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Chemosynthesis and electrochemical properties of
LiAlLMn,_,O4 doped with liquid AI*
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Abstract: The spinel LiMn,O, was synthesized by manganese carbonate pyrolysis method and Al** was doped during the
MnCOs; synthesis process to get LiAl,Mn, O, (x=0.01, 0.02, 0.03, 0.05, 0.1). The samples were analyzed by X-ray
diffraction (XRD), scanning electron microscopy (SEM) and their electrochemical performance were tested at room
temperature and elevated temperature (55 °C). The results of MnCO; and LiMn,0O, have no apparent. With the increase of
the doping amounts of Al*, the particle sizes of LiAl,Mn,., O, become larger, and the first discharge capacity of LiMn,O,
decrease to some degree. But the LiAl,Mn,_,O, electrode exhibits superior cycling performance. Especially, at elevated
temperature (55 ‘C), the capacity retention increases from 72.2% for LiMn,Oy to 90.7% for LiAlgosMn; 9504 after 100

cycles at 1C.
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YELE 800 C N4k LiALMn, ,04(x=0.04, 0.2), 4 Co
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£ 70 CTFRAEBIKEN 1 mol/L K
Al sMn, SO, ¥ (n(Al)/n(Mn)Jy 0.005. 0.01. 0.015.
0.025 0.05)LL & 1.2 mol/L ] NHHCO; %59 LL— 7€ 1
DIVREE E N RN S gE AT SO, s I e s ) —
SEMFER AL A pH A, [V 3 h &, RVIRA TG
yE, £33 AP B4 MnCO;.

B JE 130 MnCO; Z8 3 EVEIR 5 78 5 X5
T 80 CRTE 12 h, LAREMMI/K. THIEM
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1.2 #RIBRAE

K HI A Rint—2000 74 X BHERATHACTRE B
YIAHA B(Cu K, 4@, HHEA 10 (°)/min, & HE
40 kV, EHLA 250 mA, VG 20 4 10°~80°);
FHHHE 82 (SEM, JEOL, JSM—5600LV)X}Hf b i 7
SRIEAT A3 AT s SR W B & A5 B A R R O
(ICP-AES, IRIS intrepid XSP, Thermo Electron
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W IEEED I Lo B IR i 9 & I (PVDF)
bl 8:1:1 JRA, MMNE A N-H L -2-nt s 4o i
(NMP), #FEERS], B @R T80, 8T 120 C
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F 55 (L, BN 14 mm). HLFEE( mol/L i
LiPF/DMC+EMC+EC( & # b hy  1:1:1)) Al [ fis
(Celgard 2300 PP/PE/PP){E 78 illi /I T- 46 Py 41 3¢
B 2025 AN, WS 12 h E AT
BTS—5 V/1 mA Ht AT 78 i i iliat, Ao
HL RV ol 3.30~4.35 Vs
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2.1 ICP &%#f

KH ICP A3 MR [A] AL 45 2% i 1 AR R A 1) AP
BT, Mn SR R A E . R 1 TS
4 LIALMn,_, O, Ff i ICP SEIE 73120, AR 1 ]
DI H: ICP T AP & B WM e w8,
TS B AR AP LA NSO RE

F 1 LiALMn, O # 0 ICP SEFRlE S 150
Table 1
LiAl,Mn,_,O, samples measured by ICP-AES

Designated and analyzed chemical formulas of

Designated chemical formula ~ Analyzed chemical formula

LiMIl204 LiMIl204

LiAlp1Mn; 9904 LiAlp g0sMn 99204
LiAlj oMn, 9504 LiAlj oMn, 9304
LiAlp3Mn; 9704 LiAlg 027Mn 97304
LiAlgsMnj 9504 LiAlp 049:Mn; 950804

LiAly ;Mn, 4O, LiAlg ;0oMn; go304
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Fig. 1 XRD patterns of prepared MnCO; composites with
different Al contents: (a) Pure MnCOs; (b) n(Al)/n(MnCO3) =
0.005; (¢) n(Al)Yn(MnCO;)=0.01; (d) n(Al)/n(MnCO;)=0.015;
(e) n(Al)/n(MnCO;)=0.025; (f) n(Al)/n(MnCO5)=0.05
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Fig. 2 XRD patterns of pure LiMn,Oy(a), LiAlg g Mn; 9O4(b),

