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Abstract

Currently, with the application of lithium-ion batteries in a variety of energy storage fields, the con-
tinuous depletion of lithium resources and its rising price have led to the high cost of lithium-ion
batteries. Sodium-ion batteries are a potential new type of energy storage device due to their ab-
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undant sodium resource reserves and price advantages. The larger ionic radius of sodium ions is a
threat to the stability of the electrode material in sodium-ion batteries compared to lithium-ion
batteries. Prussian blue analogues are a suitable class of materials for sodium-ion battery electrode
materials because of their easily regulated backbone structure, simple synthesis process, low cost,
and environmental friendliness. In this paper, the relationship between the structure and electro-
chemical properties of Prussian blue analogues is summarized, and the development direction of
them as electrode materials for sodium-ion batteries is prospected.
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HAT, ABRAKIH MG BV AE Dy 2 Re VR, DRIHVHRE S, G PR L P AR R 1 i) R 2 AR T W o
B IR IS . I HIX SRR AR S KRR A4, BRI T AT EE. A
1973 fEBER R AT FENLE , AATTXE TG TS G4 BLRT A8 vk RV A (0 o P okl K [ 1], I8 V3% AR DG
BB TR . R, FRERTRIH R XARE KPHEE W1 RESEIE S REVRTE R A L A7 R I [A) A 2% [A]
S ATAN S 1] 2] [3]. FEHIRTHE 2050 4, AERMTAEIRTE R HINF] 30 TWayg [4]. miPEREMI iR E
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XA IE A i A R R - R A MR R R E II[19] [20] [21]. &5 R B 4 W5 A Ak A T G
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Figure 1. Application fields of Prussian blue and Prussian blue analogues
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5 W R W AU S B 25 1 P T RRORA ) SR TR T D I 02 N B 1 AR R o i
B, HEBRME R R R KN ). e g st & — Mo bk i @A 8007 %, il 522 m
FE LR BE H A D A I B L W SR A R IR [26] . TERX SR 25 R TE HEmE Hh 3 B4 i . —Fob
4 MHCF@:E MHCF, 5 —# MHCF@MHCF. 5%)Z4E MHCF = Z 2 Rk IE M KL AT MXene 41k},
KT MR R 2 TR O AL AR A 78 4 5 BUR AR R BT B DL R A A R S i [27] [28] .
MHCF@MHCF & — il & BRAARHR BT 5 %6 Flin: anfsl 2(a)fE 2(b)Fion, Sun ZE[29]38 1 5 1
AT 7N BB (NFFCN-Original) 194126 i 1 A% 5845849 (1 75 Uk 4K B 87 (NNTFFCN-0.002M  NiCl,
FINNiIFFCN-0.005M NiCl,), 7£0.5 A g * ', 5 NFFCN-Original A ., NNiFFCN-0.002M NiCl, 1 NNiFFCN-
0.005M NiCl, [ 5 R M RER LU IR 2] T 32T+ nfEl 2(c)REl 2(d)Fizr, Okubo Z5[30]i&H T Wik 4Lt
TERA R T — M 5E 45 CuFe-PBA@NIFe-PBA, JL7E 0.6 A g FHILLAE N 001 A g1 FHI 60%. 5
CuFe-PBA [f] 24%#HtL, R MEA%] T KIFEHRTF. Hitk, MHCF@MHCF #7545 K & —Fh s 42 Tt &
| W A Ak R AR E PRI S R BT SRS
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Figure 2. (a) Schematic illustrating of nickel hexacyanoferrate/iron hexacyanoferrate (NNiFCN/
NFFCN) and (b) Cycle performance of three different Prussian blue analogues at 0.5 A g * [29]; (c)
CuFe-PBA@NiFe-PBA scanning transmission electron microscopy and EDX scanning results, cop-
per (blue), nickel (green), iron (red) and (d) Rate performance of CuFe-PBA@NiFe-PBA and
CuFe-PBA [30]

Bl 2. (a) NEIKERIR/ 7B EkELEX(NNIFCN/NFFCN) IR EEIFI(b) =MARME &+ 1k
HAUHIZE 0.5 A g FRIFEEFIERE[29]; (c) CuFe-PBA@NiFe-PBA Bk g3 3HiE ST 50 EDX
KPR RE, WEELZK). R(ERLZK). $K(41%k)H(d) CuFe-PBA@NiFe-PBA Fl CuFe-PBA HY
fEERMERE[30]

