%54 5 53
2025 4 6 H

HES RS
China Nonferrous Metallurgy

Vol. 54 No.3
Jun. 2025

SISAEs HEDOk, Wl , FEA. SRACBRER AR F 7 PR 5 0 S AL AR RERITIE [ ). h B (ifi42,2025,54(3) 1123 - 129.

JIANG Qinglai, YANG Juan, TANG Jingjing. The electrolytic synthesis and electrochemical properties of iron fluoride cath-

ode materials[ J]. China Nonferrous Metallurgy, 2025,54(3) ;123 - 129.

FRE', B W, ERHD

(1. RPN ARERE, 8 K1 410217; 2. PR A¥ RE S TR%6, W8 £ 410083)
[ 2] FALB(FeF) MHA R ZHEE SEZ KRR FH SR AAES T i ERMA 6B R #
S AR S G AT T T AR UK AR, M A R M T G EAR B T B R R SR I
B RACH 0 B AL F N A2 B AT A R E AR T AR R 5 FR AT A E AL R ET
RE R e B A b A AL S (NH HF, ) 720k F H 6 20 K RALER EARAT A I il i AL o & 5 7 20
REHRIBATE B RN EEER T B FRAKIZ FRATERL2E, BRILBERE BRRE
MIKLEREH, —0.58 V(Fe —2e—Fe’* ) 5 0.01 V(Fe’ " —e—Fe’* ) A 4F4E R AL w504, £ 25 C T,
FEH AR EAZ T 0.01 VIERAZ B | h AR AALAH T — R BUE 28R F4H K, 5420 F 100
nm; EARMAE2 ~4.5V B EREA,0.1C T B R EILAEEH 220. 2 mAh/g, FAZR 100 K o5 &4
FHEH91.5% %2R0 BEMAA R EFARF,

[ e8] 42 BT wk, EMMH, Aisk; Skt Ba b lam,; By
[ hE4255 ] TF125; TM912 [ SCHkbrERS] A [ X#EHS]  1672-6103(2025)03-0123-07

S5 B I AR e, (3P A8 23 15 P 2 M RE BP9

DOI;10. 19612/j. enki. ¢n11-5066/tf. 2025. 03. 013

0 55

K BFAE RAE 9% R 256097 A VLA 1) M
SRR B e e T 3 A e, TR
HT BB T b S R A RE R G, L ST RE R RO 2
RS SR E R L T A S 2
fEdlk LRSS SOk T IE MR R, 7E
e AR A TE M A Al B e 0 T30 JB
BB, AR 58 SE BT 1 B 10 SRR | ST G
TE LML R R I o 2 R SRR 3 ~ 4 4% 2692 R
R S W R Bl SRR A Y OE
ORGSR P T BL 22 Ve R, Bt e
RGP M

AR AR B T G B e A

[ WA H 3 ] 2024-10-16

[BE—fE& ] HERR (1983—) , &, Wim E R A+ 882, EEMN
4R B T Al v AR AR

[EEWH] MEARHT ARBIF RS (CEE TR Z2RE S
TR ERA B AT 45 G R S AR M BB ST 2023160268 )

FFURH A3 1R T — A 25 - H 3l 1 A A
M sE A, HRTE M4 M SRERLD A
FeF,-3H,0 FeF, -0. 5H, 0 FeF, -0. 33H, O  FeF, Fll
FeF, 2k %, Horp FeF, -0. 33H,0 Fl FeF, K B 45 7]
WA E FAEAHRE TR 12 WF 9T, 1 FeF, -3H,0 8
AR TR T AT, SR, 2L Sk
32 BR 90 e AE B R S AR AR AR AL
TR AR 2 Bl ) 2 B B 4 R B B AR
FU R 1 E R S O, LR 22 R R SR
RE G B R AR B A R Rl T il TV ) T R
(R e AR P= ) S A oo B 40 %, 30— 25 ) T i
BlALIR A, RGBS 35 SR FH i 5 FL I 45 4
HESEIE 30 3 BRI RN KA Bl B A AR T
FAE SR R IIA T EL DI RS S Bk
JERCPEPT I BE T 28 AP TR AR U, BEAE i S A 7 ik
AREEFH G AGE S

