9% o it fe A ¥ 5 B K Vol.9  No.6
2020 ©F 11 H Energy Storage Science and Technology Nov. 2020

| TREEMTRIS B

By % 701 i% %! & 2. & LiNi, ,Co,,Mn, O, IER#1#

RS, HER", %E", B 8
CAfp [ R 22 B RIEA I FERE ST, 107 RiE 1160235 A EFEERE KRS, JE5 100049)

W B 54 = THMHLINI,Co, Mn, O,(NCMSI ) EA b 52 5. MALIEAZ o S F R E, TRAH—K
BREFEED TR R EMMAZ—, B RREL AR Y LA RGERIBIK, FRE LA
NCMS811 & T b 18 5 7 o = £ S, MATI IR A e R 2. 55 R utsar, £& ZTHHa
A EME S F . BAEE MRS . KRR T IR SR A B 15 ) LINO,-LiOH, 3§ L2 A T&-m %
T NCM8I11 A4, 158h X 4 & AT4H(XRD). 12458 F EM4A4AL(SEM). E4 & F S M4 (TEM)F= 1k 305X 5 7 ik,
BT B R E AR BT F A NCMSLL A6 454, 4. b Fabad#rm, JHadiddsf Mg A Z st
HatAT— e sk, ERE, BBEAE HEF AR RASY T G E RS 90%. B4R E A 800 °C
BT, #&-49% 5 NCMS11 AH# a9 442 h 1~2 um, %2t R4F, BEAKFa i e BRaEa ., Mgt
FH L% B NCMS AR T AR —F R G, A1 CAEEITARE, 21T 100 KIBIRE 688k
BEAH1654mA g, BERIFEAHITI%, FXA T BRSS9 S HAEHNCMSI A, A1 CEEHATA
AR, HEIR 10045 KB AE 4 132.9 mA-h/g, ZEHRFEAT75.0%. &L DL NCMSI ArHag 1837422 1
Fo AL F M AL B BAL T % dh S 49 NCMS11 A4t

XBEIE: BB BEA A RE, LEBL 25 Tak

doi: 10.19799/j.cnki.2095-4239.2020.0149

FESES: TMI1L XRkPREAS: A NXEMHS: 2095-4239 (2020) 06-1702-12

Synthesis of single-crystal LiNi,;Co,,Mn,,0, by flux method
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Abstract: The nickel-rich ternary material LiNi,,Co,,Mn,,0, (NCM811) is one of the cathode material
candidates for new-generation high-energy density lithium-ion batteries due to its advantages of high
specific capacity, low cost, and high safety. However, the inter-granular fracture cannot be avoided in
polycrystalline NCM811 materials due to the contraction and expansion of the lattice volume during the
charge and discharge processes, which causes an unsatisfied cycling life of the materials. Compared to
polycrystalline materials, single-crystal materials have better mechanical property and thermal and
cycle stabilities. In this work, the LiNO,-LiOH mixed flux with a low-melting point is applied to
prepare the single-crystal LiNi ;C00.1Mn,,0, (NCM811) material. The influence of the synthesis
conditions on the structure, morphology, and electrochemical performances of the final products (e.g.,
flux dosage) and the sintering temperature are systematically investigated through X-ray diffraction,
scanning electron microscopy, transmission electron microscopy, and electrochemical measurements.

The results show that the molar ratio of flux in the mixture of the precursors and the flux is optimized
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to be 90 mol%, and the optimized sintering temperature is 800 °C. The as-prepared NCM811 material

measuring 1-2 um exhibits an excellent electrochemical performance. Furthermore, the Mg-doped

single-crystal NCM 811 material achieves a large discharge specific capacity of 165.4 mA-h/g and a

capacity retention of 97.7% after 100 cycles at 1 °C. For comparison, the discharge specific capacity of

the polycrystalline NCM811 material synthesized from the commodity precursors is only 132.9 mA-h/

g, and the capacity retention is 75.0% after 100 cycles at 1 °C. In conclusion, the electrochemical

performance and the cycling capability of the single-crystal NCM811 material are superior to those of

the polycrystalline NCM811 material.

Key words: single crystal nickel-rich ternary material; flux method; element doping; lithium-ion

batteries
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Fig.1 SEM images of as-prepared NCM materials (a) NCM-800-1; (b) NCM-800-2; (c) NCM-800-3;
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Fig.2 (a) TEM images of NCM-800-2 particles; (b)
HRTEM images in A circled region; (¢) SAED patterns
acquired from B circled region; (d) SAED patterns
acquired from C circled region
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Fig.3 SEM images of (a) NCM-700-2 and (b) NCM-900-2; (¢) XRD patterns of prepared materials
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Fig.4 First charge/discharge curves (a) and cycling performances (b) of NCM-700-2, NCM-800-2 and NCM-900-2 cathodes.
The charge-discharge rate of (a) was 0.1 C and (b) was 1 C
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