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Fig. 1 Relationship between specific surface area of ZrO, and
precursor feed rate

Kl 2 /& J-3Z0. J-5Z0. J-7Z0 /) TEM & )7 Kk
o AT, SRR BEE IR A EERLE A
3 mL/min #4113 7 mL/min, ZrO, ¥ A&H LEER A
54.89 m*/g J/NE 28.99 mY/g, RN, KCKIAR S AG
WIZHTAR Y, WA R ERARH 7 nm 2455
RE 18 nm A7 o XTI A A3k A< 7T 2 25 5
ZrO, LR TAARLAR, H ZrO, LR A5 bRl %
L, ZrO, Rife HHERBE AR IELE . X A2F NE
VR AR HERL R SRR, O = A ARUROREAR Bk g R
BHERZ , TGS KOG BEAN K e i FE ARG S sy, T



52 B 12 17

55 @IS ARE G A& 9K ZrO, B JLIE R ]

° 3783 -

XX FEK [ RIORELE K A 5 e il X445 B IS 1] R K
FERE_ B30 1 WUkbe 4t Rl A,
22 ARSESHKREN Zro, WELRER, KR KEF
Pl

FEHERLE N 3 mL/min. BT SRS OK E A
0.5 mol/L 1% T, ¥ARETIMEG3. 6.6+
9.9 L/min) 15 2 /%) ) B 7= 1 43 A i AE Q-3.3Z0.
Q-6.6Z0. Q-9.920, HIERMHEATMEM KR
WKl 3 frox, EHAFAAZRIELT, SARE
i, 9K Zr0, 1 EE R AUBRAG .

K 4 /& Q-3.3Z0. Q-6.6Z0. Q-9.970 ] TEM
R Kokt Bk RSP S &SR EIEE
bEE SR EH 3.3 L/min #°K%) 9.9 L/min, ZrO,
PURFIRLRLAS S AT SR BT R %, HIE S
BIRIARIZETHE A, i 7om /245 B9 % 10 nm /245 . TEM
HE O IR 45 1 ZeO, BRIZ S5 M BN INEE, IF HAERL
EEASRE T, Zr0, KRR E A P, X2
PR A0 P Ak PR T 2 2 Wi o S <0t B (R 4G i 7+
&, NI FECEURLR A IR, XIS =R
AR S A f S A

45 _ 45 = 45 7=
40} & *'. ;’: 40l a0l e 8
K™Y o 2 ; g
! ;3! 35} % 35} A i %
e : * ES % BN b ‘g’
< 30 2 e 3 30r 50 330 50 nm
5] 50 nm P o >( nmj d %0 [
& 251 . 25t g5t
s 20 320 D=(13.414 51£0.309 49)nm| 3 20
o r Sl 5 =
E | D=(7.051 32+0.149 31)nm s 15k & 15| D=(18.007 56+0.464 11)nm
10} 10 10}
St 5t 5t
0

P — 0
5 10 15 20 25 30 35 40 5 10
Particle size/nm

(a) J-320

15 20 25 30 35 20 %5 10
Particle size/nm

(b) I-520

15 20 25 30 35 40
Particle size/nm

(¢)J-720

J-3Z0, J-5Z0 and J-7ZO are zirconia obtained at feed rates of 3, 5 and 7 mL/min respectively; D represents the fitted mean particle size.
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Fig.2 TEM photographs and particle size distribution of samples
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Fig. 3 Relationship between specific surface area of ZrO, and
hydrogen flow
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Q-3.3Z0, Q-6.6Z0, and Q-9.9ZO0 are zirconia obtained at hydrogen flow rates of 3.3, 6.6, and 9.9 L/min respectively.
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Fig. 4 TEM photographs and particle size distribution of samples
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N-0.16Z0, N-0.5Z0, and N-1ZO are zirconia obtained at precursor solution concentrations of 0.16, 0.5, and 1 mol/L respectively.
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Fig. 6 TEM photographs and particle size distribution of samples
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Note: 0.2%-811 is 0.2% ZrO,-coated NCMS811.
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Fig. 8 SEM photographs and EDS plots of 0.2%-811
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Note: P811 is unmodified NCM811.
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Fig. 9 XRD patterns of P811 and 0.2%-811
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Table 1 Comparison of first-lap discharge specific capacity
and capacity retention of NCMS811 after coating

modification with different metal oxides
NCMS11

Specific capacity of

modification first discharge/ Number of CapaciFy

sirategy (mAh-g ) cyclesat 1C  retention

This work 188.45 200 83.78%
710, coating ") 163.2 200 59.10%
Al O; coating® 198.5 100 81.10%
TiO, coating!®! 173.4 200 92.62%
WOj5 coating!*! 177.9 100 87.00%
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Pyrolysis
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Extended Abstraction