LiAlp oMn 9304(c), LiAlgosMn;9704(d), LiAlyosMn; 9504(d)
and LlAlO 1MH1_904(f)

ABEA LiMnyO, (F i 2, TR T A1/ 5 AT
PGB R B T AR A Y, BAS S
PG AR AT LiMnoOs AR, BJE T+ Fd3m 7310)
el

2.3 SEM %7

3 FTa AR AP B A AR IR A SEM 5. A
3T LAE Y, 4k LiMn,O, ki /s A 3405], Bk
FIARLE 500 nm 2oy, A, 45058 RAF, Pk
(GRS, REDGH, HAT REFRMA S bl
H AP BRI, LiALMn, (O, Pk AWK,
pn A () FEBRABORY , ORI THT HH I D R I S, 1K
HHEZ T APB N, A LiMn,O, [ 242 T —
58 R F MR A2

24 BN

4 Bz AR AP 5 A% i (0 6 B AR it A6 4
NEL0.1C £ 2 AT 70 5 HLAS B R RIS i 2k o A
4 T UE H, BT AR i 7e s i th 3 B A
AR BT A PN BB &, W RE & HUR 4y
A 41V F3.95V, fidE Al BAeEIE N, # )
OB L A BB A, KRB AR 125.1
mA-h/g, HIKFEALN 113.1, 110.9. 108.6. 105 i1 103.7
mA-hg. XFEFEHTBAM AP HENGRREE A% 5
P e S AR o, 92D T 9S4 A R M R
e, WA T L I T T Mn® —Mn* R,
T2 S 70 T HL I AR e ekl AT 5 PR B AR A
L b7 PR

5 R AR AP 5 24 5 (R R R AR E T 5 I
TELO0.1C. 0.2C F1 0.5C HATIHAL G AE 1C T I
Reldl. MEIRTLIEH, HE R, FES IEAE RER
H AP B AR IR S, RIS AR R
1C RGN 100 X5, 25 HITUR 1 107.7 mA-hg T F%
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LiALMn,_ O, AR T UK HL EE 2 A7 T B AG, (HAE R
PEBERE AP 5 2% B0 BN B2 . AR B AL A B
x=0.05 A1 0.1 B, 1C FEH 100 K5 w530
H95.9%- 95.6%, A T HKMIEE S, JEIHTE IR AR
ek 2 .

B AP SRR AR, RN
AR AT LiALMn, 04 T EL AP U2 AT,
ALO; 1 AI—0 #1145 5880 1573 kJ/mol, Lt Mn—O
B, AU R SR IR A R SR s T
H AP B 72424 0.535 A, LL M (0.65 AR/, AP
(IR M, S5 A7 1 s R Al e, fE—
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Fig. 3 SEM images of following doped LiMn,O, with different Al contents: (a) Pure LiMn,Oy4 (b) LiAlggMn;g9Oy4; (€)
LiAlp 0oMn; 9304; (d) LiAlg3Mn; 9704; (€) LiAlgosMn 9504; (f) LiAly1Mn; 9Oy
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Fig. 4  First charging/discharging curves of LiMn,Oy,
LiAlg01Mn; 9904, LiAlgaMny 9504, LiAlgo3sMny 9704, LiAlg es-
Mn; 9504 and LiAly ;Mn; ¢O4
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Fig. 5 Specific discharge capacity with cycle number at 1C

and room temperature for prepared samples
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SEREE EAI] Jahn-Teller 2202, Bk, DEBA

