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ABSTRACT

Manganese oxide and lithium manganese oxide, as cathode materials, were
extensively investigated due to their low cost, safe and environmental friendly issues.
MnO, processes various polymorphous structures, such as a, 3, 5, A-MnO,. Among
them, 6-MnO; is the mainly commercial cathode material. However, the discharge
capacity and rate capability are expected to be improved further. Lithium manganese
oxide also has various structures, such as layered orthohombic LiMnO, (0-LiMnO,),
spinel LiMn,0O4 and rocksalt Li,MnOs; they exhibit significant difference in
charge/discharge curves, plateau potentials, and electrochemical capacities, etc.
therefore, we devote our effort in this study into researching and developing novel
(lithium) manganese oxides and their synthesis technologies.

Nanosized LiMnO;-Li;MnO3; compounds were firstly synthesized by
hydrothermal method. The contents of Li;MnO3 and LiMnO, in these compounds
vary with the employed molar ratio of starting materials (i.e., (NH4),S,08/MnSQOy).
The effects of the reaction time and temperature on the hydrothermal products were
investigated. The hydrothermally prepared LiMnO;-Li,MnO3; compounds have
higher electrochemical activities compared to those obtained from conventional
solid-state reaction at high temperature; e.g., during the initial discharging process at
20 mA g, 0-LiMnO, and Li,MnO; delivered 184 and 247 mAh g, respectively.
Meanwhile, such nanosized compounds exhibited good rate capabilities; e.g., at a
current density of 200 mA g™, sample LMO-4 delivered a capacity of 208 mAh g™,
84% of that obtained at 20 mA g”'. Comparison of electrochemical performances
among the four nanosized compounds obtained from our hydrothermal conditions
indicates that the Li,MnO; has the higher discharge capacity while the 0-LiMnO,
shows the better cycleability.

Nanosized LiNipsMn;sOs, a 5 V cathode material, was synthesized by
hydrothermal method. The effects of LiOH concentration, reaction temperature, and
reaction time were investigated in detail. The results show the hydrothermal products
were significantly affected by Li concentration. At low LiOH concentration (e.g., 0.1

I



M), the obtained sample is mainly composed of a-MnQO, and MnOOH, while at high
concentration of LiOH (e.g., 1.0 M), the product consists of Li,MnOs. At the
appropriate concentration of LiOH (e.g., 0.3 M in our case), we obtained the 5 V
spinel material. Such a spinel delivered ca. 73 and 100 mAh g for the current
densities of 28 and 2800 mA g, respectively; in other words, the nanosized
LiNigsMn; 504 can exhibit 73% capacity at a C-rate of 28. Meanwhile, the discharge
polarization increased slowly with increase of discharge current densities, which
indicated excellent rate capability of the hydrothermally synthesized LiNipsMn; 504.

A nanosized, hollow B-MnO, with high crystallinity was hydrothermally
synthesized. A conventional B-MnO, with high crystallinity usually processes low
activity in electrochemistry. However, our hollow [-MnO, exhibits high
electrochemical activity. For example, at a current density of 10 mA g, the hollow
B-MnO; delivered a capacity of ca. 251 mA g, and ca. 130 mAh g at 200 mA g™
In addition, the 3-MnO, displays good cyclic performance.

Layered Li-birnessite was prepared by means of oxidizing Mn®" with O, gas in
alkaline media. Such a Li-birnessite consists of well-crystallized spherical particles
with an interlayer distance of 0.70 nm. The Li-birnessite delivered a high discharge
capacity of 203 mAh g at a rate of 0.2 C (40 mA g), and had good rate capability

as well.

