
99.8% o AIUL, ZKEESITERRENS A AT i s 1 B
PRSI, B FeP AORHGTRFAPERE™ o R
REFAIEHAZ A AT 5 T i BB FeP@ C 90KHE, HAE
30 mA - g7 LA FAEPE 200 S, HA 480 mAh - g
WA, AERPERIR A R ETH ™ . HAbERIER
WP MEREEGAC FERAR EE, BRIETE AL A1 BB A IR

MR-, A A R REREBE— P, B A
oG Y O IR o

2.5 HEFUYBEME

YA API BRI RE W 38 i 2220 B Al or ROV B B 21
W, PR AR R RE R T SRS
KM FeF, | Fely K FLEFKALEY) . Fels i FHIXEL
FIREE AR (~ 712 mAh - 1) AR ) AR, ©
E TR R R I PRI S SR T S
BFIE I IZ 268 | B AR 9 B S AL b R i A
FEREINZE S PR L FeF AN (17) #1(18)

£S5 CHREMNKERUDMHIBRLZ SR

Table 5 Electrochemical performance comparison of iron-based fluoride for LIBs and SIBs

Tron-based fluoride

Current density/(mA+g~") Specific capacity/ (mAh-g~!)

Cycle number/ (cycles)  Application fields  Ref.

FelF;-C 100
FeF;+0.33H,0/MWCNTs 237
FeF;-0.33H,0 20
237
FelF5-0.33H,0/C
237
Fel;/graphene 71.1
Co-doped FeF;/C 237
AIPO, -coated FeF;-0.33H,0/C 20
Fe,_,Ti,F;-0.33H,0/C 23.7
FeF;+0.33H,0 400
FeF;+0.33H,0 237
FeF, -graphene 47.4
FelF;/C 75
FelF;/C 142. 4
FeF;/Fe 100

550 400 LIBs [56]
56.9 100 SIBs [58]
166.9 100 LIBs [59]
104.8 40 SIBs [60]
228.5 50 LIBs [60]
115.8 50 SIBs [61]
151.7 100 LIBs [62]
211 80 SIBs [63]
261.74 50 SIBs [64]
155 100 SIBs [65]
100 46 LIBs [67]
205 30 LIBs [68]
126.7 100 SIBs [69]
217.6 100 LIBs [70]
70 1000 SIBs [72]

E’]:/j—:\‘:sgiﬁ] .
FeF, + Li* + e~ —LikeF, (17)
LiFeF; +2Li" +2e” —3LiF + Fe (18)

FAT, BRALTRACH R AL 2 PERE I AN, 57 A
DA JUAMRIR s bR AL IR R BGR, SBLR%
fiK, TERPEREANAF, FPPeml . ik, JFRHEE. e
T A BRI S IER AT, S EGE i A TR RE,

RIS AR

VEH IR R 45 1 FeF, - 0.33H,0 By 2.ORORFIA
SN FeFs p0RE, R AR 0B 7 i IE AR AL R
WA T RAFIOIRIERE AT RERE T ™ . Bl
i 45 B Fe-MOFs RPN AT IR, Z0ad v i i 1L Ak S
B, & TR S TG ETE FeFy/C AR E A IE
AR 7)) A R T T, AR T
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BTG BIE B EAAEL, MOFs fiiA: /) FeF,/C H &
ELEA BN LS fy 2=t RE, BV REREE TR
£ 302.2 mAh - g BN FIERE S | 72 30, 150, 300,
750, 1500 mA - g7 B HL BT, R HE A A N
213.1, 146.1, 124.4, 93.4, 73.2 mAh-g ™', EHHA
A M ER AR ERE; #2775 mA - g7 HLI A AR
100 YJ5, JHLEL AN 126.7 mAh - g7, R HHAEH
T AR ™) FeF,/C K5 A MHRHA 5 d fb 2
FRPESLA D) T H T8 T8 45 48 FA AL AR B AL TR B 22 4L

WREEE, ARIT B AL AL LA S R ARORE R ) 0 B
PIE
Fe** @ Solvothermal
crystallization
+ =
P 100 °C
H,bdc : ®° DMF, CI, OH
¢ :°~ Fe-MOFs ?
[
Carbonization
"2 ot R
o %

FeF33H,0/C

7 MOFs fijk ) FeF,/C 5 & bhRL ) #7 RE R )
Fig. 7  Schematic illustration of the fabrication process of MOFs-

derived FeF;/C composite [69]

