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Abstract

In this test, LiMn;04 was synthesized by secondary sintering using a high temperature solid phase
method. Under the unchanged condition of sintering time and sintering temperature, the effects of
different Al doping amount on the properties of LiMn;0, materials were investigated by testing
the tap density (TD), particle size distribution, pH value and electrochemical performance. Expe-
rimental studies have shown that when the Al doping amount is 0.8%, the secondary sintering
temperature is 700°C, and the sintering time is 10 h, the performance of LiMn,0, is optimal. At this
time, the particle size D5 is 15.50 pm; the tap density is 2.03 g/cm3, and the initial capacity of the
battery material is 116.46 mAh/g under the conditions of 3.0 to 4.4 V and 0.2 C rate. 50 cycles ca-
pacity retention is 96.13%. The experimental results of this thesis have certain reference signi-
ficance for the modification of LiMn;0. materials.
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Figure 1. Schematic diagram of LiMn,O, structure
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Figure 2. Process flow chart of high temperature solid phase method
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Table 1. Electrolytic MnO,
1 BBM_SEHE

Mn (%) Al (ppm) Ca (ppm) Cr (ppm) Cu (ppm) Fe (ppm) K (ppm) Mg (ppm) Ni (ppm) Pb (ppm) Na (ppm) S (ppm) Dso (um)
59.33 889 19780 2956 044 5592 5975 32460 1119 3268 41300 5398 15563

Table 2. The battery level Li,CO3
= 2. BB EREREE

Li(%) AL (ppm) Ca(ppm) Cu(ppm) Fe(ppm) K(ppm) Mg (ppm) Mn (ppm) Na(ppm) Pb (ppm)  Dso (um)
18.70 3.46 37.09 0.01 7.53 21.62 39.88 95.23 42.36 0.97 8.890
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Table 3. Physical and chemical properties test results
7= 3. MRS R R

HLEE (m) Mn AL Ti
G5 TDglem?® pH &

Do Dso Do Doo.00 D Dgo-D1o % ppm ppm
2M-A-0 2.06 7.80 2.772 15.770 27.928 66.782 16.086 25.156 59.29 2.208 —
2M-A-1 2.04 7.64 3.121 15.725 25.919 51.048 15.618 22.798 58.38 802.6 387.7
2M-A-2 2.02 7.60 3.231 15.425 25.730 51.015 15.385 22.499 57.94 947 371.2
2M-A-3 2.00 7.67 3.126 16.047 27.189 58.175 14.837 24.063 57.68 1057 389.1
2M-A-4 1.96 7.66 3.097 14.498 24.488 44,716 14.460 21.391 57.33 1350 377.6

2 3 EE R, MR N A DR R RS IR E AL T 700°C, 10 h egs i )5 45 FRAE A BT B
R, AR, BEESNN 0%, 0.5%. 0.8%. 1.0%. 1.5%I, XFiZk4 kKR SZ%5 5 (TD)-.

D BE 52041+ Mn & BRI 73 73] ILIA] 3~14] 5.
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Figure 3. Effect of Al coating on tap density
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Figure 4. Effect of Al coating on the distribution of D,, particles
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Figure 5. Effect of Al coating on Mn content
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3.2. EBMERERI 4T

WA 4 G R, TERISEREAM T, AFK ALGEEX 0.2 CHIRBAEEARMARRIERME 6

A7 B
HI 6 AT LA Y 0.2 C AR BEE WA BRI RME/N, H A OEE/NT 1.0%H, 0.2 CHlHAE
52K T 115.0 mAh/g,  FE A 2 A R A B K .
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Table 4. Electrical performance test analysis results

4. BRI SIS RE

R RS 0.2 C B i . (MAh/g) 50 {1 (mAh/g) 25 RFE2 (%)
2M-A-0 117.06 108.35 92.55
2M-A-1 116.86 110.03 94.16
2M-A-2 116.58 111.85 95.94
2M-A-3 115.50 111.20 96.28
2M-A-4 113.96 109.10 95.74

AIELFE BXT0.2CH B IR

118.00
117.00 §

# 116.00

&

Q

2 115.00

114.00

113.00
0.0 0.4 0.8 1.2 1.6
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Figure 6. Effect of Al coating on 0.2 C capacity change
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Figure 7. Effect of Al coating on capacity retention after 50
charge discharges