FR, FEANLRPE T st i & LA S LR B K S 2 T H A R A
(EEI . R I 32 B TR AR /N U VR Bh A0 A i B LW SR I, Billn: You ZF[21]4E 60°C il
i R AR AL 73 7S U AR PR IR 2218 23 AR RO R B 1, X S8 KBS 1 5 W AR IR 7S Sk W AR PR AR AT I
P LA R T 0 (HQ-NaFe) . [ 3(a) Bin F#VE - M al LUE H, 5P Pl & o) 3 & L
(LQ-NaFe)f Lk, HQ-NaFe /K &0 H&(%T 5%, I H HQ-NaFe fU#ia et & 0m. thab, e
LGN, HQ-NaFe 7£ 0.6 A g P FEL A&~ 70 mAh g%, 1 LQ-NaFe L& )L N ZE (K 3(b)).
SRIM, XFPE T2 T RRIE M BR G, RERE & B &+ W R 2 A IR

HAT, 32 B85 rp 7R ER BB 1 DL K B 5 S B 3L DT v 4 4 & LR . i T BRESVE AR XT38
YU TF VA FRALE B R B2 i (— O “ #h Bk 7 OIRAS), BT ARE R SRAG S0 DK & B & Ll SR . 5
. Peng S5 [311E T BREE VAR 4 1 i FE 45 dh AR 5 & L 5 2R )(MnHCF-S-170) . W% 3(c) i, Sk
TR VE A AR I & S (MNHCF-L)AH L, MnHCF-S-170 FI7K R =0 B0 R BE 7 10.2%, J/b
TERR AL, BB T AR E e . FERFRINAAF, MnHCF-S-170 7EATfAl it % E Rt MnHCF-L
HAHE S AR 3(d).
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Figure 3. (a) Thermogravimetric analysis and (b) Rate performance of HQ-NaFe and LQ-NaFe [21];
(c) Thermogravimetric analysis and (d) Rate performance of MNnHCF-S-L and MnHCF-L [31]

3. HQ-NaFe 1 LQ-NaFe HJ(a)#AE 53 #7#0 () ZZE 1 &E[21]; MnHCF-S-L #1 MnHCF-L #9(c)
HRES () ERMERE31]

gk yiie i L, BEA AR B AL DUIE VAT & B R R A ) S N B AR AR A e 5 4 5
T, BRI Sz I B IR, 49 IR S A R I R 2R [32] . Jiang FE[33R A 4 =k
F. LR B (Na DPTAY i B LTI ik & i T 2 & 1 KB (NIHCF-NCs) . NiHCF-NCs 7£ 4.0 A g ' I
L3 R EL 28 800 64.5 mAh g7, BRI ILITIE VA A ) NIHCF-Bulks 75 4.0 A g8 RAEIUN 17.6
mAh g Rk, SEBK S RS LB R, BRI T IR N RR, I EAR IS . A,
FEXS TR ANFIF 8, AR UTEE R TR RMERR, G RCEER S, Hn 5 T RESNARAE
KA Tk Ak S A5

WL WA G L E RIS —— R S 2. AN EETFR AR E L E
R 5 W AU 5 A = 3 B L S A RLEEAT 2 & [36]. 1 Wang 553438 i /K # s B ik 6
+ 1 5HFNFLBR(CMK-3)E &153] T N-PB@CMK. #1E 4(a)fin, 5 N-PB L, N-PB@CMK HJHL
RS PN 478.5 Q, AR T RN CMK-3 ({3561 15 (T-PB) ¥ 944.2 Q. 7£ 3.2 A g I Hi it
T, N-PB@CMK E£ILH T 87 mAh g fLLA R, 1fi T-PB {0 22 mAh g™ (K 4(b)). ESRZMALTT
R A BRI & LR S, R T Z IR T — BRI KL, B, 7 a1
W RPN A PR . 10 Nie Z5[351@1L 7,7,8,8- VU FUAE M0k e I 2 5 WS KB 1k 1
TIEEREI “Tid AR, FEBX PP AR 6y %8 NIHCF/ITCNQ, NiHCF/TCNQ (1 L fif %5 #% B FELAR T 40
NiHCF (/4 4(c)). NiHCF/TCNQ 7£ 0.02 A g™ FRIELA R N 56.4 mAh g™, MARFEHAE 0.2 Ag™t i
HAEEREICH 47.6 mAh g O ELZ8 &, NIHCF £ 29.4 mAh g™ (8 4(d)). 4, %5 RAFE T ILTieik:
il LR, BHA—e &, &5 EprR, R Ll LR n S, AT
R AR R RN LU =
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Figure 4. (a) Electrochemical impedance spectroscopy, equivalent circuit and (b) Rate performance
of N-PB@CMK andT-PB [34]; (c) Electrochemical impedance spectroscopy and (d) Rate perfor-
mance of NIHCF/TCNQ and NiHCF [35]

[& 4. N-PB@CMK #1 T-PB Ri(a) EBILFMEPTIE. SHEIRM(D) ZFRM4AE[34]; NIHCF/TCNQ
F1 NiHCF H(c) F{LEFPRITIER(d) fE2RMEEE[35]

