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Abstract: The enhanced electrochemical performance of the lithium-rich solid solution Li; »[ Co, 15 Nig. 13
Mn, s, ]O, (LMNCO) cathode was enhanced by phosphorus incorporation. The various phosphorus
contents were introduced by adding NH, H, PO, into the raw materials. The pristine sample and the
sulfur incorporated samples were characterized by X-ray diffraction ( XRD), high resolution
transmission electron microscopy ( HRTEM ), electrochemical impedance spectroscopy ( EIS).
Electrochemical performance was assessed by measuring parameters such as charge and discharge
capacity, rate capability in lithium ion cells. The results show that the LMNCOP-03 material has the
best initial discharge capacity of 280 mAh « g~ '. Moreover, it has about 212. 2 mAh + g ' and
170.6 mAh+ g ' at 1. 0 C and 3. 0 C rate, respectively. The LMNCOP-03 material shows an
improved rate performance attributed to the enhanced electrical conductivity and lithium ion diffusion,
which is proved by EIS tests.
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(a) LMNCOP-00; (b) LMNCOP-01; (¢) LMNCOP-03; (d) LMNCOP-05 ; () LMNCOP-07; (£) LMNCOP-09; (1)20 K;(2)50 K

Fig. 1 SEM images of LMNCO material and LMNCO material with different proportions of phosphorus
(2) LMNCOP-00; (b) LMNCOP-01; (¢) LMNCOP-03; (d) LMNCOP-05; () LMNCOP-07 ; () LMNCOP-09; (1)20 K;(2)50 K
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Table 1 Particle size statistics of LMNCOP material JE M B XRD B & A —3, N o-NaFeO, 4544, &

Particle average Particle average Average §§ I‘E_IJ gﬂﬁ ﬁf] Rgm E"J /4‘\‘7‘5‘% }Ijt%*/lg s U\E Eyg %%@iﬁ %;: E{(J

Sample value of 50 K field  value of 20 K field oy - o o

’ . e vilue/um BRI BAT W BB E . (HRAE 20~ 20° ~ 30° b

Ol view, ;,Lm Ol view, ;,Lm

LMNCOP-00 0. 20 0.21 0.20 VBT GO 0 2% 0 L BE 5 O B A, 2% 06 1) i
LMNCOP-01 0. 16 0. 15 0.16 R . B FAE XPS U A 2 B DL PO B
LMNCOP-03 0. 15 0.15 0.15 KAE T R P B L6 bR E PDE R JF (JCPDSS3
LMNCOP-05 0.17 0.18 0.17 AT ’ m. . ‘
LMNCOP-07 0. 19 0. 20 0. 20 2092) 4R e A B Lis Ni, Co, Mn i B B2 #h i
LMNCOP-09 0. 21 0.24 0.23 7T 17T ——XFRi o & BLLL PO, 1) = 5 16 5 H B0 (1) 2% 04
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Fig. 2 XRD patterns of LMNCO material and LMNCOP material with different proportions of phosphorus
(a) LMNCOP-00 and LMNCOP-09; (b)all the LMNCOP samples
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Fig. 3 TEM images of LMNCOP-03 material
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4 LMNCOP-03 #4 % oy 5117 5§ 6l #1 HRTEM () BT RS s (b) Bl s () HRTEM(500 KD ; (d) HRTEM(250 K)
Fig. 4 Electron diffraction (SAED) patterns and HRTEM images of LMNCOP-03 sample
(a)SAED pattern; (b) bright field view; (¢) HRTEM(500 K) ; (d) HRTEM(250 K)
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Fig.5 HRTEM image and EDS spectra of the LMNCOP-03 material

(a)HRTEM(250 K) ; (b)EDS spectra of the first region of precipitation (corresponding to 1 in fig. 5(a));

(c)EDS spectra of the second region of precipitation (corresponding to 2 in fig. 5(a))
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Table 2 EDS of P and O in the LMNCOP-03 material

Atom fraction of

Atom fraction of
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Table 3 Initial charge-discharge capacity and initial
coulombic efficiency of LMNCO material and LCNMOP

material with different proportions of phosphorus

Element
the first region/ % the second region/ %
O 69. 45 68. 34
P 30. 55 31. 66
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Fig. 6 Schematic diagram of LMNCOP-03 material
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Fig. 8 Rate performance for the LMNCO material and LMNCOP

material with different proportions of phosphorus
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LMNCOP-00 337.5 260.5 77.2

LMNCOP-01 313.8 262.7 83.7
LMNCOP-03  329.2 280.0 85.0
LMNCOP-05 326.7 270.7 82.8
LMNCOP-07  311.0 261.2 84.0
LMNCOP-09  295.0 245.6 83.3
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Fig. 9 Electrochemical impedance spectra (EIS) (a) of LMNCO
and LMNCOP material with different proportions of phosphorus

and the corresponding equivalent circuit(h)

Fz 4 LCNMO #1 ##15| X\ AR [E) L 518 H) LCNMOP
TR EHBEEENENSH
Table 4 Parameters obtained from the equivalent circuit
diagram of LCNMO material and LCNMOP material with

different proportions of phosphorus

Sample R./Q Ri/Q R./Q Zy

LMNCOP-00 3. 87 33. 84 151. 8 0.0043
LMNCOP-01 4.29 57.55 123.9 0.0042
LMNCOP-03 2.67 41,17 25.20 0.0032
LMNCOP-05 2.88 102.5 149. 95 0.0053
LMNCOP-07 9.22 127.8 246. 76 0. 0026
LMNCOP-09 9.98 46. 88 375.8 0.0028

(2) I B 5 B BHE s B Ak 27 P BE A B 2 1
. U H 2 LMNCOP-03 # BF 5 R i b 4 &
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223.7,212.2 mAh + g ' fi1 170. 6 mAh « g ' iZ M K W
L S A R RE
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L A% s HL R Reoo Dt DX AT 2 4 RE 2% T8 AT 1 1 5 —
H Lis PO, 2 S 22 42 1% o i (% 330 W E 5 LiT i L1
SR B S A AT RE 2 B e B AORE R 1) 4G LA B AR
sCE LT A HEA 3 BOM R AL PR T R .
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