Gleb Yushin Z #2804 R F #2522 45 & SAH AL
B, 4 T TCREZE R FeF,/C ghk ki bR |
1E4.6 mol - L™' [y LiFSI/DME &5 ¥k B L fR 7 FN 1.0 ~
4.0 VISR A, RE SRR T R IR ER
PEfE, 7E0.1 A« o ' IHEHEE T, J6F 400 WG, K
SRATHBIE 500 mAh - g AT AR, JLT A AR 1B
%o JURUBE TR ) R A A BRI AL 4 T
BHIG FeF, « 0.33H,0 AR, 3%k RHE 20 mA - g 7' 1
W, J6FF 100 W5, fEffiEA 166.9 mAh - g ' [
WA 7E 200 mA - g LR EE TS, ViREA
150 mAh - g "B LA R T AR G O SR AE B E T E
B, AORHE A P oy [ 110 ] i sy 1 2B K, B
A LZEERN (002) fhT ™, XA R T4 5 T
ey, J T HEA R TR, U R A2 K2
IR DN % T FeF,-RGO KHkl, E— 25l i v fk
WE, 155 T FeF,-Fe-RGO ZAM K™ 2.0 A ¢
HIHREE T, ZE SRR 60 mAh - g 7' fiY
il L

TR R 2% 5 R IR 2 AR BRI AL 13X T T A

TIRZWIG ., A% T FeF, - 0. 33H,0/MWCNTs #l
FeF,« 0.33H,0/C di Al bR}, (A5 44 1 s fh 2 v e A5
BT RAEGE T TR T B A R TS
W, srBllE T AIPO, A ) FeF, - 0. 33H,0 fisk Al
Ti $52%1 Fe, _ Ti FeF, - 0.33H,0, kb 2k RE M7
BT AR AR TR B SR R 4 i
(NH, ) ,FeF, Qi SR 1A AL 15 2 FeF pPRE, FEETAS & 1) 4
BHRRFER NIRRT, AERH AT 33 25 1 A i 6 M pE A5
) TRAHRFT L T FeF, g4k Tk % %5 4 5 S v
WA A, EEATRE T M Y R AT LA 85 % i P R
SR A RS A0 RN AT SR 4, DT 42 TH 44 RE Y H b 2%
PERE
2.6 HibgkEBR R

HA BB R BEIR B PR (LiFePO, ) A1 WA A=
P4, LiFePO, B #K . BPRMNBEET&, &2—KE
X AR BT AL E AR R T WIS A e A
P14 £ K RV U225 g oA 418 s HL 0 3 1 R A0 P
i A1 8 NaFePO, th A5 JS U Ak 24 PERE, (AL# )
SR MR ERANAH, A E A AR E I, T AXER)
L A BAT AL IS M O A1 B NaFePO, Hi bR A4 L
O FE M 5 Tt L AR B R ) B 1 A R AT 1
— R EREET

W 1 AT AR W A5 R HA R R R R, PR
MEHOTEA SR EE T, BETFEEES 0V AL,
PRI AR, T8 Ll AR KW
BB PN B T I IR R S R 4
£ 11 Nag o Fe[ Fe(CN) ¢ 1o o IESRATEL, AT 6575 5 29
N 170 mAh - g7t ZEEAREELS, 7625 mA - g I HLIE
BT, PEFR 150 Yk, PEARRCRIEIT 100%™, # A RL#
PR L] 8 T 99K T Na,Fe (CN) o/C A48},
AR R E IR ER R RE I B RO A RERE ™ .

3 & iF

BRIEM B EA M BRI EE . IR, Zaetk
AL, R B R A I AR R, AR
Xk, HTHHEMIARG LR, N PR EE )
PEEHBBZ T TR B H TR MR R, U1 FeS,@ G
@CNF, 1GO@ p-FeS,@ C, FeS,@ RGO, 17545 Hg 1) FeS,
@C Ml FeP@ C %5, 29 RS B9 fb 2 PR
VB IR RN AT 5% 35 T S5 R T 09 Bl 46 T —
ROV E AN G W R IETIRE SR}, o 20 35 44 ) () 916 340
PEREFE M e 2 T W1 B A B st . — S8 MOFs fij 4k
BB TR A R & B, AVLE REH7E 5 824k
FT RS ERIE AR T IR B, SR B B AR T
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