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Table 1 Experiment phenomena of precursors sintered in air atmosphere at different temperatures for 7 h

RE/C

R8s 3

200 HSREERRE REAR OB, TR R AR OB I ZRIBK G IR Ak, BCUURE
300 St BERR 2 B ) 5T, v [R1 AT R M B s A ZRAB K, T e bt 0 EL Y 5 S W DB, DO i B (0, IR N £

IR BEREA LR B, rP 1A Z0R G5 A ZR IR KOS VR S DA (0 FLY L 0 0, VR 5 R Wil ik s, D S 41

400
b, IR

500 A [F] 400 °C
600 I [F 400 °C

3Na,Fe(C,0,), + nx0, +4NH,F—9NaF + Fe,0, +
FeF, +18CO0, +8H,0 +4NO, (3)

W2 AT IR AR B B b AR,
A TANERE T REHE 7 h, ik 45 T3 2,

H R 2 AT B E AU, = RS kR
5 S ALEL 7E 200 °C WA A BUET P 5T ;300 C
T =R A B BT IR o s N 400 C A=
700 C Ryl R, = FIR G 8RN 5 b — A 1
O3 F TR W N A R RUER TR BN A R 4k 2k TR =
800 C 1900 °C ,IXE IG5 700 CH—3, XKV
ERTAFARYT , ATORRLE 400 C BPIF IR & A4

BN SRR TR A %) s 107 Bt 2 i B A v, e i 4
e MRS B AT,

KT R 2 prid i g B 4, X m Ok AR 3 A7
TG-DSC M, anf&l 2 Fros, HE 2 ATH NS R 2
200 °C 15T R4 13.56% ,1E 129. 6 CH—1H
R AV | TR A v 2 T O B K PR 28 R 5 kS, RO
WL (4), 200 ~ 254 C By 2k B K Y 8.98% , 1F
241. 0 CAH— W2 my M Egs | ph 310 S i 45 ko3
R, W L (5), 254 ~ 367 C Ik ERY
13.29% , 7 285.4 C A — > B b i Wz P lg | Xk iz
T =B A SRR 05— D43 S g, 5 DL



S112 - T E A & %A

NI R

F2 HTEKAELER AT TR R R
7 h BB
Table 2 Experiment phenomena of precursors
sintered in N, atmosphere at different
temperatures for 7 h
T/ C RIS
200 HEASSH 200 CALEE 7 h RIS — L
300 BEASIIRIRAE G, IR TOK,
400 BRSSPI BRE IR T K
500 BREAEHR KB, REET K,
600 BELE ) KR ORI, AN TR
700 BEAS PR URLAR I, A TOK
800 IXERBLA I 700 C
900 I 4 [F 700 °C

&

DSC/(mW +mg™")

|
|
IS

-8
0 100 200 300 400 500 600 700 800
WRE/C

B2 HFiRAH TG-DSC fhk
Fig.2 TG-DSC curves of the precursor

K (6), 367 ~ 449 C K EHRKN 9.97% , 1F
429.5 CA —~HH b 19 W A0 | 6T 7 T fifie 2 2K R ik
PR AN 1) 43 i S g, 322 ) v WX (7) Ak (8)
449 ~600 °C R EH A 11.23% , HFFE 567.3 CH
— B S B A | 0 DR S UK TR R A R A A
FE, EER A (9) . 600 C 25, AWK
it N i UL 2 e 3§ 2 SRS T AN p S
rnPERES T RERRAE AR 5 18, B a2 700 °C Ry i fEbe
G5

H,0(1)—H,0(g) (4)

NH,F—NH, + HF (5)
2Na,Fe(C,0,), +30,—3Na,CO, +

Fe,(CO,), +6CO, (6)

Fe,( CO,),—Fe,0, +3CO, (7)

Na,CO,—Na,0 +CO, (8)

Fe,0; +3Na,0 + 12HF—2Na,FeF, + 6H,0(g)
(9)

2.2 MRMERERAE
2.2.1 WyPEPEEERIE
FFRTIKAR B T AR, T 700 CREHE T h,
FIFAS /S AR IR AN AR SEM 5 EDS 433101 3 (a)
K 3(b) iR,

- 4 g—'
B A o

5.0kV 10.0mm x30.0k SE(UL)

