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Synthesis of single crystal LiNiygCo0q1Mng,0, by flux method
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Abstract: Nickel-rich ternary material LiNiggC01Mng10, (NCM811) is recognized as one of the
cathode material candidates for the new generation high energy density lithium-ion batteries due to
the advantages of high specific capacity, low cost, and high safety. However, due to the contraction
and expansion of lattice volume during the charge and discharge processes, the inter-granular fracture
cannot be avoided in polycrystalline NCM811 materials, which causes the unsatisfied cycling life of

the materials. Compared with the polycrystalline materials, the single crystal materials have better
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mechanical property, thermal stability and cycle stability. In this work, the LINO3-LiOH mixed flux
with low melting point is applied to prepare single crystal LiNiggCoq:Mng,0, (NCM811) material. The
influence of the synthesis conditions on the structure, morphology and electrochemical performances
of the final products, such as the flux dosage, as well as the sintering temperature, were
systematically investigated by employing X-ray diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscope (TEM) and electrochemical measurements. The results
show that the molar ratio of flux in the mixture of the precursors and the flux is optimized to be 90
mol% and the optimized sintering temperature is 800 <T. The as-prepared NCM811 material with the
size of 1~2 um exhibits the excellent electrochemical performance. Furthermore, the Mg-doped
single crystal NCM 811 material achieves large discharge specific capacity of 165.4 mA h/g and
capacity retention of 97.7% after 100 cycles at 1 C. For comparisons, 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. It can be concluded that the
electrochemical performance and cycling capability of the single crystal NCM811 material is
superior to that 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 the as-prepared NCM materials (a) NCM-800-1, (b) NCM-800-2, (c) NCM-800-3, (d)
NCM-800-4, and (e) XRD patterns of the prepared NCM materials



# 1 NCM-800-1. NCM-800-2. NCM-800-3 F NCM-800-4 # KK Rietveld FEE 5
Table 1. Rietveld refinement results of XRD data for NCM-800-1, NCM-800-2, NCM-800-3 and NCM-800-4

samples
Sample alA c/A Rup/% Rp/% Cation mixing/%
NCM-800-1 2.87 14.21 1.61 1.18 5.42
NCM-800-2 2.87 14.20 1.74 1.25 221
NCM-800-3 2.87 14.21 1.46 111 2.95
NCM-800-4 2.87 14.22 1.40 1.09 3.97

k—BHh, FIH ICP-OES & 7 NCM-800-2 #4 ¥} Li. Ni. Co Ml Mn fJEE/RLE (N 2
Fis)e MNESREIET LA, #KH Li: Ni: Co : Mn EE/R HE N 0.9740 : 0.8010 : 0.0985 :
0.1000, it NCM811 A kM4 A8 1:0.8:0.1: 0.1, XEBSZIGH G K WA L TAE i &1k
) =Juk kAN NCM811.

% 2 FIH 1ICP-OES ME K NCM-800-2 B A Li : Ni: Co: Mn EE/REL
Table 2 Li : Ni : Co : Mn molar ratio of NCM-800-2 sample detected by ICP-OES

Measured stoichiometry (Ref. O = 2.0000)

Sample
Li Ni Co Mn o
Ideal value 1.0000 0.8000 0.1000 0.1000 2.0000
NCM-800-2 0.9740 0.8010 0.0985 0.1000 2.0000
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B 2 (a) NCM-800-2 Fiki ¥y TEM BER; (b) M A XIRIREH) HRTEM ER; (c) A B XIHIRGH SAED ;s
(d) M C XIRIREUH SAED X
Fig. 2 (a) TEM images of NCM-800-2 particles; (b) HRTEM images in the A circled region; (c) 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; (c) XRD patterns of the prepared materials

