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Synthesis and Electrochemical Properties of Polyanion Doped LiMnO,_X,
(X=BF,, SiO;", MoO,, PO, BO;*) Materials
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Abstract: Hydrothermal methods were used to prepare the polyanion-doping LiMnO,_ X, (X=BF,", SiO;*, MoO,”,
PO,*", BOs*) as cathode materials for lithium-ion batteries. The samples were characterized by X-ray diffraction
(XRD), X-ray photoelectron spectra (XPS), scanning electron microscope (SEM) and their electrochemical
performances were investigated including cycling behavior (CV) and constant current charge-discharge
experiment. The results indicate that the low concent ration polyanion dopant does not affect the crystal type of
orthorhombic LiMnO, but considerable improves its electrochemical performances. Electrochemical impedance
spectroscopy  (EIS) analysis shows that the charge-tranfer resitance and the Warburg impendance decrease
obviously as compared to that the undoped LiMnO, samples, however, The large polyanion doping can enhances

fast mobility of Li* ions.
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Table 1 Chemical composition of the as-prepared materials

Chemical composition®

Real composition”

LiMnO,
LiMnO, so(BF oo
LiMnO, ss(MoO.oor
LiMnO, 5o(SiOs)o0
LiMnO, ss(BOs)oon
oot

Lil.MnO,
LigosMnO; oss(BFs)oor2
LiMnO 5(MoO.)oon

Li; o:MnO; 901(SiO03)o000
LigeMnO 1.989(]303)0.01 1

LiMnO; «(POy) LiMnO; 6s5(PO4)oor2
LiMﬂO 97(P 04)00@ Li; mMﬂOl.qn(P 04)0.029
LiMﬂOm(P 04)00< Li, OZMnOI.‘MS(P 04)0.052
* design formula; * by ICP-AES method.
(A) a: 0-LiMnO, c: Li, ,MnO, ;. (PO,), 10 B) a: Li;  MnO, d: Li, ( MnO, ,,(Si0,), o0
b: LIMﬂolm(Panm d: Li, ,MnO, 3,y (PO ), 5, b: LijoMnO, gy (BF, )1, € LigogMnO, 44(BO,,
c: LiMnO, m(MoO‘)”” f: LiMnO, gm,(I’O‘,)Om2
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Fig.1  XRD patterns of the as-prepared materials
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Table 2 Lattice parameters of the as-prepared samples after Rietveld refinement

Sample a/ nm b/ nm ¢/ nm Cell volume / nm’
Li;MnO, 0.457 1 0.574 0 0.280 1 0.073 49
LigosMnO 05s(BF4)o012 0.457 3 0.574 1 0.280 1 0.073 54
LiMnO g5(M0O4)oo11 0.458 1 0.574 3 0.280 3 0.073 74
Li;o:MnO901(S103)0.000 0.457 3 0.574 1 0.280 3 0.073 59
LinoeMnO;055(BO3)oons 0.457 4 0.574 2 0.280 3 0.073 62
LiMnO 6s5(POy4)o012 0.457 5 0.574 1 0.280 3 0.073 62
Li;aMnO; 971(PO4)oons 0.458 7 0.574 3 0.280 4 0.073 87
Li;0oMnO 045(POs)oos2 0.459 4 0.574 4 0.280 5 0.074 01

%ﬁaﬂﬁf° , B3 5 bR #E XRD B (PDF No.88- T BF,(0.232 nm) M00,>(0.313 nm) .Si05>(0.237 nm) ,
0345) 4@ﬂ%@%&%%@%ﬁ%ﬁﬂﬁﬁ BO;**(0.271 nm) Fl PO/7(0.278 nm) 1 B FF 42 ¥ K
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Fig.2 SEM images of the as-prepared samples
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Table 3 First discharge capacity of different doped materials

Sample Capacity / (mAh-g™) Sample Capacity / (mAh-g™)
Li;;MnO, 80.1 LigoeMnO 65(BO3)o011 121.2
Lio.esMnowss(BF:x)o.on 190.5 LiMH01.9ss(P04)o.01z 1194
LiMnO, g5(M0O4)o011 174.6 Li; oMnO; 671(PO4)o 0 110.7
Li; MnO 901(Si03)0009 102.3 Li; oMnO 05(PO4) o052 101.8
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Fig.3 Cycle performance of the as-prepared samples at various discharge current densities with a charge current of

50 mA-g™! for all cycles in the potential range between 4.3 and 2 V (vs Li7/Li)
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Fig.4 Charge-discharge curves of the as-prepared samples in the 1st (a) and 60th (b) cycles
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Fig.5 CV curve of the as-prepared samples at a scan rate of 0.1 mV-s™ in the voltage range of 2.0~4.3 V
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Fig.6 Impedance spectra of the as-prepared samples
after 10 cycles
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Table 4 Fitting results of EIS data for as-prepared samples
Sample R.1Q R./Q CPE / nF W 1Q
Li;:MnO, 12.29 51.92 1.68 131.16
LigosMnO gss(BFoora 13.35 72.46 1.56 44.98
LiMnO,959(MoO4)oon 12.96 63.91 1.48 40.73
Li;iMnO 901(SiO3)o00 14.46 83.34 1.14 46.12
LigeMnO6so(BO3)oons 13.76 75.49 1.48 53.25
LiMnO 6s5(PO4)oor2 13.44 76.64 1.56 47.69

R.: Resistance of charge-transfer; CPE: Common phase element; W: Warburg impedance.
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Fig.7 XPS spectra of the as-prepared materials
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Table 5 Chemical and surface composition of as-prepared materials

Chemical composition®

Surface composition”

Li o MnO,

LioosMnO sss(BF oo
LiMnO; 56(MoOs)oons

Li; 0 MnO 901(SiO3)o000
LiooeMnO se(BO3)oons
LiMnO,965(POs)aor

LiMnO,

LiiMnO 1 os:(BF)oons
Li; oMnO.06(M0Os)oor
LiyoMnO 6ss(SiO3)012
Li1MnO,.001(BO3)oow
LiysMnO,55s(PO )14

* by ICP-AES method; ” by XPS method.
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