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Preparation of LiFe;-3,,Al,PO4 cathode material by
precursor-doping combined room temperature reduction via
ball-milling

LU Fan, WU Ling, GUAN Miao, ZHONG Sheng-kui, LIU Jie-qun

(School of Iron and Steel, Soochow University, Suzhou 215021, China)

Abstract: Al**-doped precursors (FePO42H,0) were prepared via a co-precipitation method. LiFePO, precursor-
mixtures were obtained by ball milling at room temperature using FePO,2H,0, Li,CO; and oxalic acid as raw materials,
and then olivine-type LiFe, 3,,Al,PO4 were synthesized by the following heat treatment. The samples were characterized
by using X-ray diffraction, scanning electron microscope, high resolution transmission electron microscope and
galvanostatic charge/discharge test. The results show that a proper amount of Al doping does not obviously change the
structure of LiFePO,. When y=0.01, AI*" ions tend to occupy Fe site, and when y=0.02, AI*" ions occupy both Fe and Li
sites. LiFegggsAlg PO, exhibits the most impressive electrochemical performance as follows: its initial discharge
capacities are 162.4, 152.2 and 142.0 mA'h/g at 0.1C, 1C and 2C rates, respectively, its discharge capacity is 149.7
mA-h/g even after 100 cycles at 1C rate.
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Table 1 Fe and Al content of precursors

y value wFe)/%  w(AlD/% Al/Fe molar ratio
0 30.18 - -
0.01 29.92 0.159 1.10:100
0.02 29.76 0.295 2.05:100
0.03 29.72 0.457 3.18:100
0.05 29.55 0.694 4.86:100

The y value is the designed Al/Fe molar ratio.
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Bl 1 LiFe,3,,ALPO,[f] SEM 4
Fig. 1 SEM images of LiFe, 3,,Al,POy:
(a) y=0; (b) »=0.01; (c) »=0.02; (d) »=0.03;
(e) »=0.05

10 20 30 40 50 60 352 356  36.0
20/(°) 20/(°)

B2 LiFe,_3,,ALPO, 1) XRD i (a) K (311)IHIAT5H UM R0 R Kl (b)
Fig. 2 XRD patterns of LiFe, 3,,Al,PO, (a) and partial enlarged figure of (311) peaks (b)
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AT TRHE . RSB RES S IR — IR DA R ok A
PRTHE, RHE T WRFAE . A3 A 4
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Table 2 Lattice parameters and crystallite size of
LiFe; 3,,Al, PO,
yvalue  a/A b/A c/A V/A*  Dy/nm
0 10.3224  6.0025 4.6953 29092  46.32
0.01 10.3228  6.0022 4.6924 290.74  46.01
0.02 10.3258 6.0067 4.6978 291.38  46.37
0.03 10.3274  6.0092  4.7021 29298  46.75
0.05 10.3306 6.0110 4.7048 292.16  47.08

CROMLE] 1 AN 4 33 T BAERMESE A, s M i 4L
A2 F T3k 2 FISR 4. 1R 4 051, Ry, F
Rexp 37T 10%, R IRGIE 45 A& G B

2 2 ml4, MiES APV RNTE, BREE a
B, 1M by o MR v ¥R/ ERS, B
YIE y=0.01 WA ZER/ME. HEMRLE 4)nT %1,
45 AR 1=0.01 I, AU"54E Fe £, JfH Fe £
A2 T LT AMEE ([ V. 1= (Al 1/2)s fHIE 2435 AP
Hy=0.02 I, AU'FEN W Li f2F0 Fe £, Jf A

Table 3 Ideal composition and defect compensation mechanism of doping for LiFePO, (where M represents metal ions)™

No. Ideal crystal composition Defect compensation mechanism Defect compensation (Kroger-Vink notation)
1 Li, , M"'FePO, Li-substitution & Li-vacancy compensation V.. 1=(n-D[MU™"
2 Li,_,_,, M Fe,_PO, Fe-substitution & Li-vacancy compensation [V.]=m-2)[Mu™"