BT DAER A LiALMn,- Og AR R RERT 21— 52 2K
3

6 IR R[] AL 45 2% it (A R R A b 7 i,
(55 ‘C) FLL0.1C. 0.2C. 0.5C F8J8H 10 54 1C K
AR 100 KEIE. W 6 rTliEH, KBRT
LiMn, O, 7 N2 ik L H iR F R, IRERERE,
VR A A — e R LM PRAC, O & IR
114 mA-h/g £ 0.1C. 0.2C. 0.5C Z8/HL 10 K, %%
%3] 76.83 mAh/g, 1C FEH 100 U5 A HAHA 55.46
mA-hg, FERFFEA 72.2%. B AR E
e N PR R IR N AR LU RS R R, (HR B
AL, i AR AP B2, MR R R
AEIAPEREEWHE 5 B 2eRtikF] 0.05 1 0.1 B,
MEHOTEAYEREA THCRMEE R, 1 C FIEEF 100 Ik
7S AR R R A3 5 0 90.7%H11 91.5%; {H x=0.1 i, 1
RFTN AR Z, Rk, LiAlygsMn; 0504 [
REAHRTRLF o FAARMIIRIAE A W4 3.

1 LiMn,O, 7ER i IR B2 B 78 L ER I, Ak
(7 AAIHEAPE R ORI R R, X 222 I i i
f# LiPFq 23 A2 HF HE4L Mo (R4 S W : 2Min® —
Mn*+Mn*", A2 B, TFECT AR AR

R2 R ERESE
Table 2 Cycle performance data of all synthesized samples
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Fig. 6 Specific discharge capacity with cycle number at
elevated temperature (55 ‘C) of LiAl,Mn,_,0,: (a) LiMn,Oy; (b)
LiAlgo;Mn 99Oy; (€) LiAlg03Mn 9704; (d) LiAlgosMn 95Oq; (€)
LiAly ;Mn, 4O,

7, AR KRS, 1 AP 745251 LiMn,0,
i PERER S, FTRE/Z BT A0 Lk Mn—O

ST, BRI AP HE BIR A S5R4 ) TR RSB
BB T R eI AT SR RVE R, 0 T BT L A

Sample Initi.al dischargei 1 Initial discharge czill)acity at Initial discharge cagacity at  Capacity retention rate at
capacity/(mA-h-g ) 1C/(mA'h-g ) 1C/(mA-h-g ) 1C/%
LiMn,04 125.1 107.7 86.4 80.2
LiAly 01 Mn 9904 113.1 102.6 86.9 84.7
LiAly0oMn; 9504 110.9 98.7 84.3 85.4
LiAlyosMn; 9704 108.6 97.1 86.7 89.3
LiAlyosMn; 9504 105.0 97.0 93.0 95.9
LiAly ;Mn; 9Oy 103.7 96.7 92.5 95.6

F3 OREN RIS COIEFRERE B

Table 3 Cycle performance data of all synthesized samples at elevated temperature(55 ‘C)

Sample Initi.al dischargei 1 Initial discharge czill)acity at Initial discharge cagacity at  Capacity retention rate at
capacity/(mA-h-g ) 1C/(mA'h-g ) 1C/(mA-h-g ) 1C/%
LiMn,04 114.0 76.83 55.46 72.2
LiAly 01 Mn; 9904 105.9 86.66 68.53 79.1
LiAlyosMn; 9704 94.0 76.93 62.73 81.5
LiAly osMn; 9504 82.3 75.32 68.32 90.7
LiAly ;Mn; 9Oy 72.8 65.35 59.81 91.5
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1) I B Rk AR I 75 1. AL 45 2% IE AR A
F} LIALMn, ,O4(x=0.01, 0.02, 0.03, 0.05, 0.1).

2) Pra ) LiALMn, Oy IERRAT R A S H
ghH, R R AR W, HIEAAHAELE

3) B4 LiALMn, O, 55241 LiMn,O4 A
Lo, A iARORI SRR, Jf HAR A — e MR % .

4) BARJE AR R A B A3 2 T 1R KER
i W AAE R, LiMnO4 7E 1C RS 100 (K5 284
TREFZN 80.2%, B A M IENA KL LiIALMD, O,
1t x=0.05 I, 1C FAELRFFFRIER] 95.9%; il 511
T, 01C R THMHLILA RN 114 mAh/g, 1C
T 100 RTEIMR B ERFFRN 72.2%, BREN
LiAlMn,_,O, 7 x=0.05 I}, 1C N4 100 IG5 75 &
TREFRESE 2] 91.5%.
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