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1.1 #EBEK

P E R L (11D B LiOH-H,O( 40 T 48, 45 )%
95%)+ Mn(CH3COO),-4H,0( 73 M4, 201 99%) Al
H;BOs(ZrHréll, 4lJE 99.5%) W filde 2 5 1Kk, Hitdk
REHSE R . RAW % 8%, B KRN
200 C, HXGEEA 100 C, JH_EIR w45 i oA,
FERGHTORAATE 120 CHLEE PR T4 12 h, ARJEHEET
O A P TP AR R RGP 350 'CHBE 3 h,
FEEAE 800 C BB 10 h, HARAZERIFEM, WdH
FEff LiMnBO5> 201,

P R R L (11D R LiOH-H,O( 4 #r 48, 45 )%
95%)+ Mn(CH3COO),-4H,0( 73 M4, ZH % 99%) Al
H3BOs(ZrHTéli, 405 99.5%) Wi /e 2 2 /K, $itdk
A58 R W . FRIUE & 1 58 £ 1 -6000
(PEG-6000) ¥ fift 7/t % & 1 K 1, PEG-6000 5
Mn(CH;COO0),-4H,0 Wittt hy 1:1, 2R F IR
RABHEE RN . RAWEZ T8, dF X
200 °C, HXGEE A 100 °C, Bk b4 i oK
s R RTIRAAAE 120 CHLE F AT 12 h, K5
KT IR T A TP SRR R 350 C ke
3h, ARJETE 800 C MEKE 10h, HARAHIARIRE N,
id A AR LiMnBO,/C.

1.2 HmERIE

K H A Rigaku 2 7] 427 1) Ultima VI 8 X 5§ 4%
NI ATRE S AR 250, BL Cu Koy WHTERUE, 1
TG 10°0~90° K H H A 7 bk o 4L 2 F] 1)
JSM—6380 LV R4 1 WA BN SE[E FEL 2wl 1)

TecnaiG220 7433 S BT LS AE i R T TSR . 2 il
K I E Renishaw 23 5 1Y inVa B4 8 6 3E AL

1.3 BFER

#4800 CH UMM BHE N IERGETEY T, His Pk
Y. LHeEE. PVDF i bl 80:10:10 214 )5 1
Kupdeses b, PR TR TR 240 EE R
FERJEVIR 1 emX 1 em K/ANWR T, QRS20 T 53+
PRAE N T 12 hy SRABE A /E N 8, 1 mol/L
LiFP¢/EC+DMC(ARREL 1:1) h Hafilil, 75 2l T 48
LA 2 i S P T PRI %) P A 2 P R SR T BBl XA
MR, FECR R B EAE 1.0~4.8 Vo A R
CHI660D 78 H Ak 27 T AE 3l AN [F] A i 1R A2 3t BBt
i, A HRIECN 5 mV, SETEH Y 0.01 Hz~100 kHz.
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2.1 X BH&ATE O
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o AT HRTEUE H, AR A RBUNAT I, %
HHRE it R &5 AR FERE L, I FLRE b PR AR TR AT S0 Ve ) 7
5 N7 iR 4R LiMnBO; 1) PDF K A #H—2, X
S 2 AT S bW A S R IR R AT A 0, UE
PEG-6000 73 fift £ 2 1Rk b G 5 T I B R R} 45 4
B W N T e R SR, RS
HR ] Rietveld 75 ¥:(Fullprof B AE)XKE i ) XRD %
PHEAT TRAE . W&l 2 P, AT fr B AR
THEPTASIUC RO PRI, K18 45 AL BA AR i ]
SEPEIN Y, LiMnBO; Al LiMnBOs/C #¥ 5 f i] S K]
T (Ry) 54 9.05%F1 9.20%, PHFIFE i 1) & i 2 40

II | I I LiMnBO,/C
U N TR TR N

_\J “L I l Il I LiMnBO;
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1 LiMnBO; 1 LiMnBO,/C 1] XRD i
Fig. 1 XRD patterns of LiMnBO; and LiMnBO;/C
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Fig. 2 Rietveld refinement XRD data of LiMnBO; (a) and

LiMnBOs/C (b)
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22 Mo
Kl 3 Bz~ i LiMnBO; #1 LiMnBOs/C £ 5 AEAN ]
KA # R 1) SEM 5. MIE] 3(a)F(b)A] %, LiMnBO;