Keywords: MnQO,, Li,MnQOs, spinel, hydrothermal, lithium battery, electrochemical
performance
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H—2 KHEHE LiMnO,;-Li;MnO;
WEY) N Bk 2z M Be

1.1 31§

VLB 1 b E AR R, BRI A AR RS R SR R B S b
SR, TR R . BRRRAE E A 2R AR, B b AT A A R
(0-LiMn0O,), HFHHE R (m-LiMnO,) Moz sh MR IR LioMnO; 5. JLrf,
0-LiMnO, N H FEHIA 451, LiOs M MnOg 7EZ5H A8 B 1)), 0-LiMnO,
(R0 25 e B AR s DDA G B0, S, R RN A R R A R
0-LiMnO, HIUA AL 2% A, U 7 B i R 78 LA PRl D AR, 2
FHEEES, BRI T VAR 0-LiMnO, Ty A 40 i () dh 2 5 12,

A LioMnOs g5y, B A8 L, BAEGRE A 1/3 AR 1
BRI, FEIXRP SR, B4 I, B AN BE B 7S L B A A TR
BAWEE M, Fi52 |, Robertson A1 Bruce ¥ 4R3E—Ff d1 [E 404 B Li;MnOs
U2 3 mAh g s R R, AHRIE R AR AETE A LioMnOs, Ak
7 70 R LR 8 e R A B R I AR R AR SR ORI, S 1)
A L0 1AL Li;MnOs 3 LA AN 171, k4 Robertson #1 Bruce 42
T 5 PO ISR, AEIXAHLEE R, LipMnOs H) LiT R Fac#e, I
HH T IR AR DS AL B FRLAR R LiPFe (R0 L SR BRI SR IR45) IR et™

20]

#HH LiMO, (M = Mn, Co, Ni, Cr, etc.) JEE A4H, Bl LiMnO;-LiMO,. fEIXK
SAHRAM BT LipMnO; T 884 B 565 5 AMA LiMnO, MfRH A S 17
2L AN, LipMnOs; 54305047 LiMnyO, AR, FEixsbiiiE e, 1
PSR AE fei i R FH AR i R0 2250 e 4 e I — e i 2% 27 Bk b 2531
AT IR 2] (02, EEERAKIGEHI % LioMnOs BT R} i A 3R
. Tabuchi ZP% SR HKHGEIRAT —Fh AT Ok ik 2 S5 be 4513 Fe HUARTHY
Li,MnO;, HATIKA CRIK#G=4) HA a-NaFeO, 458 (R3m)ifiE Li;MnOs
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o, N ERK T LioMnOs &AM B 5 R A LiMn,Oy M m-
LiMnO, SR A AR 17 1 20 (0 SR EEd nl i1, A FF 08 8 AR A el 5 A o
TR R BT AN & A AR R . RIE,  AEE 28 TR FH KL A R
LioMnO; & LiMnO,-LipMnOs; E-&44 K, JFRUHIL A7V fe .

1.2 KWHERMNBZRE

¥ 3.27 g LIOH'H,O %1 30 mL £E 7K, RIFERMIMALA 20 mL
MnSOy4 (0.01 mol) H1 (NH4),S,0s W 1 2R VU 38 L0 N A /K . 28 30min
e D101 5 F /KRGS B B IE I Can e e BT, F87E 180°C R IN#A 48 h).
IKIGEIUH JE BARV AR . WA T DRI IE, JF T 120°C T+
24 ho FR4E(NH),2S,0s F1 MnSO4 LA 0.5:1,0.75:1,0.9:1 f& 1:1, 3RAFH
FEH14 e ) LMO-1, LMO-2, LMO-3 fil LMO-4 G M ff)(NHy),S,05 F 54331l
y1.14,1.71,2.05 F1 2.28 g,

AR x BHEATSH (XRD) 925K Hl Philips 23 7 ] PANalytical X Pert 751
GrHr, AEHAHITHE Ko #1428, KRZHEGFMRHIEE B ACRSE (0.0167%/step, 15
s/step) » T 2 RS IEA 0 (0.008%/step, 25 s/step) HBERF I o AE 5 TSN
ZAE LEO1530 B 1 WM BE(SEM) _EadbAT. Wl 48 S i it 20 25 ) 2%
SCERBY. O, B HIEA RS 10 wt %S HF] (ZHE) J 10 wt % R4k
(poly(vinylidene fluoride))itd & - 3KEE . K543 2 KRS WIRIERTE LIF T 120°C
TEATEE 2h , KSR EIER T BRI EMR T TR (S
K 5 ( Celgard 2400) M Hf#E#W (7 1 M LiPFs [¥] EC/DMC(ethylene
carbonate/dimethyl carbonate (1:1 v/v) ). HLill3A KA Arbin BT-2043 Bl
RYETE 30°C FLL20 203 200 mA g IR E T 7S i (R X TA]: 4.8
—2.0V),



