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Abstract

This study systematically regulated the sintering temperature and the theoretical Fe/P ratio of the
system, combined with a lithium compensation strategy, to enhance the compaction density and
electrochemical performance of traditional industrialized lithium iron phosphate (LiFeP0,). The
experiments demonstrated that at a sintering temperature of 765°C and an initial Fe/P ratio of
0.968, the material achieved a balance in compaction density and electrochemical performance,
with a capacity of 161.5 mAh/g at 0.1 C and a sintering compaction density of 2.32 g/cms3. By adjust-
ing the theoretical Fe/P ratio of the system through the addition of phosphoric acid, the sintering
compaction density was increased to 2.47 g/cm3. However, the excess phosphoric acid led to the
formation of inactive phases, increased interface impedance, and a significant decrease in capacity.
By combining lithium compensation to offset the loss due to volatilization, lattice defects were sup-
pressed, and the 1 C capacity was improved to 149.1 mAh/g. In this study, an industrialized prepa-
ration path was proposed to achieve compatibility between compaction density and high capacity.
This research provides a theoretical basis and process guidance for the development of LiFePO4 for
high-energy-density power batteries.
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Figure 1. Classification of LiFePO4 products
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Table 1. The influence of different sintering temperatures on product performance

F 1. NEREREX Mt AT

755 14.21 14.38 1.41 2.28 0.351
760 13.35 13.82 1.35 2.30 0.369
765 12.23 12.10 1.32 2.32 0.482
770 11.84 11.47 1.29 2.33 0.658
775 10.97 11.13 1.27 2.35 0.831

Figure 2. SEM images of the products at different sintering temperatures. (a)
755°C; (b) 760°C; (c) 765°C; (d) 770°C; (e) 775°C

2. AEIRLERE T =M SEM B, (a) 755°C; (b) 760°C;; (c) 765°C;
(d) 770°C; (e) 775C
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Figure 3. The effect of different sintering temperatures on the elec-
trical properties of the product
B 3. TERRERE X = meE R RF200
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Table 2. The influence of different Fe/P on product performance in the system

5% 2. kBPAE Fe/P M= Mt LRI SN

0 0.9680 12.23 9.47 2.32 0.482
0.10 0.9661 12.25 9.41 2.35 0.465
0.15 0.9652 12.16 9.39 2.37 0.469
0.18 0.9647 12.18 9.35 2.40 0.473
0.20 0.9643 12.21 9.32 241 0.458
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Figure 4. The influence of different Fe/P in the system on the electrical
properties of products
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Figure 5. XRD comparison of samples with LFP and Li3PO4
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Table 3. The effect of continuously reducing the theoretical Fe/P of the system on product performance after adjusting the

amount of Li2CO3 added
5= 3. A% LCOs MAZEEHFEMERARIEIL Fe/P MMM REAIE N

BRI E R R IR H 4 s S .
(%) Fe/P (m%/g) pH (g/em?) R ) (ppm)
0.20 0.9643 12.15 9.30 2.42 0.458
0.25 0.9633 12.21 9.29 243 0.475
0.30 0.9624 12.19 9.27 2.46 0.494
0.40 0.9606 12.20 9.26 247 0.596
0.50 0.9588 12.23 9.24 2.46 0.794
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Figure 6. The effect of different amounts of phosphoric acid added on the
electrical properties of the product
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Table 4. Display of finished product data
® 4. RERBIERT

BR01C BHRI1CH

BRIMAE HRER HRER S B B Rt
0 pH BAELAR HAR 0
(%) Fe/P (m?/g) (g/em’) (mAh/g)  (mAh/g) (%) ppm
0.30 0.9624 12.03 9.13 2.53 156.9 143.7 98.5 0.483
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TEATRE LA, R T s S R SEEL], AN BERR 1 B f& R P28 Fe/P, 1E =il T 6% B
AePE IR B HE S B AL, FRER O A S PR RE I SRR T A SR, TERN N B RR 1 B 1k R IR Fe/P
MIRTEE T, AR Li,COs F sl A M P2 A, RIS, $Rm iR . R4 5 S b
FE, RfEg T 2% “m%E - RER” 1FE, Wash il mafeE % EnwER, ek
¢ LiFePO4 1) LMV AGHR Hh— Bl Sems, HEsh BRI i s i & R e .

SEEk

[1]  FAAh &% B R AR R ) TARHER SR 7 5 R 2R [I]. T MK T, 2024, 52(20): 160-164.

[2] Mok, BESLPE, mRlE, S5 ) IR Bt RO AR EON B R A R FL[0]. MRS, 2023, 61(8): 14, 17.
[3] 2=, xR, B, & BEERREEURRIBRE S SR AR 2 ma D], 3074k T, 2024, 53(11): 1645-1648.