FEG BRI RURL, K42 53400 0.5~4 pm, ROk i LL
BOGHT « W 3(c) ()L 2] LiMnBO,/C # i (1) 3K
JERURLZ I A 2 ALK, X2 H T PEG-6000 7& ikt e
45 1 AR AR AR R e B A — BRI R it JF HL
FEREAE IR I R o Az p s o] DAL 1 — R AORL K H.
/N BV ER T JIORL I 76 76 KRORL I X B R, A 8 i T4
BHOPE S L, LiMnBO; 1 LiMnBOs/C K & 3 52
SERESY 0 1.08 1 1.13 g/em®s PEG 23l FT A3 it
AR AE LiMnBOs MR, JER T =48 e, X
AR & TR i35, IR B RO
F LA SN R A

Kl 4 ffrzn ol LiMnBOs/C #4541 TEM 5. MK 4
AL, SORDE I B AK ARTE, B 4(a)rT LA H,
TOURL R T AR A 25 U B AR DX SR A DX SRR I 2, ot
R 3.8 nm (652, %052 AT LS A
BHBRLI LRz Re ), #m il Fri2E,  J8ss it
MIRAC IS, Rt LR A A PR RE, 3T LA
bR, BEIEGEI AT AE 4b)rr s, PR
A2 BN 0.19 nm, S5(310)[f d HYIH. X
ANGERIE—BAES2 T LiMnBOs/C & AR o

R=1 FEMEHREER
Table 1 Results of structural analysis obtained from X-ray

Rietveld refinement

Sample alA c/A VIA>  al(®)  9I(°)
LiMnBO; 8.1779 3.1527 182.59 90 120
LiMnBO5/C  8.1723 3.1485 182.10 90 120

& 3 LiMnBO; 1 LiMnBOs/C 1] SEM 14

Fig.3 SEM images of LiMnBO; ((a), (b)) and LiMnBOs/C ((c), (d))
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d(3|0)=0. 1958 nm

4 LiMnBOs/C [f] TEM 14
Fig. 4 TEM image (a) and HRTEM image (b) of LiMnBO,/C

h TUESEE BRI SEIL T B A e, ARSI
XF LiMnBOs/C £ S AT T 47 2 A, 25 5K a5 fiow
ME 5 AL SR, 76 1355 cm '(D-band)Fl 1600
cm (G-band)ib A 2 N5, LY RIEALE R 4>
FR T R TC SE TR sp® AN sp® 244K 1R D 1~ By 111
sp” AR T AR, sp” A T HFIA 84,
A A AH A LA A SR AR TR o XA SR ) £ SRE
ST ARSI oA A PR R S A S A R, A
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Fig. 5 Raman spectrum of LiMnBO3/C

SO BB A TR AR S, I T
HLTH (1P E -

2.3 LiMnBOs/C By {LF R

B 6 7 A A S A FL Y ] 1.0~4.8 V AN [R5
NI R . I 6(a)rT 41, LiMnBO; £
#£0.025C. 0.05C. 0.1C. 0.2C. 0.5C F1 1IC 5 F i
YO IR EE 25 B3 ) 168,78 116.95. 98.55. 84.95.
63.27 F126.45 mA-h/g, 1M LiMnBOs/C Ff it fEAH A
BN OB L A A 20041, 172.02,
163.24. 15421 135.21 #1112.03 mA-h/g(ILIE 6(b)).
B 7 s A RE R IR PEREE], LiMnBOs 7E 0.025C.
0.05C. 0.1C. 0.2C. 0.5C F1 1C f5% FEHR 50 W
TR A R 2 A 10954 81.34. 77.07. 52.91. 31.25
A1 22.72 mA-h/g(WLIE 7(a)). LiMnBO,/C £ & iR T %
I EIERE, £E 0.025C. 0.05C. 0.1C. 0.2C. 0.5C
A LC 52 M EH 50 PR TE0H EE A RTS8 AT 160.88
14432, 130.21. 118.78. 109.69 F192.70 mA-h/g( ./l
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Fig. 6 [Initial charge-discharge curves of LiMnBOs(a) and
LiMnBO5/C(b) at different rates
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Fig. 7 Cycle performance of LiMnBOj3(a) and LiMnBO;/C(b)

at different rates

7(b)). RUFIITEIATERER T PEG-6000 £ 5 4 =i B
FRAL PR 5 355 A8 75 LiMnBO, [0k 6 181, AN 1] BLEkg
WL FAEAPRVRORL 2 [0 (s far e 7, 985 re Ak 2# AL,
[ S Ve T L e o W T
I TS TE AR R . I BLRA L7 B B 4 T R
TR B kT HAEEAE A R o i N 2
LA IIBZ,  BEAR T AR 70 35 r a e v Fr A4 AR AR
A, $Em TR E . B, R A TR
A BT AL 25 1 B