1.3 FREITIE
1.3.1 LiMnO,-Li,MnO; #1EHKH] &

Ml &tk = Y LiMnO, 1 LipMnO; 79 ) 75 2 0.5:1 F1 1:1 11
(NH4)2S:08/MnSOy4, H AR K H1 77 ¢ :

2MnSO, + (NH,),S,0, +8LiOH — 2LiMnO, + (NH, ),SO0, +3Li,S0, +4H,0 (1)
MnSO, + (NH,),S,0, + 6LiOH — Li,MnO, + (NH,),SO, + 2Li,SO, +3H,0 (2)

M (NH4)2S,0s/MnSO4 = 0.5:1 B, RIS 4) (LMO-1) @&l 1 foR, A&
LA o-LiMnO, K FEA, JEATHESH Mn;Os, LiMn,Os M LioMnO; 252 AHINE &
Pyo  AZHREED AR KR P] R S =N B RORNAT G . AR EREL,
Komaba %584 FIH Mn3O4 i fb S N AE K ISAE R4 T 0-LiMnO, , b AT THI%R
BT Mn 5 H R E BEA5 T (09 LiOH e BERg kg int™). ik, #% LioH
WA e B TR o-LiMnO, 4lidfl , (HIX JFARABI I BT TE, BRI
BEATHEGE . BEAT (NH4)2820s HIF I, MnsO4 BMTHD, LiaMnOs 75 Y
I, 3743 0-LiMnO,-LioMnOs B G AHFEL, 4140, 25(NH4)2S,0s/MnSO, = 0.75:1
A 0.9:1 B 4349 2] LMO-2 f1 LMO-3, JiH Li;MnOs AHLE 35 R &4 5l A
67 % and 90% (P EHED (MK 1). 24 (NH4)2S:0s/MnSOs=1 I}, 15
FF=4)JLT-4 LioMnO; il (B 1d), Hrp XRD i F#E~20.8 fil 21.7° &
Li;MnO;3 SR H FE S I B, 2 LixMnOs [RIFFEIE s 33X — 45 He 5 1% 45 [ A
A B LioMnOs AH— 520 23230,

RE XRD £ LMO-4 Jj LipMnO; #H, {HSEFR gt —Fom R
LixMnO; #kF (Bl LipnHMnO3)o FEARATTR LN LAES, A TR KA
HEAE 52 MnOOH R BRI (1774 Liy soHo.:MnOs BEAT T VEANIKTHER, i
PR HUARIY LioMnO; , JLJE MObLEL 5 i — B4 il B ¢ fEizALE T,
BT YR ¥ ST LiOH 3P, JE/ Mn[(OH)e] FL &4, SRJE#A S
Mn[(OH)s]* , JE#EL B LioMnOs All, 76 L:Fadferh, FERHE7ER)Z
Li JUAR 1/3 (1 Mn, #43 Li 050 7R, BRI IR LioMnOs #H. &
(KIPUAS K S 7 F ik e BRI 2 T GE (1 Liy soHo.sMnOs 2848, BI7E 200 —



400°C FRUR L DX IR A B S K LR o DR, 3 DUAN K B8 7= 4 7 350 Sy i1~ B
A BE AU H 0-LiMnO, FI/EL Li,MnO; 4li% (/b8 Hh—AHD, f
Mn Fl Li 5525087 M Mn AR A8, AT vH 575 20 51 IO A R Ak 27 41 (L
%D,

+ LiMnO, ¢Li,MnO,
. LiMn204 VMn304
? uncertain phase

o oy
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Fig. 1 XRD patterns of samples (a) LMO-1, (b) LMO-2, (¢c) LMO-3, and (d) LMO-4.

Note that the patterns were obtained by the refining scanning mode.