(a) SEME
1501
Fe
~ 100y
=
=
S
&
4=
50+
F
Fe f
Al hosadiie ) Al L A I 1
0 5 10 15 20 25 30
feE/keV
(b) EDSH

B3 NHEBIRNAIEIR SEM 1515 EDS K
Fig.3 SEM and EDS patterns of Na,FeF

material

H1E 3 (a) AT, MR — UBORL 2 3 AR kAR
25100 ~400 nm,, FH & 3 (b) w0, B A s T
BRI Foe R AR e R IR . AN HER
RRBABRHE XRD Q1P 4 . (I 4 601 FHRHEG
AT SRR AR RS I i 18T 23531 2 (011) L (101) L (002)
( =111),(020) .( =112) .(200) .(210) .( =121)
(=211),(=-113),( -122),(-220),(130) .
(114) .( —131) (132) .(024) .( -312) FI(312), 5
Na,FeF, (JCPDS#22-1381) fy)—2k 1", JeZui , b A
P B 2R 2 B B P2/, T B 500 9 M a =
0.550 63 nm, b =0. 572 03 nm, ¢ =0. 794 30 nm , fuffLfk



2023 46 A5 3 1

RIS HPIAAGE— B N SRR bR BORAE B i i A - 113 -

BN 0.250 19 nm’® , 5 SCHRAGHRE LT —2 >

A

JCPDS #22-1381
|| | I|| 1! - | Y |
| | | | 1 | |
10 20 30 40 50 60 70 80
200(°)

B4 NHEEIRANAT AL XRD &
Fig.4 XRD of Na,FeF, material

2.2.2 HALEPERERAE
7N TR TR A R R 2R B - L I BT 3 IR
it 2 ST PEReth Ze s DL IEL 5 (a) FTEI 5 (b)
A S (a) AT HD, 7S AR R M A4 RHAE 41 25 7 H

451
40}

! | j
0 50 100 150 200 250 300 350 400 450
Za/(mAh- g™
(a) FETf L2

500

400

300

L LA B/ (mAR - g7)

200 1 1 1 1 1 1 1 1 1 I
0 10 20 30 40 50 60 70 80 90 100

TEERREL
(b) JEEMAERER 28
B 5 KRR RSB Tt R
i 3 R ST T 2 S PR RE M 2k
Fig.5 The first three charge-discharge curves
and cycling performance of Na,FeF, for

lithium-ion batteries
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Fig.6 The first three charge-discharge curves

and cycling performance of Na,FeF,
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Synthesis of sodium hexafluoroferrate through an

intermediate method and its properties
YANG Hongjian' , SHEN Huanhuan', ZHOU Yanting' , SHEN Zhouning' ,
YANG Huan', XU Wen', YOU Yi*, LIU Wanmin'
(1. College of Materials and Chemical Engineering, Hunan Institute of Engineering, Xiangtan 411104, China;

2. No.1 Middle School of Liling, Zhuzhou 412200, China)
Abstract: Sodium hexafluoroferrate can be used as a cathode material for lithium-ion batteries and sodium-ion
batteries due to its strong storage capacity of lithium ions and sodium ions, with such shortages as long technological
process, toxic harmful or low-solubility raw materials, poor electrochemical properties. Therefore, a novel method
using Na,Fe (C,0, ) as an intermediate is proposed to synthesize sodium hexafluoroferrate material. The results
show that the material prepared at 700 °C for 7 h in N, atmosphere exhibits excellent electrochemical properties,
with the second discharge specific capacity of 229. 1 mAh/g and the capacity retention of 97. 9% after 100 cycles
for lithium-ion batteries, the first discharge specific capacity of 138 mAh/g and the capacity retention of 90% after
100 cycles for sodium-ion batteries. This route is fairly suitable for industrial production owing to its environmental
friendliness, short technological process, low production cost and good product performance.
Key words: Na,FeF,; Na,Fe(C,0,);; an intermediate method ; lithium ion batteries; electrochemical properties ;

sodium ion batteries; cathode material
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