4. IKBRPAE T

KRR T IR A W SRR 2 AR IR, AR E T — N AW I JT R3] [37]. K H&R
T HIBR TR . AR ORIK R AR, D T 7R AR R . BRI 6 L WA
T A RNV RIS, AHRTEK R F AR B 5 1 7 E VA R RN, S T & i
W WA TE K RN T it 3 B AR Bk

TE/K RN T Hth PO FE 5 )2 ) 0 S A A 5 W DL R 3 5 1 A
Yo M FHEES LEROY), SIS LIE R TR e e, A S AL R
SERASENE . Wessells 5[38]3d i ILUTIE VAR 2% T KogNipFe(CN)s-3.6H,0, H1-T- Na ik At 45 44 42
FNEE R R TN, {E 0.05 A g7t I FRIRT 5 B 3 5000 K5, 25 mREEERA 66%. 1FH T 4RI
G LSRR RN 7 H b BB G e g It . Shen ZE[39]R A T AT ER A B L ievE &
T HRLFH Nay 4sNi[Fe(CN)elogr-3.02H,0(m-NiHCF), 5IEE & FIFLPiie A o kI S 7 7 ML 5 s
Z51L(Nay 21 Ni[Fe(CN)glogs-3.21H,0, c-NiHCF)AHLEL, m-NiHCF {45 KRB0 N % T 1.23%, ikl
m-NiHCF ()2 A2k /> . m-NiHCF £ 0.1 A g I FIR 5 E R IMIMA L& A %] 7 70.1 mAh g ™', ¢-NiHCF
0 60.8 mAh g™ BIMETE 2.0 A g (I IR E R, m-NiHCF tB 845 53.2 mAh g ' [ L %8 &, c-NiHCF
fh 18.2 mAh gt i BRI ST, &L SUIIE K RANES T Bt IE AR R, T DU i kg% & ik
MR R AR R . B LR B T A R S RO AL R B 8 SR S B LA 1Bk B AIE
J R N I FLAR B B S VR RE S 3G N 25 W AR 1, BT ATE K RN S 7 st s e )2 W 98 [40] [41].
Wang 257138 it 2P AL SR A il 4 7 AR W AU SR S A A MR (CUHCF), B T A R
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SR R, 7203 A gt HIHEREE T, CuHCF eI AR RN /KW rFIE3F 25 VR s
FaELE 80 mAh g, 4KELAEIN 225 WG LA BIL T LK. Wu Z5[42]008 7@ Lt & 7
Na,CuFe(CN)s & A IEARA B 5 NaTi(POy)s KL T Axraith, ~FICa L RIA S| 1.4 V, LEEEA
48 Wh kg ™. HRHE iR B, A3t &+ W 5 UME K RANES 1 f i IE W AT B A 6 R 1 S P A 5. otk
Ab, FTELACHE BH(A = Na, x > 1) 19385 &+ W RAUTE /K R A0S 7 f it ol o B B i i b A BRI
7K ZR 5N B 1 LT R 2 A N B U A KON (1 BT B AR A . iGN . Nakamoto %5 [43] LA
Na,MnFe(CN)g A7K RANE] T Bt IERAR Y, 7E NaClO, /K VAR T IF 7T 1 Ha AR B R B Sk T A'F HiL IS F B4
WEF T vk B AR T B AL B A9 9 . Lamprecht 25[44] L Na,Co[Fe(CN)e]#1 Na,Ni[Fe(CN)s] A
BERY AR, i FLAE A [R] F A P e TSR R R R R AR A, FEIR T K R T FRL R R A TR 1 1Y
BT R B RS E ML, LA CIO, > NO; > ClI™ > SO W, F4E MEIZW AR, I HARG 1A A
T AR T2 A2 i AR S A FE A B TR SRR . Rk, 7E 8 M NaClO, /KIF#Wi(pH = 5.5),
Na,Ni[Fe(CN)s]7EFEFF 1000 VK5 JL T4 A &8k .
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1) W& A A H A SRl KR &, ARz R G, PR e A
RERALIREAR, WIS TH A7 RR A BAT 75 B R (K 1) R —

2) LM A LR R A R AR BRI H A AR SRS A BRI R A
o (HZ H AT FE B 2 R R AR IAA B AN ZER, KRS T bz BRI . JFH.,
BRI LE Jahn-Telle 24 1 [ B REA 246 .

3) W& LA G LR & B R TP ARSI B, RS BT ST Pl I AN g S R T
BB [ SOE L, > 2 A SRR, (BRI LT VA S A A A R . R, R AR ER
RIEIINF o TSNS a ROTE.
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