3 Lil—xMerFel—(n—l)x/2P04

4 LiM"'Fe, , ,PO,

1-nx/2

5 LiFePO, +M O,

Li-substitution & Fe-vacancy compensation

Fe-substitution & Fe-vacancy compensation

VL= (m-1)[M”

i

AV = (=M

Stoichiomtric & impurity -

F 4 LiFe 3, AL PO, il XRD H#i ) Rietveld #51E45 R

Table 4 Rietveld-refinement results of XRD data of LiFe;_3,,Al,PO4 (Occupancy)

Atom Position Occupancy

y=0 y=0.01 y=0.02 y=0.03 y=0.05
Li 4a 1 1 0.9748 0.9658 0.9271
Al 4a — - 0.0084 0.0114 0.0243
Fe 4c 1 0.9829 0.9840 0.9721 0.9643
Al 4c - 0.0114 0.0107 0.0186 0.0238
P 4c 1 1 1 1 0.9902

0O1 4c 1 1 1 1 1

02 4c 1 1 1 1 1

03 8d 1 1 1 1 1

R,x;=8.92% R,xy=9.96% R,,=9.88% R,x=9.54% R,x=9.90%

Rexp=5.32%

Rexp=5.97%

Rey=5.83% Rey=5.61% Rexp=5.91%
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2.2.3  LiFeyo7Aly 02 PO, fRL ITHIX WY

3 7 K LiFe 97Aly 0oPO4 #F it ) TEMHRTEM
% F1 EDS %,

0 200 400 600 800
Energy/keV
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200 400 600 800 1000
Energy/keV

Fig. 3 TEM, HRTEM images and EDS patterns of LiFeq¢;AlyoPOy4: (2), (b) TEM images; (¢c) HRTEM image of section c;
(d) HRTEM image of section d; (¢) EDS image of section e; (f) EDS pattern of section f
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HH & 3(a)MI(b) AT 41, FF il BRI RN R 0.1~1
pm,  dioREZ AT KR AHIE . £H ] 3(c)FI(d) RT %1
LiFe) 97Aly 2POy4 SoRLI imAS IR I, FIHSE R, H
S R A — SR, X T AR T AP
BILGIEN); Y4, LiFePO, ki £ 4 A8 %
— 2T TN 2~4 nm JF), ER T —Fp “H—7”
gEH . XMITCE IR “58” AMUAEBEFHIE LiFePOy fb
AT A i 7 U NS EN= -9 NP 7 1% L A I NN
MR s T s R B I R4 AR AR E FL 3 22, IR
BRI ILE 2 iiE . BRI RE YRR GE
LiFePO, [ b 22 ERE . B 3(e) (D) 7303 Ky e XA £ IX
f) EDS %, AEREATINE] LiFeqorAly POy fitkir A
FEBAT R AL fE7E, B AP R s A
LiFePO, fi kg, HaAmAER ¥4, s, HAib
LiFe; 3, ALPO, AT il (15 DX 537 45 RABFEAAH AL o
2.2.4 LiFe, 3,,AlL PO, ffIHfk 22 PERE

4 JIi7n K LiFei5,nALPO, K AEANFIE T 1)
IR . A 4 W%, y o4 0. 0.01. 0.02.
0.03 F1 0.05 FIFEANLE 0.1C 55 I B YO R L 2% =
3510 165.00 162.4. 157.7. 153.0 F1 145.8 mA-h/g.
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Fig. 4 Initial charge and discharge curves of LiFe;3,,Al, PO, at various C-rates: (a) 0.1C; (b) 0.5C; (c) 1C; (d) 2C
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TH0 LA B HURR A ) v g v A 3 T RS, RO K4
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FESAE 1C 53 FAEER 100 YA O L 75 500 b
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LiFePO, 7£ K LB IR TERE, H 445 AP R
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Fig. 5 Cycling performances of LiFe;3,,AlL PO, at C-rates of
1C(a) and 2C (b)
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