B 4a) 2 H T SR =Rl gt 5 B BT 46 (0 = Je AR NCMSLL (1 YR 7S il i b 28, 78 il
%% 4 0.1C. A LLE H, NCM-700-2. NCM-800-2 FiI NCM-900-2 =R K Vil Le 45 B
43524 175.6 mA h/g. 197.7 mA hig F1 136.6 mA h/g, T35 8 %4> 5 h 3.82 V. 3.83 V 1 3.66 V.
NCM-800-2 3 W] {5 T~ e P AT NCM AR 4A T HL 28 S A TS i P2 e s, oA e
R EHG RE R 756.6 W h/kg. & 4(b) W =FIFPEIEL 1 C R ORI EAVEREth 2. MBI ]
DLES], 71 Cf5%E T, NCM-700-2. NCM-800-2 FiI NCM-900-2 4} & Vi i kb 25 845 5l
4 146.7 mA h/g.173.6 mA h/g F191.8 mA h/g, 1E# 100 Bl J5 1A R FFE 50718 71.4%..89.1%



F169.8%. A1, NCM-800-2 I H e KW LL A= MR ITE A Fa . DL ERFF s Rk
B, SR AH A AT SRR AT B A 77, MBBSiEE S 800 T I I453 ) NCMB81L A4 KK ek A PE RN
PR AR T AT o

(b) 200

150-\,.__»._‘
e

= 100- : A

n
=
1

Specific Capacity(mAh/g)

Voltage (V)
w
T

30 ——NCM-700-2 —+— NCM-700-2
— NCM-800-2 04 ——NCM-800-2
281 —— NCM-900-2 —s— NCM-900-2
2.6+
T B T - T - T « T & T » T v T bl T W
0 50 100 150 200 0 20 40 60 80 100
Specific Capacity (mAh/g) Cycle Number

& 4 (a) NCM-700-2, NCM-800-2 fl NCM-900-2 #RHK B IRFu i e i 4k (Rt Lf# 0.1 C): (b) &3
PeReiL (GEARAMEE 1C)
Fig. 4 The first charge/discharge curves (a) and the 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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Fig. 5 The first charge/discharge curves (a) and the cycling performances (b) of NCM-800-1, NCM-800-2,
NCM-800-3 and NCM-800-4 cathodes. The charge-discharge rate of (a) was 0.1 C and (b) was 1 C

FRATTFIFH 7 i — BRI Nio.sC001Mno.1(OH), BT B4, SR SCHRHIIE et o7 iP5 e 1 —
WERTE BRI % & NCMB811 # kL (id A NCM-S0), FHELEHEFL T NCM-SO0 4 kLAl #
NCM-800-2 [ 45 Kk s R AL 2 e

NCM-SO #1£LK) XRD & &4l 6 frs. MEHATLIE 2], NCM-S0 #1£HK XRD i Kl 5
LiNiO, PDF + (98-003-4490) #HXJ, HA7 B & [1(003). (101)F1(104)fi754 04, H.(018)F1(110)
FF T 6T 2 PR AT Bt e L 7 T S KBS 24, R ) NCM-S0 #4 kR AT S 1K) 2 AR 454 . NCM-S0 A1 k}
[ 1(003)/1(104) LB v 1.59, BIZAKT NCM-800-2 /) 1.89. B ¥ Skl B AT B 4 () St Ak 45 4
ek rtaE .

. NCM-S0
104
=
& 101 A s 1™
B L/ W
= ]" A A -
£
& 98-003-4490
-
=
—
l L l A A
T T T T T T T T T T T T
10 20 30 40 50 60 70 80
2 Theta/degree

B 6 NCM-SO0 #1EH) XRD Bl i
Fig. 6 XRD pattern of NCM-S0 material
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Fig. 7 Cyclic voltammetric curves obtained with the cells fabricated with (a) NCM-S0 and (b) NCM-800-2
cathodes, respectively. Potential scan rate 0.1 mV/s
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Fig. 8 Rate capabilities of the cells prepared with NCM-S0 and NCM-800-2, respectively
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Table 3 EIS Fitting results obtained with the cells prepared with NCM-S0 and NCM-800-2, respectively before
and after charge-discharge cycles

before cycling after 100 cycles
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