[

4] Nguyen, D.T., Kim, J. and Lee, Y. (2023) A Hybrid Carbon-Li13Alo3Ti1.7(PO4)3 Conductive Coating for High Current
Rate LiFePO4 Cathode Material. Chemical Engineering Journal, 461, Article ID: 141750.
https://doi.org/10.1016/j.cej.2023.141750

[5] Wang,J. and Sun, X. (2012) Understanding and Recent Development of Carbon Coating on LiFePO4 Cathode Materials
for Lithium-lon Batteries. Energy & Environmental Science, 5, 5163-5185. https://doi.org/10.1039/C1EE01263K

[6] Li, Z., Deng, Z., Pang, W., Tong, G. and Liang, F. (2025) High Electrochemical Performance of Highly (020) Preferred
Orientation LiFePO4 for Lithium Ion Battery. Journal of Power Sources, 644, Article ID: 237131.
https://doi.org/10.1016/j.jpowsour.2025.237131

[7] Li L., Li, X., Wang, Z., Wu, L., Zheng, J. and Guo, H. (2009) Stable Cycle-Life Properties of Ti-Doped LiFePOs Com-
pounds Synthesized by Co-Precipitation and Normal Temperature Reduction Method. Journal of Physics and Chemistry

DOI: 10.12677/ms.2025.156137 1300 MR 2


https://doi.org/10.12677/ms.2025.156137
https://doi.org/10.1016/j.cej.2023.141750
https://doi.org/10.1039/C1EE01263K
https://doi.org/10.1016/j.jpowsour.2025.237131

BB A

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

of Solids, 70, 238-242. https://doi.org/10.1016/j.jpcs.2008.10.012

Lee, S.B., Jang, I.C., Lim, H.H., et al. (2010) Preparation and Electrochemical Characterization of LiFePO4 Nanoparti-
cles with High Rate Capability by a Sol-Gel Method. Journal of Alloys and Compounds, 491, 668-672.
https://doi.org/10.1016/j.jallcom.2009.11.037

Zhang, W. (2010) Comparison of the Rate Capacities of LiFePO4 Cathode Materials. Journal of the Electrochemical
Society, 157, A1040. https://doi.org/10.1149/1.3460840

TR ARG L B RR AR AL MR RE R R [D]: (14718 50). bRt JbERUH B & B LR B, 2016.

Zhao, L., Wang, W., Wang, A., Yuan, K., Chen, S. and Yang, Y. (2013) A Novel Polyquinone Cathode Material for
Rechargeable Lithium Batteries. Journal of Power Sources, 233, 23-27. https://doi.org/10.1016/j.jpowsour.2013.01.103

Padhi, A.K., Nanjundaswamy, K.S. and Goodenough, J.B. (1997) Phospho-Olivines as Positive-Electrode Materials for
Rechargeable Lithium Batteries. Journal of The Electrochemical Society, 144, 1188-1194.
https://doi.org/10.1149/1.1837571

Prosini, P.P., Carewska, M., Scaccia, S., Wisniewski, P., Passerini, S. and Pasquali, M. (2002) A New Synthetic Route
for Preparing LiFePO4 with Enhanced Electrochemical Performance. Journal of the Electrochemical Society, 149, A886.
https://doi.org/10.1149/1.1481716

Chen, Z. and Dahn, J.R. (2002) Reducing Carbon in LiFePO4C Composite Electrodes to Maximize Specific Energy,
Volumetric Energy, and Tap Density. Journal of the Electrochemical Society, 149, A1184.
https://doi.org/10.1149/1.1498255

Huang, H., Yin, S. and Nazar, L.F. (2001) Approaching Theoretical Capacity of LiFePO4 at Room Temperature at High
Rates. Electro-Chemical and Solid-State Letters, 4, A170. https://doi.org/10.1149/1.1396695

Doeff, M.M., Hu, Y., McLarnon, F. and Kostecki, R. (2003) Effect of Surface Carbon Structure on the Electrochemical
Performance of LiFePOas. Electro-Chemical and Solid-State Letters, 6, A207. https://doi.org/10.1149/1.1601372

Sun, C., Rajasekhara, S., Goodenough, J.B. and Zhou, F. (2011) Monodisperse Porous LiFePO4 Microspheres for a High
Power Li-Ion Battery Cathode. Journal of the American Chemical Society, 133, 2132-2135.
https://doi.org/10.1021/jal 110464

Chen, Z., et al. (2013) Liquid-Phase Sintering of LiFePO, Cathode Materials for Lithium-Ion Batteries. Journal of Power
Sources, 243, 716-723.

DOI: 10.12677/ms.2025.156137 1301 MR 2


https://doi.org/10.12677/ms.2025.156137
https://doi.org/10.1016/j.jpcs.2008.10.012
https://doi.org/10.1016/j.jallcom.2009.11.037
https://doi.org/10.1149/1.3460840
https://doi.org/10.1016/j.jpowsour.2013.01.103
https://doi.org/10.1149/1.1837571
https://doi.org/10.1149/1.1481716
https://doi.org/10.1149/1.1498255
https://doi.org/10.1149/1.1396695
https://doi.org/10.1149/1.1601372
https://doi.org/10.1021/ja1110464

	一种新型工业化制备压实密度与容量平衡型磷酸铁锂的研究
	摘  要
	关键词
	Research on a New Industrialized Preparation Method for Lithium Iron Phosphate with Balanced Compaction Density and Capacity
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	3. 结果与讨论
	4. 结论
	参考文献