BRSO IE SR, W R S A T
RIS T A 5048 Tk 5 Ak 0 1 F AL 2 TR
U, Zhou 26" R F 20 B2 5 I 1 K5 UK G FeF, -



124 - TEH A E L L

R &

3H,0 FRiFEAL KL FeF, -0. 33H,0, 3281 50 Ik
TERG A HeM5-4% 190 mAh/g (255 . Zhao 2511071,
1ETN B R A il 2 B 40K FeF, - 0. 33H,0 B H
160 RAEFF 5 245 SR 200 mAh/g B9F2E PE, Chu
25U S S VAT 4 S AU K I B A T 4 FeF, 44
KER, B U L A ik 222 mAh/g, HAREER
S, IR T AT AR A2 A WA B e R AL B, AH
BZE HEA AR EAE Ry —Fh gkt i b 2E A
AR M T AT  REFEAR B W 2l & 5, 2
e R A v S AL L L I DIV
RN T A ST 3 P R R A FL A A
2 B A KGR R E AR A R, I 3 4 Ak il 2
EIEAMR LB AT & IR BRAE A SR P )
e AR A R R G275 S H Y AL e e S AR HR
RE I AR SCHR

1 i
L1 UEB5RH

1) 3850, 356 20 6938500 A stk S (o b
afi) LB R A 9 £ M N-FE S i e b Bl | 2
F B LiPF FL RV, Y A LR

2) XA . I B LESALFE DH7000 Lk
2= TAES 76 -1 BUE IR K IAAE  PS -1 R HL 7/ 5
HLRAY = R L T ER A E i R 5
1.2 tRACEZ BIRA %R fh ik

SR FH R A 27 A sl o 42k P AR 7 Ak S v R T
() R A T oA AT I 4 T, 75 380 4 P AR P R £ it
RRIEIMRZE S . AR 2R H R H g, LA
HAE 1 em K 10 em B9 (4ER 99.99% ,3E T
YET R AR E AT ) Ry TAEHA, K 3 em (98 4 em
FANEE B R 1 S i B A RN L ARG
1.3 |ERBEERENLEK

K HH 500 mL By i B AR 2R LUR AT
BRSO AR, TAERAMR EA 1 em K 10 em
() B AT 2k A%, 4 Bl L A R il 22 R B A9 (N
2 em JEFE 1 mm KFEF 10 em), i iE B AL/
TLASCA ) L it R A7 AR AT AT TR, o 8 18 R v
iRt A] , FLARE P P 20 25 S K SRR U RS
FE PR THAR T A7 A2 (500 €2
h) |, AW 200 B (74 um) 5 315 84k
BRI A ML

1.4 H@RIERELFERENK

F P44l H 7 2 44 (SEM, JSM —6360LV %)
FILRETE A (EDS) 23 B A BHE 3 5 0 2 41 A 8 i
X £ A7 841 ( XRD, Rigaku D/max, CuKa 8 47,
10 °/min $94) RAEATRLZEHE

Fi2 70: 20: 10 Fr it LR UL ER | SRR A —
T FAE N-FF L MLk gt Jor T 95 751) v VA5 o B Pl A
B IREBRHERZ 120 CHE T 12 h 53 EW A,
RIGHER S FEFM P A2 CR2032 fnH i . 7tk
h4as B AR R B IR N LiPF, VA R BRIR 2
it (EC) %R — F g ( DMC) Bk B2 F 2. 1% ( EMC)
(FRirbb 1:1: 1) AIR G, MR EZE 0 1 mol/L; FR i
BN TFLIR ( Celgard2300) .