Table 1 The compositions of the as-prepared samples LMO-1, LMO-2, LMO-3 and

LMO-4.
Sample Mn% Li% Li/Mn  Mean Composition Composition with H
oxidation state
LMO-1  56.58 438 0.606 3.16 Lige0eMnOyss  HosssLio.gosMnO2. s
LMO-2 4945 7.53 1.19 3.67 Li; 1MnO; 43 Ho4sLi; 10MnO; 67
LMO-3 46.89 7.89 1.32 3.90 Li; 3,MnO, ¢ Hy ssLi; 3,MnO; 9
LMO-4 452 890 1.54 4.08 Li; 5ssMnO,57  Hg6Li; 54MnOs

* The composition with proton-substituted phase of LMO-1 was calculated on the

base supposing it consist of the two phases of LiMnO, and Li,MnOs.
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Fig. 2 XRD patterns for tracing hydrothermal growth process of sample LMO-1: (a)
0,(b) 1,(c) 3,(d) 6, () 12, (f) 24, and (g) 48 h; hydrothermal temperature: 180°C.
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Fig. 3 XRD patterns for tracing hydrothermal growth process of sample LMO-2: (a)
0,(b) 1,(c) 3,(d) 6, (e) 12, (f) 24, and (g) 48 h; hydrothermal temperature: 180°C
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Fig. 4 XRD patterns for tracing hydrothermal growth process of sample LMO-4: (a)
0,(b) 1,(c) 3,(d) 6, (e) 12, (f) 24, and (g) 48 h; hydrothermal temperature: 180°C

1.3.2 RN AN LiMnO,-Li,MnO; &1 50

2 2K 4451 T LMO-1, LMO-2 J LMO-4 [t 7K #4 s M. I (8] 6 7 fizast
Fio FERKFAKLBEFT, LMO-1 HHTSK{A2S MnOOH. i% MnOOH 1t 180°C K 7K#4
SEFE 1T h JEHEAS R AAT (B 2b), H XRD %5 JCPDS no. 89-108 K v (1)
LiMn, Oy WEAHEL, 7E~ 37 NI 44T (108 ) i £ B2 7 I m A%, 3X W] RESE AR
JTF A i A AR NS e FRIZPA IR R 2 (CVD B mT LA iA L
NIEAT GG, AE CV IIEE BT R 4 VIR P LR 1 2 A R AR I
2y 6hJa, FH XRD WEEHIL, WIFRET o-LiMnO, WJERL, 15 o-LiMnO, ]
e 5 A 7K A AL B ) 1S AT 1S K, bR S5 FF i 0-LiMinO, 2 i3S o {H2
FEBEE I SRI0 46 0F T, RIUEHE I A 2K %5 8 K, B JEV3k 1 o-LiMnO, 4liAH.

1 (NH4)2S:0¢/MnSOy4 = 0.75:1 1], =il FERAFH =428 MnOOH  Fil 24k
MnO, [FIRAYE 3a), 4 1 h KHUEHE 5 hJ35 40, 3 h J5 HIL 0-LiMnO,
M LipMnO; A, 2 BlAG /K FAAL BE I [R] A KBk — D AR K

TR LMO-4, 7R3 FIRAFIATIRAR, & —Fh 4 i 1120k MnO,
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(Kl 4a), 234 1 h KKAKEHEL, dn IR iR — 4, Bl R A AH. 3 h
Ji, ADWERR] LioMnO; AHTE G, X FEERTH XRD b~ 46° Bz [0 i BA 53
o 2ol 12h 5, PSR XRD W JLT-42 884 LipMnOs A HJUE, Br 7 ~37°
BT FR e, iR m] eSS BT IARAT O, AR & A O B A AT K

Bl 5 g5 TR LMO-4 BEAG KV KRR TESAR M . o3 M IRAS 1)

RTR AT AR, £ 1 h KR ES, P E IR R, IR
ANRIURL, K29 25 nm (] Sb)o TX B8/ NITURLBE A5 7K FA TR] ) SE A 2R T KK
75 6 K1 48 h IS IRIRIAE 5 53 ~40 F1 85 nm o Jofh =ANBE S IE 312810 L) 2k
L, BRI FI T it SX BB S A AR G SCRE T B S il 2 2K 3G 40 (1) 5 i
—H 45 LR

Fig. 5 Typical SEM images of samples for tracing hydrothermal growth process of
sample LMO-4: (a) 0, (b) 1, (c) 6 and (d) 48 h; hydrothermal temperature: 180°C
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