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Abstract
In the first half of 2025, the titanium dioxide production reached 2.305 million tons, with the sulfate
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process being the primary method for its production, which generates substantial amounts of waste
acid. In addition to valuable elements like iron (Fe), the titanium dioxide waste acid also contains
impurities, such as titanium (Ti), aluminum (Al), and chromium (Cr). Improper disposal of titanium
dioxide waste acid not only causes environmental pollution but also hinders sustainable economic
development. With the rapid advancement of new energy technologies, the demand for lithium-ion
batteries has been increasing. Lithium iron phosphate (LFP) cathode materials have secured a prom-
inent position in lithium batteries due to their low cost and high performance. Leveraging these ad-
vantages, this process develops a recycling route using titanium dioxide waste acid as an iron source
to produce battery-grade iron phosphate for synthesizing high-performance lithium iron phosphate.
The iron was recovered from highly impure titanium dioxide waste acid via precipitation, followed
by sintering to obtain battery-grade anhydrous iron phosphate. Finally, the lithium iron phosphate
cathode material was synthesized through a solid-phase method. Elemental testing (ICP) demon-
strated the necessity of phosphate purification, while scanning electron microscopy (SEM) and X-
ray diffraction analyses confirmed the structural feasibility of the synthesis process. Electrochemi-
cal results showed that the material delivered a capacity of 152.3 mA-h-g-1 at 1 C and maintained a
capacity retention rate of 98.1% after 500 cycles, further validating its commercial viability.
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Table 1. ICP results of a, b, ¢, d-FePO4-2H20
5 1.a, b, ¢, d-FePO4+2H,0 AY ICP 58

i [ 2 BAE R A H

JLE Fe P Al Cr Ni Mg
a-FeP0O4-2H,0 B (Wt.%) 30.81 15.49 0.233 0.011 0.002 0.040
b-FePO42H20 R (wt.%) 30.32 16.44 0.221 0.011 0.002 0.038
c-FePO4-2H20 B (Wt.%) 30.13 16.34 0.032 0.001 0.000 0.001
d-FePO42H20 R (wt.%) 30.39 15.42 0.037 0.009 0.000 0.001
Table 2. Iron-to-phosphorus ratio of a, b, ¢, d-FePO4-2H20
= 2.a, b, ¢, d-FePOs2H.0 HISkHE T EEL I
a-FePO4-2H.0 b-FePO4-2H20 c-FePO42H0 d-FePO4-2H20
Fe/P 1.10 1.02 1.01
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Figure 1. SEM image of c-FePO4 and corresponding EDS spectra and

quantitative analysis of Fe, O, and P
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Figure 2. XRD pattern of TBFS-LFP
[& 2. TBFS-LFP B9 XRD
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Figure 3. Charge discharge curve of TBFS-LFP at 0.1 C/1C
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Table 3. Performance indicators of lithium iron phosphate
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Figure 4. Cycle performance of TBFS-LFP at1 C
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Figure 5. The magnification performance of TBFS-LFP
5. TBFS-LFP IS4 &8

W& 5 frox, TBFS-LFP 7£0.1C. 0.2C. 0.5C. 1C #12C 43t 160.1. 157.8. 154.3. 150.5.

DOI: 10.12677/ms.2026.162026 95


https://doi.org/10.12677/ms.2026.162026

I, ARE

145.1 mAh-g ' (7. AR RIERE, A5 MERT, BB Es b s, HIKES
R )G, HRRI LR PR

4. BEE

AL Z UMK ERIR T I BOVERIR, BER A —HONTEIR, Wi R% pH &m0 J53%, Bk AT IR Bk
MRS S HAR A SRR AEHE 7 B, IRV BERR R B AL RR BRI B R L . BRRRVEHE— D Al ik
Rk TN ZE T B B0 25 BR IR B ) 445 it /K ) T 22D R4S B LM R e /K B IR Bk o FM) I i) 4% P FRL T 2%
R Rk T XAV B ORI AL, AT o ORI R B AR ), RSL A2 e . B XA R
AEFIRAL 20 1T, IZAPRLR DU ST A K BRRBTRL, 1C 53 F IR EE A B W] ik 152.3 mAh-g™, JE3F
500 X Jm A E AR R R A 98.1%. SE A REIL B i A B 1 rEI 5 R [15] . —Md& PR s . ISR ACHT
v AT R LA B SR T AR PR R R I AL ) 26 AR B AH 1) T 2T, I N B 1 R S 4 1 1B Wi A
AUHT RETEA R S (R PSR T B T2 BR 4k

SE K

[1] KB, WA BECk, 55 BRERIR BT ALEEDT S [I]. 1l AR 46T, 2023, 52(21): 260-263.

