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High Energy Density Spinel LiCrq,Nig4sMn; 404 Cathode Material Prepared
by Spray Pyrolysis Method
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(College of Chemical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Cathode material of LiCr,,Ni;4Mn, 4O, with high energy density and superior electrochemical properties
was fabricated by means of spray pyrolysis. The material was characterized via thermogravimetric analysis (TG),
X-ray diffraction (XRD), scanning electron microscope (SEM), cyclic voltammetry (CV) and electrochemical imped-
ance spectroscopy (EIS) in detail, and within the tolerance of current available electrolyte the discrepancy of different
cut-off voltages (3.6-5.0 V, 3.6-5.2 V) was investigated. The results demonstrate that the obtained material is crystal-
lized well without any formation of impurities, and a relative uniform particle size distribution is within micron and
sub-micron. In the voltage window of 3.6-5.2 V, the initial discharge capacity can reach as high as 142.9 mAh/g at
0.5C, and its values of energy densitiy at 0.5C and 1C surpass 600 Wh/kg. If the cut-off voltage is set at 5.2 V, the de-
gree of discharge and low-rate capacity are increased, while its high-rate capacity, cycling stability and working volt-
age platform are deteriorated seriously.
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Fig. 1 TG-DTG-DTA curve of as-prepared percursor
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Fig. 2 XRD patterns of precursor sample (a), sintered sample (b) and the comparative sample of non-doped of Cr (c)
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Fig. 3 Different magnification SEM images of calcined sample (a-c) and corresponding particle size histogram (d)



920

T AL M OB AR

29 3

5], HEARA /NS A BRI A 2Nk, T4l
RIS, XA FT Li (PG AR, R0k i%
MRS B A 5 1w fi el Ak 2= Pk g . 18] 3(d)RLSE
SrAT G R IR, IR A BURE IRRLAS 2 A B AR
RUNES DA Dso h 1.262 um, AR HkRL, H.
T TR ORI A% R DA b L 3 T 5 P R T A f
(LR =g ol o R P R T DA TSR R
N5 0 R 4 THT 5 P AR I 0 i e 7 21

Kl d(a~d) 7R T IERE IR J7 VR SRS 1 IE R A R
FEAN I 78 AL FEL R R (3.6~5.0 V, 3.6~5.2 V, N A)
(P2 PR RE . M 4(a) T LB 2, 45 78 AL L
52V, ICHEHREE N 70 mA/g I, ERE & 2~5
W2 E/E 140 mAh/g DL L, CACHEIEH S
(146.7 mAWg), B7r T AN B E. iUk
M 5.0 VI, A SIS, (B9 135 mAh/g
Kifie ZAE 1C IR 30 KRGk BIAH R £ fE, i
AR L PR o T S el e B o o P L 9 2 T ) 4
I, s R P AR N RN R, A 3CZ
JaIte 5.0 V IS, & 40) iR I HIR A 1C
& 10C, 5.0 VI 100 (XTEH A ERFF R 5.2V
1 (1C: 94.4%, 89.6%:; 10C: 87.7%; 75.7%) . Bl # Ji¥

140 a1

Discharge capacity/(mAh . g™
(=)
=

0 20 40 60 80 100 120 140
Cycle number

~48 3.6-5.0V

=40

200 10 5C 3C 1C 0.5C
B —

200 100 5¢° 3C 10 0.5C

IR N S S T M S B P L.
0 20 40 60 80 100 120 140
Discharge capacity / (mAh . g")

~ g00 [
& 700

(Wh
LY )
S S
S S

2 400

z 300

HLUR 2 L3N, #Ibm o 5.2 V1 b E R
G NIy E, N7t Sus NI 4(c)). K
RN 10C B 5.0 VI st TAF s P S 44
455V Iiti, HES2VINE F¥R 44V A, —
AR AR TR B AT Bt A 8 RO T ) o 4
I AR AR5 T L R DL R LiE R 1 R
T B A RN (R i AR B AE Cr i3
B0 T S BH B R HERR B, R HE T %A R
Li" BT # AL 2P, Hok, Kl 4(c)ik Bor T 1%
IEAA R 10 TAE R ik . BT Ni Al Mn [1)7R
fE, 78 4.6 V BHEHECHRT4G F 8 H NiT/NS R
NI /NITHUGHR AL, SXRT P4332 R T R B A —
4.66 V FENT SNIM)AF, BRI, Fd-3m
R BB 7R 4.0 VL, 2 MMt TS #
IEH RN 5.2 VI, %Pt s S IR 5.0 v
B IRER, BB IR AR 2 58 IR 1) Mn TG
FE 5.0V IHZ A4 SCRIE, & 21 Mn 2 5%
A 5 5 A o AR A i M 2Min® > Min* + Min*,
fiif3 Mn J0E 5 28 KA R, G AR R AN
R 5, AR AR 2 M 5 5]
AN Jahn-Teller M (dg HL T IR B,

130

= 90

(=]
=

40 60 80 100
Cycle number
| 0.1

=
|
S

900

[T
[

/i
I
i

Energy density /

&,

—O— 3.6-5.0 V
—0—36-52 W

10000

200

1000
Power density / (W - kg™")

4 MEHEARHEXIAGB.6~5.0V 5 3.6~52V, FR)HEMIFEZELER ), 1C K& 10C T 38 PRFTEE D) BOEAE ()
MREH-D) A L& (d)
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Fig. 5 Cyclic voltammetry (CV) curves of two batteries
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