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Preparation of titanium dioxide, lithium titanium oxide and
lithium iron phosphate from ilmenite

LI Xin-hai, WU Ling, WANG Zhi-xing, GUO Hua-jun, PENG Wen-jie, WU Fei-xiang

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Titanium hydrolysate and iron-rich lixivium were obtained from the ilmenite by mechanical activation and
hydrochloric acid leaching. By using H,O, as a coordination agent, titanium was leached from the titanium-slag and a
coordination lixivium was obtained. A nano-sized platelike peroxo-titania compound was prepared by heating the
coordination lixivium. The peroxo-titania compound was washed and sintered, then a nano-sized platelike TiO, (99.31%,
mass fraction) was obtained. Li,Tis0,, was synthesized by sintering the mixture of peroxo-titania compound and Li,COs,
the sample shows a good electrochemical performance as an anode material for the lithium-ion batteries. A selective
precipitation method was used to synthesize FePO,xH,O precursor from the iron-rich lixivium. The Ti-Al doped
LiFePO, was prepared using the FePO,xH,0 as the starting material. The as-prepared LiFePO, exhibits a first discharge
capacity of 151.3 and 140.1 (mA-h)/g, respectively, and shows no capacity fading after 100 cycles. Also, this method was
used to synthesize the high-performance LiFePO, from the ferrous sulfate waste slag produced by the titanium dioxide
industry.
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Table1  Chemical composition of ilmenite (mass fraction,
%)

TiO, Fe, FeO Fe,04 MgO
47.60 30.57 32.81 7.25 5.64
SIOZ A1203 CaO MI]OZ
3.35 1.66 0.70 0.663
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Fig.1 Particle size distribution of ilmenite powders
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Fig.2 Experimental flow chart (Dotted line means optional flow)
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Fig.4 XRD patterns of un-milled ilmenite (a), 2 h milled
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Fig.5 SEM image of titanium hydrolysate after being
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Fig.6 EDS spectra of titanium hydrolysate (a), slag of coordination leaching (b), peroxo-titania compound- I (c) and titanium

dioxide (d)
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Fig.7 SEM images of peroxo-titania compound- I (a) and titanium dioxide (b)
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Fig.8 SEM images of peroxo-titania compound- Il ((2), (b)) and titanium dioxide ((c), (d))

(@) (b) -
(101) Ti Element  w/%
Si 0.43
Ti 62.6
(200)
10 = 201y 204) )15
N J (116f Ti
R o _si .
10 20 30 40 50 60 70 80 0 200 400 600 800 1000
260/(°) Energy/keV

B9 HAbEKH XRD KX EDS i
Fig.9 XRD (a) and EDS (b) spectra of titanium dioxide.
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Table 3 Chemical composition of material (lixivium leached
by 20% (mass fraction) hydrochloric acid), pK, (25 ‘C) and
theoretic initial precipitation pH (pH,) of corresponding

in-soluble compounds

Element Concentrzitlion/ pK,p, of insoluble  pH, of ini.tial
(mol-L ) compounds precipitation
Fe 0.2500 21.89 0.318
Mg 0.068 0 23.00-27.00 3.496—4.163
Mn 0.003 8 12.00 4.219
Al 0.0147 18.24 0.728
Ca 0.005 6 28.70 3.755
Ti 0.002 7 29.00 0.784
Si ~0 - -
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Table 4 Molar ratio of Fe, Mg, Mn, Al, Ca, Ti and Si in

lixivium and FePO4xH,0O

Element Fe Mg Mn Al Ca Ti  Si

Lixiviom 100 27.2 152 588 224 1.080 ~0

FePO4H,0O 100 ~0 ~0 1.694 ~0 1.086 ~0
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Fig.12 SEM images of FePO,xH,0 (a) and LiFePO, (b), EDS (¢) and XRD (d) spectra of LiFePO,
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Table S Comparison of electrochemical performance of LiFePO, prepared from different iron sources

Discharge capacity at

Discharge capacity at

Raw material Chemical formula 1C rate (mAh-g ) 5C rate/(mAh-g ) Ref.
Ist 50th 100th Ist 50th 100th
Fe,05H,0 LiFePO,/PAS 141.3 141 120 117 [38]
FeC,042H,0 LiFePO,/C 153 141 [39]
FePO, LiFeq Mg POy 120 113 [40]
FeC,042H,0 LiTig 01Feg 9ePO4 91 84 [41]
Ilmenite lixivium  Ti-Al doped LiFePO,/C 151.3 149.1 150.1 122.9 118.0 117.8 [22, 24]
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Table 6 Chemical composition of FeSO,7H,0 waste slag

Composition Mass fraction/%
FeSO,7H,0 88.52
MgSO47H,0O 6.04
MnSO,5H,O 0.35
Aly(SOy);°18H,0 0.28
CaSO42H,0 0.18
TiOSO, 0.52
Water insoluble 3.83
Other impurities 0.28
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Fig.14 Initial charge and discharge curves (a) and cycle

performance profiles (b) of multi-doped LiFePO,
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Wk, AR5 AR 4 by i O A4 45 T Ik REAL 3 1
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3 Zig
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