[21 BJER. SR PRIR I TG H AL B R S fE AR F [D]: [k 2A A0 ] YERA: PERAAL LR, 2023.

[8] ke, &S, W, & BEER ORI ARE[]. WL T, 2013, 30(Z2): 12-15.

[4] BRAEZE. BREURIR kil & it R ER[D]: [Wl L2213, Kb hrg ke, 2024,

[5] Manthiram, A., Fu, Y. and Su, Y. (2012) Challenges and Prospects of Lithium-Sulfur Batteries. Accounts of Chemical
Research, 46, 1125-1134. https://doi.org/10.1021/ar300179v

[6] Li,J.and Ma, Z. (2019) Past and Present of LiFePO4: From Fundamental Research to Industrial Applications. Chem, 5,
3-6. https://doi.org/10.1016/j.chempr.2018.12.012
[71 Zaghib, K. and Julien, C.M. (2005) Structure and Electrochemistry of FePO4-2H20 Hydrate. Journal of Power Sources,
142, 279-284. https://doi.org/10.1016/j.jpowsour.2004.09.042
[8] Nien, Y., Carey, J.R. and Chen, J. (2009) Physical and Electrochemical Properties of LiFePO4/C Composite Cathode
Prepared from Various Polymer-Containing Precursors. Journal of Power Sources, 193, 822-827.
https://doi.org/10.1016/j.jpowsour.2009.04.013
[9] Wu, C., Xu, M., Zhang, C,, Ye, L., Zhang, K., Cong, H., et al. (2023) Cost-Effective Recycling of Spent LiMn204 Cathode
via a Chemical Lithiation Strategy. Energy Storage Materials, 55, 154-165.
https://doi.org/10.1016/j.ensm.2022.11.043
[10] Yang, Y., Zhang, J., Zhang, H., Wang, Y., Chen, Y. and Wang, C. (2024) Simultaneous Anodic De-L.ithiation/Cathodic
Lithium-Embedded Regeneration Method for Recycling of Spent LiFePO4 Battery. Energy Storage Materials, 65, Article
ID: 103081. https://doi.org/10.1016/j.ensm.2023.103081
[11] FHLE, &g, HHE, & B RRE b ERME R T2 L IUIR[]. RSP R 2 S  LFE,
2025, 40(11): 84-92.
[12] K&, VB PR, S KAGELARE I b S BREIOTT S0, FPRHR, 2017, 31(10): 25-31
[13] Chen, S, Lv, D., Chen, J., Zhang, Y. and Shi, F. (2022) Review on Defects and Modification Methods of LiFePO4 Cathode
Material for Lithium-lon Batteries. Energy & Fuels, 36, 1232-1251. https://doi.org/10.1021/acs.energyfuels.1c03757
[14] Yang, Z., Dai, Y., Wang, S. and Yu, J. (2016) How to Make Lithium Iron Phosphate Better: A Review Exploring Clas-
sical Modification Approaches In-Depth and Proposing Future Optimization Methods. Journal of Materials Chemistry A,
4, 18210-18222. https://doi.org/10.1039/c6ta05048d

[15] Xu, Y., Chung, S., Bloking, J.T., Chiang, Y. and Ching, W.Y. (2004) Electronic Structure and Electrical Conductivity
of Undoped LiFePOa4. Electrochemical and Solid-State Letters, 7, A131. https://doi.org/10.1149/1.1703470

DOI: 10.12677/ms.2026.162026 9 ey PR


https://doi.org/10.12677/ms.2026.162026
https://doi.org/10.12677/ms.2026.162026
https://doi.org/10.1021/ar300179v
https://doi.org/10.1016/j.chempr.2018.12.012
https://doi.org/10.1016/j.jpowsour.2004.09.042
https://doi.org/10.1016/j.jpowsour.2009.04.013
https://doi.org/10.1016/j.ensm.2022.11.043
https://doi.org/10.1016/j.ensm.2023.103081
https://doi.org/10.1021/acs.energyfuels.1c03757
https://doi.org/10.1039/c6ta05048d
https://doi.org/10.1149/1.1703470

	钛白废酸制备高性能磷酸铁锂的工艺试验
	摘  要
	关键词
	Process Experiment on Preparing High-Performance Lithium Iron Phosphate from Titanium Dioxide Waste Acid
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 实验试剂
	2.2. 材料的制备
	2.2.1. 电池级磷酸铁的制备
	2.2.2. 磷酸铁锂正极材料合成
	2.2.3. 极片的制备及电池组装


	3. 结果与讨论
	3.1. 元素含量分析
	3.2. 物相分析
	3.3. 电化学性能

	4. 总结
	参考文献