Kl 8 A7 Al LIMnBO; Al LiMnBO-/C £ i (IAS I
BEBTHE . P9 4RI 38— AN i X 1) 2 BRI A X 45
AR, DK R D T e AR A
AT X ) B ZRAR R LiT A5 F A RL P 03T 5 S 1)
Warburg BHBT. 4 T45 H B IAEM R Bi S 4, HIE
8 MRS i 0 BB ek AT T84, kb ROARER
T LA L RH s Re AR TR A R/ H A A T 1)
Wi 4 A HBH, CPE RonWHLE S Z, UK Warburg
BHBL, BRI B BHGTSE R A Ry LA ST 543 2

XU 2 L2 (Cgy) AT 3 U S () IR 2.

__RT (1)
nFR
Cyp=— 2)
zncht

X R NIRRT EG T L n Wi
THG F OEREEEG Ry HHATEERS R £ A0
.

FHEE 2 741, LiMnBOs/C FE &1 Ry(160.92 Q)7
T LiMnBO; FE 5 1 Re(293.50 Q), 1t IR A0 7 RE4%: s
FL AR U 5 A8 A FEURWG T 1) P i A B TR, A ER A
X HLRIRPRE K, B Z, /N R T LifE EAas bl
R S U FL Y SRS e T F o g L 22
LiMnBO,/C #£ 54 f Cy1(2.60 X 10°%)/NT- LiMnBO; F¥:
(K] Cal(4.44 X107, i WIAE 78 50 AR b 2 v oL s T 2 2
BRI s A H L2 3 (o) 2 T B AR A A B
I JFUR N2, LiMnBOy/C AR Jy(15.96X 107
mA/cm?®) K T LiMnBO; K 1 111 J4(8.75 X 10> mA/em?),
Vi A0. 78 GBS 2 LiMnBO; FER SN oy mp 30 1, {43
FLRR SN B I 7% 5 AT

800
R, Ry Zy
CPE |
600 - v

200
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Z'Q
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Fig. 8 AC impedance spectra of LiMnBO; and LiMnBO,/C

F2 ERRBAUIHSIR
Table 2 Parameters obtained from equivalent circuit fitting of

experimental data

Jy
Sample RJ/Q RJ/Q  Ca/l0° .
(10 °"mA-cm )
LiMnBO; 504 29350 @ 4.44 8.75
LiMnBO,/C  9.81 160.92  2.60 15.96
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3 ZHig

1) W5 TRk sl 4 T LiMnBO;
LiMnBOs/C FEfh, £ 0.025C £5% F LiMnBO; 5
LiMnBOs/C ¥ il B X L 8 54 ) 4 168.78 FH
20041 mA-h/g, PEG-6000 1F & fik J5 & # H 1
LiMnBOy/C F¥: i AL 22 PEREAS 21 T I R, IF H.
LiMnBO,/C Ff 54 0.025C. 0.2C Al 1C 53 FAE3R 50
WG AR N 160.88 118.78 Fi192.7 mA-h/g, iR
HA I IR RE

2) PEG-6000 A AR R, 1 HAREE L/
Hh BT RIORL IR, A (1 B 220 50 b 0, 28 A Rk
[, JERCT S RN, e T AR T iR
HAB TSR, Amdem TR I e = Tk Be .
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Synthesis and electrochemical properties of
LiMnBO;/C as cathode material for Li-ion batteries

CHEN Wei', ZHANG Hua’, ZHANG Xiao-ping®, LIU Jie-qun?, LIU Shi-jun', ZHONG Sheng-kui’

(1. School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China;
2. School of Tron and Steel, Soochow University, Suzhou 215021, China;
3. Shanghai Shanshan Technology Co., Ltd., Shanghai 201209, China)

Abstract: LiMnBO; and its carbon coated material LiMnBO;/C were synthesized via spray-drying method using
LiOH'H,0, Mn(CH;C0OO0),"4H,0 and H;BO;, as starting materials and polyethylene glycol 6000 (PEG-6000) as carbon
resource. XRD results indicate that the samples have hexagonal crystal structure (h-LiMnBOs3). The electrochemical tests
show that the LIMnBO3/C particles delivers a high first discharge capacity of 135.21 mA-h/g at 0.5C rate within 1.0—4.80
V and retaining a discharge capacity of 109.69 mA-h/g after 50 cycles, while the LiMnBO; composite displays a first

discharge capacity of 63.28 mA-h/g and a capacity remaining of 31.15 mA-h/g after 50 cycles. The carbon-coated

LiMnBOs; could effectively improve the electrochemical performance.

Key words: cathode material; LiMnBOs; spray-drying; carbon-coated
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