WL TR FF,HE 53 K, H 68,2025 F 11 A
Journal of Zhejiang Sci-Tech University
DOT:10. 3969/j. issn. 1673-3851(n). 2025. 06. 004

Z e B & Na,MnPO,F M EIMFI & RHE
s IEBE R 3

FER, IR, KRFR, BRI, MR, HE

Gt T R FMAH S TS 400 310018)

# E: Ak Na,MnPO,F(NMPO R & T ASY 8 T8 F £ £ 505 F 5 3k 24009 B A, R &bk
BB T B EARA AL, RN Y B R & T AR 6B a9 NMPF EARA A, 8 S RAC SR A & Fe B 7 Kb aR S
NMPF #4734 4 865 €& . 5t 047 R B8R B o Ao 5B 7y Xxf NMPF E#ATH S AL Mt ag Frm, 28R KA
BT HRBE RS TR WBIR, BR G AR A 40 1B &7 2 00 8% &8 1 & EMAM A (NMPF-4/1), £
0.05 C Fandba b5 &k 121 mAh/g,150 R E R EHRAFF X 50%,0.10 C TAF AN X TEZEH 100
mAh/g. EHR AT L SGHAEMNE T EREMMARE T 78K, A 2N E T B EA4 ARG 28R,

KEER: BT hb; EAMALEARNA B TR Bk 0E

FESES: TQ25.12 MERIRER: A NXEHS: 1673-3851 (2025) 11-0774-12

Bl it E R P, RAR.F. S HM 0 Na, MoPO, F A # 9 5 & A s se st [ ]]. #rizsE T
RFFRCE AHAF),2025,53(6) : 774-785.

Reference Format: LI Jiaming, WANG Dazhong,ZHANG Linghao,et al. A study on the preparation of a multifunctional
carbon-coated Na, MnPO, F material and its sodium storage properties[J]. Journal of Zhejiang Sci-Tech University,2025,53
(6):774-785.

A study on the preparation of a multifunctional carbon-coated

Na,MnPQO,F material and its sodium storage properties
LI Jiaming \WANG Dazhong ,ZHANG Linghao , XIA Qibo ,SUN Junjie ,YANG Yefeng
(School of Materials Science &. Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To develop high-performance cathode materials for sodium ion batteries, it is urgent to
solve the problems of poor electronic conductivity and low ion diffusion rate of Na,MnPO,F (NMPF)
polyanionic compounds, a carbon-coated NMPF cathode material was prepared by two-step ball milling
method. By optimizing the amount and distribution of carbon source, the uniform composite and coating of
carbon and NMPF were realized. The effects of different carbon source additions and distribution methods
on the electrochemical performance of NMPF cathode materials were analyzed. The results show that the
carbon-coated composite cathode material (NMPF-4/1) prepared by two-step ball milling method with the
ratio of carbon source to manganese source of 4:1 exhibits excellent performance. The initial discharge
capacity is 121 mAh/g at 0. 05 C, the capacity retention rate is as high as 50% after 150 cycles, and the
reversible capacity is 100 mAh/g at 0. 10 C rate performance test. This study provides a new idea for the
development of high-performance cathode materials for sodium ion batteries, and is expected to promote
the wide application of sodium ion batteries in the field of energy storage.

Key words: sodium ion batteries; cathode materials; manganese-based polyanionic; ball milling
method; carbon coating
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A ORAAR2 NMPF&E & #1k}
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B 1 NMPF £ &§#EEE R ITE
F1 AEAESNERRME mmol
gE—un I 2N |

v Mu(CEHL CO) - .

FEfh n(CH,CO) +4H,0 NaH, PO, NaF CH.O.+1L,0 CHLO,+H,0
NMPF-4/1 2.0 2.0
NMPF-4/1-1 1.0 3.0
NMPF-4/1-3 1.0 1.0 1.0 3.0 1.0
NMPF-3/1 1.5 1.5
NMPF-5/1 2.5 2.5
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P 32 L5508 19 o7 B FVREAE AT LA & 7 9 Min



% 6 #

ARV 2 IRERALB No, MaPO, F BPRFI 145 B LG HERE RS 779
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Zefk C=C S L i 215 T NMPF-3/1 B .
U, B B U e (4 38 IR i sp” 21k C=C
St L AR R BN L 5 2T AN RN RE B 1% A A 45 SR A
— 3, FE—ES2 T NMPF-4/1 #i1 NMPF-5/1 ¥ 5
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