E 7. Al BB EX TR 50 RERERIFRIFN

1P 7 F] UE AR HE R A B AE R R N 5 TR )= B A (07 FUBCR 50 IS, I HAFAE JE PR
AT, {H 7 B PR B AR AE TR ALTRECE 1.0 7E 544K L TH RO 5  AE% I 1] , B K PR BH 2452 96.28%,
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B, 24 Al B EAN 1.0%F, FEREREHBEIBATEHMBAE 50 MEHZ ERoiEr. 2 Al s
i 1.0%H), 7R 4R A T b 7S AT 50 NMIEER S R IRAD . BRI, FE B AR R A (1 FR M
T, BRI, HEAIREEN 1.0%.

3.3. REEREZS T

ARG 32 AR AT AR I TS S EOT R IR AR AL ME RE R B R RE ISR s KRR TE AR IR AR
) DI I S8 A B . MR S IR AR S I (8] — & I AL B R SRBREEA R I M A R IR 2 B T 2
SRR, MEPERREL . W TS @R R AR P B BE RN F M RE RS AN 23 A 25
B, BHBWF4ER:

1. MEEREEE . b — @, 68 ARG TR AR 1 IR S 2% il 5 .78 & 1) 34 K T
N, ARJNIRBEAR N, MEEER/DNT 1.0%. REFETIRT 2.00 FHitt, JaEE RN T 1.0%. &
S FERT AR

2. MEERGERE. et a e, AR N EREM R D, kTR E S =
IR TR/, R EE AT, 1M 0.8% Al 78 8 Dy i 740 A B A B/

3. MOERAIRE . BRI — e i, A RS AR R AR Mn 5 5Bl 2 6 7 i 13 KT
/N, {EL7E B 0.8%~1.0% 2 (A1) Al W R R EEA KL Mn & B4R E /N .

4, MEFERERE. Beghntn— e, GOSN ENEREME 0.2 C REMECEEIIE K
Mg, HZ2 0.2 CEEME Al RN 0.6%~0.8%N FEBME/N, HEEEN/NT 1.0%. 02 CHE
KT 115.0 mAh/g, HEAC 15 41 FEh ) 75 B K

5. MAERAGIRE . Bedint i —En, FAERIRE N SRR R i, X 50 WORHLE, R
BYEFRRIIINE — SRZ BN, RERE. FEERFRZ 1.0%Y Al R 2 1.0%. &35 KK
96.28%.

ZE LA EJLA, BB AR S R AR BREA R R S5 IR EE N 700°C, KRSy 10 /N, B &N
0.8%I 261 F & A 3 T B i 2R S M RE ST, DRA R 0.2 C &1 U H A 115.50 mAh/g, 50
VB 45 oK JG 25 B9 111.20, A EARFR% A 96.28%.

R LRRIG A4 R, KA Al B 8N 0.8% ERE45 IR E N 700°C, Ledbmt oy 10 /N 25 £ it
174 A R IR AT BIE
4. ZEXE
4.1. LWEBESER

DUER A FE i (LMO) EM-QLM20180717-760 Ak, 4% AI/LMO = 0.8%[FIHC EL AN S 08 HE P2 I 85 &
o 52.92% 1R (LL ALE), Ti/LMO = 0.3% IR FE I RE S = 1) AR, BT RCENE &
ZURA G 200 HifE 2 FEENR G5, FlGB 2R G FRME S g A F2 I8 700°C R4S 10 /MY,
AT 200 Hfif3 25 RE A B QMH-0.8%, FE iy 2M-A-5.

4.2. peiRE. BN RS

ERERALAE i 2M-A-5 ISR S 15 ol 2.03 g/em®, R 15.50 um, HLPEREAR I HEBE(SEM) 4SS a0 T -

1l 8~ 10 I LA H B 0.8% Al FL 7 AR ER#EA R 0.2 C B IR L5 &4 116.46 mAh/g, 50 X
TEIRGE R 5 25 800 111.95 (mAh/g), HAERFFR N 96.13% MK T 2 5T T A RIS FE i I A B R FFR B A,
B E AR .
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Figure 8. Battery capacity charge and discharge curve
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Figure 9. LiMn,0O, XRD diffraction pattern
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Figure 10. LiMn,0O, normal temperature cycle performance curve
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Figure 11. Not covered (magnification 3000 times)
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