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Abstract: At present, the growth mechanism of supercritical solvothermal synthetic lithium iron
phosphate (LiFePO,) nanocrystals and the influence of reaction parameters are not clear. Given
this circumstance, LiFePO, powder with average particle size of 68-85 nm is prepared by super-
critical solvothermal synthesis at reaction temperature of 340—400 °C. The crystal structure and
particle size of the product are characterized and analyzed, and the apparent activation energy and
growth mechanism of LiFePO, nanocrystals growth process are evaluated. On this basis, the
growth kinetics of LiFePO, nanocrystals is established. The results show that the growth process
of nano LiFePQ, in supercritical solvent plays a dominant role in the final crystal size, and the
growth process is controlled by the surface reaction, which conforms to the multinucleus-con-
trolled second-order growth kinetics. In electrochemical performance tests, sample obtained at

400 °C delivers an initial discharge specific capacity of 153. 5 mA * h/g at 0. 1C (C referring to
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charge and discharge rates of the battery), and the capacity retention is 68. 3% at 5C. Impurities

(Li;Fe, (PO,)4 and Fe; (PO,),) in the samples obtained at the reaction temperature of 340 C re-

sults in severe battery polarization. In high-speed charge-discharge, critical capacity decay is wit-

nessed, ending up with a capacity retention of only 46. 9% at 5C. This study reveals the growth

mechanism of LiFePO, nanocrystals synthesized by supercritical solvothermal method, and lays a

theoretical foundation for the subsequent process parameter optimization and even industrial ap-

plication.
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Fig. 1 Schematic for the synthesis and calcination of nano LiFePO,
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Table 1 The preparation parameters of structural refinement from XRD spectra

Bedh RBCRIE RS RBLE SRR SR A 16 LR

i 5 /°C /MPa /min /nm a/nm b/nm ¢/nm V/10° nm®
T1 340 22.5 11.0 24.11 1.03521€0.000 10> 0.601 47(0.000 05) 0.470 17(0.000 05) 292.74
T2 360 26.0 11.0 25.04 1. 035 05(0.000 09) 0.601 22(0.000 05) 0.470 28(0.000 04) 292. 65
T3 390 31.0 11.0 27.65 1. 035 24(0.000 08) 0.601 57(0.000 04) 0.47046(0.000 04) 292.98
tl 400 32.5 3.5 27.07 1. 035 34(0.000 13> 0.601 78(0.000 07) 0.47163(0.000 05) 293. 84
t2 400 32.5 5.0 27.99 1. 036 85(0.000 21) 0.601 98(0.000 11) 0.471 36(0.000 08) 294. 20
t3 400 32.5 8.0 29.45 1.036 49(0.000 14> 0.602 07(0.000 07) 0.470 14(0.000 06) 293. 38
t4 400 32.5 11.0 30. 54 1. 035 95(0. 000 07) 0.601 57(0.000 04) 0.470 13(0.000 04) 292.98
t5 400 32.5 14.0 30. 64 1.03521(0.000 12) 0.601 77(0.000 06) 0.470 29(0.000 05) 292.97
t6 400 32.5 17.0 30. 65 1.034 72(0.000 05) 0.601 15€0.000 03) 0.470 34(0.000 03) 292.56
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Fig. 3 TEM images of the samples and the frequency histogram of particle size distribution
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Comparison of multi-nucleus-controlled  surface

growth kinetics curves with experimental data

http: // zkxb. xjtu. edu. cn
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Table 2 Fitting results of growth kinetic parameters of

multi-nucleus mechanism

p K R S
1 16.03 £ 3.41 0.964 6.7
2 23.33 = 4.24 0.984 1.3
3 53.05 &= 34.07 0.974 3.5
4 213.86 £ 336.03 0.966 6.2
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pared by supercritical solvothermal synthesis
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