KRB L CT2001 A A e Uil RS54 2 ~
4.5V HLEVEFE N3 T AL ZE AN, ST 0. 1 C(100
AEER) (1 C (200 RAEFR) (1496 20 A2 ik K
0.1 ~5 C BREERRRMEREM A, 472 R FH 18 H 9L 78
HLBE TR OL e T B R T

2 R 5TNHE
2.1 HmUHEESH

T WA 1 4 A3 A4k AR A UL S B T A TR
AR (L 1) O B AT 4 S = A B
Bt, -0.96 ~ —0.88 V MM Ak X 8], H A 2 1 BT
AL, XTI A VR B A TR R B, R
2H* +2e—H,; —0.88 ~ —0.19 V B AL X 8] %}
o7 A% BB B SR AV SR, B Fe — 2e—Fe® ™ | Hirp
—0.88 ~ —0.58 V X [H] P H, 3 2% 3 il R AV, 1E FS R 4L
WK, IFT - 0.58 V bk B A, £ - 0.58 ~
-0. 19 V X [HJE B H 3T 15, Ha AR 2 T 38 31 A -
b AV B R IERE E -0.19 ~0.02 V
RSB R TL  0.02 V I, XTI Fe® * AYTREE
AALRL, IR’ —e—Fe  FET L, %48 -0.19 ~
0. 02 V VB Ry e Ao H g DX 8] AR A AR i) ke’ S5
W) F- 455U R FeF, i 8L,
2.2 fEIMRRBESDHT

T S AE IR i 2 M ATk AR AE b R B T A
VWA AR SR AL (] 2) | HH Ak 27w 07 R AE
WF L IE A 76 - 0. 85 V gbr= A Akl i, &
-0.58 V I, Y BB A AE AL HL AL I X Fe — 2e—
Fe** | Bt AU Ak FEL U0 o 0l AR 22 & - 0. 18 V Y
AR E 1 ,0.01 V Ab H B AN AL H T,



2025 4E 6 A% 3 M

H PR . AR IEAR R4 15 L (07 A5 7 AR 2 PERERIT ST - 125 -

-2r Scan rate:0.1 mV/s

|-0.88V -058V -0.19V-0.02V

| i 1 i i 1 1 |
-1.0 -0.8 -0.6 -04 -02 0 02 04 06
EIN

B P RAE R S AR AW P A A 2k
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electrode in NH, HF, saturated solution
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The electrolytic synthesis and electrochemical properties of

iron fluoride cathode materials
JIANG Qinglai' , YANG Juan®, TANG Jingjing’
(1. Changsha Vocational and Technical College, Changsha 410217, China;
2. School of Metallurgy and Environment, Central South University, Changsha 410083, China)
Abstract: Iron fluoride (FeF,) has emerged as a promising cathode material for lithium-ion batteries due to its
high voltage, high capacity, and low cost. However, its highly insulating nature severely limits the effective
utilization of its lithium storage capabilities. Nanostructuring can shorten lithium-ion diffusion pathways and
effectively enhance the electrochemical activity of iron-based fluorides. Nevertheless, current synthesis methods rely
on complex liquid-phase reactions and high-temperature treatments, making industrial-scale production challenging.
This study employed constant potential electrolysis in an ammonium hydrogen fluoride ( NH, HF,) solution to
directly synthesize nanostructured iron fluoride cathode material. The electrochemical oxidation pathway of metallic
iron in the NH,HF, solution was elucidated using polarization curves and cyclic voltammetry techniques. The main
conclusions are as follows: Polarization curves and cyclic voltammetry tests revealed characteristic oxidation
potential peaks at —0.58 V (Fe —2e—Fe’*) and 0.01 V (Fe’* —e—Fe’* ). Controlling the anode potential at

0.01 V for 1 hour of constant potential electrolysis at 25 °C successfully synthesized iron fluoride material. The
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primary particles of the synthesized material exhibited granular and needle-like morphologies, with particle sizes
below 100 nm. This material delivered an initial discharge specific capacity of 220. 2 mAh/g at 0. 1 C within the
voltage range of 2.0 ~4.5 V. It demonstrated a capacity retention rate of 91. 5% after 100 cycles, reaching a
performance level comparable to carbon-coated materials.

Key words: lithium-ion batteries; cathode materials; FeF,; nano-structuring; constant potential electrolytic
synthesis; electrochemical properties
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