Introduction A high-nickel ternary cathode material of LiNiygCoo;Mng 0, (NCM811) has a high energy density. However, this
material suffers from interfacial/structural instability, leading to a loss of more than 10% of its capacity during cycling. Cathode
materials can be surface coated to improve their overall performance, in which nano-powder of zirconium dioxide can be used as a
coating material to effectively improve the structural stability of high nickel ternary materials. However, the method for zirconia
preparation has some disadvantages like complicated process flow, high production cost, and easy particle agglomeration. Flame
spray pyrolysis (FSP) is simple in operation, fast in reaction speed, high in product quality, and easy to scale up production. In this
paper, a variety of metal-based nanomaterials with small particle sizes and well-dispersity were prepared via FSP. The effect of
process parameters (i.e., precursor solution concentration, feed rate and hydrogen flow rate) on the particle size, morphology and
specific surface area of the powder was investigated. The synthesis process parameters of ZrO, were optimized, and the effect of
optimal parameters on the coating modification of high-nickel ternary cathode materials was analyzed.

Methods A certain amount of ZrCl, was weighed and dissolved in ethanol, and stirred at 40 C to dissolve it completely and
formulate precursor solutions at different concentrations (i.e., 0.16, 0.50, and 1.00 mol/L). At different hydrogen flow rates (3.3, 6.6,
and 9.9 L/min) and feed rates (3, 5, and 7 mL/min), the precursor solutions with different concentrations were injected into a flame
spray pyrolysis unit by a syringe pump. Finally, ZrO, powder was collected through a filter. The physical and chemical properties of
the powders were determined by Brunauer-Emmett-Teller (BET) surface area analysis, transmission electron microscopy (TEM),
X-ray diffraction (XRD), and laser particle size (DLS) analysis.

Results and discussion The specific surface area of ZrO, is inversely proportional to the feed rate, and the particle size of ZrO,is
directly proportional to the feed rate. The specific surface area of ZrO, powder decreases from 54.89 m%/g to 28.99 m%/g as the feed
rate of precursor increases from 3 mL/min to 7 mL/min. Also, the distribution of particle size gradually becomes wider, and the
average particle size obtained from the fitting increases from 7 nm to 18 nm.The specific surface area of ZrO, is inversely proportional
to the hydrogen flow rate, and the particle size of ZrO, is directly proportional to the hydrogen flow rate. The uniformity of the
particle size distribution of ZrO, nanoparticles decreases, and the fitted average particle size gradually increases from 7nm to 10 nm,
while the specific surface area of the product decreases from 61.57 m*/g to 44.73 m*/g as the hydrogen flow rate increases from
3.3 L/min to 9.9 L/min.

The specific surface area of ZrO, is inversely proportional to the precursor concentration, and the particle size of ZrO, is
proportional to the precursor concentration. The specific surface area of ZrO, gradually decreases from 71.58 m%/g to 45.29 m%/g, the
particle size gradually increases from 6 nm to 11 nm, meanwhile, and the large-size particles increases significantly as the precursor
concentration increases from 0.16 mol/L to 1.00 mol/L.

Conclusions Zirconium dioxide nanoparticles with a high specific surface area, a small particle size and a good dispersibility could
be prepared via flame spray pyrolysis with ZrCl, as a precursor, ethanol as a solvent at a feed rate of 3 mL/min, a hydrogen flow rate
of 3.3 L/min, and the concentration of precursor solution of 0.16 mol/L. The feed rate, hydrogen flow rate and precursor concentration
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all affected the particle size and specific surface area of the product, and the effect of the feed rate was dominant. A lower feed rate
was favorable for the synthesis of ZrO, particles with a smaller particle size and a larger specific surface area. A high hydrogen flow
rate exacerbated the agglomeration of ZrO, particles and reduced their specific surface area. A high concentration of precursor
solution induced the generation of more large-sized particles, resulting in a decrease in the specific surface area. Zirconia obtained
under the optimal process conditions of 0.2% (mass fraction) coating on the surface of NCM811 cathode material could increase the
capacity retention of the battery by 14% at 1 C and 2.7-4.3 V. Nano-sized powder of zirconium dioxide was prepared via flame spray
pyrolysis at suitable process parameters, providing a promising method for the preparation of zirconium dioxide powder with a small
particle size and a high specific surface. In addition, the application in anode capping could also improve the comprehensive
performance of the battery.

Keywords flame spray pyrolysis; nano zirconium dioxide; coating of cathode materials



