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FETE2.0-4.3 VIEFIRT, 600 TREFEMIFE 5 2 U 25 1 =35 176 mAh- g7, 20035, AR RA5H 90.9%.

KR, M EREWAMRL ARy, AR
FESES: 0646

Preparation and Electrochemical Performance of
Na-Mn-0 Cathode Materials
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Abstract: The precursor of sodium manganese oxide xerogel was prepared from Mn(CH,COO),*4H,O and Na,CO,
solution by sol-gel method, then sodium manganese oxide cathode materials were prepared through calcinating xerogel
precursors in air atmosphere. The structure and performance of as-prepared cathode materials were characterized by
Flourier-infrared spectra (FT-IR), thermogravimetric analysis (TG), X-ray diffractometer (XRD), scanning electron
microscope (SEM), and galvanostatic charge/discharge. The results showed that layered sodium manganese oxide
with a stable phase could be obtained at a temperature of about 600 C, and its crystal system was hexagonal P2
structure with space group P6y/mmc. It had been found by PowderX calculation that the lattice parameters a was 0.284
nm and ¢ was 1.116 nm. Since the radius of Na* (0.095 nm) was bigger than Li* (0.076 nm), limited removal of sodium
ions from the layered host lattice could decrease the resistance of lithium insertion/deinsertion in MnO, layers, and thus
the electrochemical performance of the material could be apparently improved. The second discharge capacity of the
material reached 176 mAh -g™ at a rate of 25 mA g™ in the cutoff voltage range of 2.0—-4.3 V, and the capacity
retention was still 90.9% after 20 cycles.
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REOL SR T P sl f, AR B OGAE HR e Ak
TEPERR E L) Na-Mn-O &R R0 & sl i A 2& 1
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BHER AL A AN R A AT S R 3 o,
A F AT LU NaMnO,,se zHO (x=0—1, §=0-0.3, z=
0-n) KFmR, NHEE) x .8 Fl 2 8, FAAEAFE B, W
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fpero, — AR B 2 ARG BVER A AL AT LU i
ENER S A ALY R R 1 A R 1B B Al AT
DAIE 3 Ak 22k B, ANNaMnO, R 2 0 |
CH;OH .CH,CH.OH . & 51 ¢ & S R £k 22 [] iV g -
BEE KW 2, MnClLAINaOH HI 7T TE K2 v 21, MnO, F
NaOH 7K #4521 23k G il 34 AT DA 3 24 0k 2 TR
BRI A I 0255 R A

JEARENER F ALY A RE B VR B T3S kA il
JZ2HR LiMnO, 1E M A4 4 AT SR 4420281 i e 4 Sk
BT HL AR R B B B JLAE A IR, Le
Goff %L NaMnO, MR, & TR A8 J5 5, il it
Vs B -5 v A B T HAT J2 IR S5 R 1 NagasMnOy y, +
0.76H,0 &L, 78 Cl6 FERCEATE T, 40 MER G,
HARARAFLE 110 mAh- g™, Bach %)) NaMnO,
SRR, CH,OH Ay Ji 1), 38 5o i e -5 e 1 G G
IR @-NayeMnO, s # B} 7E 2.0-4.3 V HL RGN,
C/20 FEHLHL 60 WG PG 25 A5 150 mAh-g™.
Hibino ™ #l Doeff"™4E | CH,CH,OH iA J§i NaMnO,,
Al 3 7E A B AR AN VER A B A 2 R, A
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CTFHFEZE L, SRR A TE R, & T8 K
ND2-2L M EREEHL P EREE 2 h, F& T S,
£ 250 TF fi%e 12 h, 285 53 31 IR 2 500,600
700,800 C, ffiR 1 h, ¥4, BREE 1 h 153405 E 1k
YIRS A R}
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K H RS A3 A B ] ) WRT-3P 4
FAF-F XRT-2P RIS H 4SO AT SR AR 7333 i A T A
MM, THEBZEI N 10 C-min™, 335
K HH H A2 D/Max-3C B X B AT 5HY (XRD) X
EAIE P BT T T S5 53T, SRR Cu K.,
HLU 20 mA, 85 H T 36 kV, 33 % 8 (°) »min™,
HAVE FE 10°-80°. R FH H 4% JEOL /4wl By 75 2h
JSM-5600LV HY 474 Hi, {8 Sl d5e S WA i 1 e
K/NFIZRTRITES. FHVEE CILAS1064 B3GR R
A A BT A i BORE JEE 43 A . SR FHFTS-60V 6 3 1%
(BIO-RAD)M {7 21 /M1 (FTIR), 4395 K 4
cm™, MR E B 2R 4000400 cm™, I3 5B AE 5L 3
SIAYEIE KBr My AR W (3%—4%), Fa il i is W 4 -
1.3 HtpHFEBAFEEENIR

Wl AU I IER AT RS B . A5 RRES R
(PVDF)$# Jii & Fb(70:20:5:5) 184, T IIE HE 57 N-
FH L -2- ML BE i (NMP), SR R 35 ST0R, W 4R
S b, 22 80 CHEAS THE 12 h J5fE M IEMN; DL4 @
R CRHEH REFAD 28 7V X B AR A 6%, 1 mol - L
#) LiPF/EC+DMC (EC Il DMC AIAF K 1:1)iF
W K HEL AR, Celgard 2400 SRS, 76 70 8 < T
£ 4 (Mikrouna Co., Ltd.) P 3E i i, CR2025 4 115K
H 3. SR GIGET B 4 FR A A BTS-XWJI-6.44S-
00052 223 18 HA it R s I (U 7E 28 T T X6 e it db A 7
TE IR FEHCE, VLA 2.0-4.3 V, BN 25
mA-g™.
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Pl 12 K A T O e A 28 U B TG
DTA 43 Hr i 4. M H o] LIE H, 8058 S b i &
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Fig.1 TG and DTA curves of xerogel
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—ERERRTE, FE AT a-Na,MnO,,.
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g R, X — AN G R, XA T DTA #i £k I
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HREE 1 8 TG F1 DTA k24t 5L al 40, 1
URARTE 250 TAAT HEA T RS AT bk 2= T8 h 1 245 i
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PR
2.2 TEE RPN RIE

ZLAMETE AT LA R4 75 A S ARG dH 254, 1] 2
HF BRI LT AN IO, E 2 AT LAE 1, TEE
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(AR W AT I, TG 15 i COOH HFAE I H B, 3 i3
T EER T 4w B T S BRI 2 R RGP S S A
FA=L 3 AN R RS 5 M LU NI . 7
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AN B R WA, 570 em™ BT 2 Mn(IV)—O R IR 3
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Fig.2 FTIR spectrum of areogel
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Fig.3 FTIR spectra of samples calcined at
different temperatures
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Fig.4 XRD patterns of samples calcined in air at
different temperatures
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FHA R BT, /KT8] AR FL A BH 8, RiAs 4y
ATBERFIAT; 600 CHE, G BUFE Al AT R DRRR 1 R A1,
H/INRE T[] 1) SRR AS A AN B 82 700 1 800 TR %if
BEIRE S OR3P RE S T iR T A ORE
B o AHFN B AHAH B2 5 Y.

X T IERA R 5, HoR A — R+ T =k
TR RN K AT 2 0] (2856 07 AR R P RE 52
AR, A 1 HGABCA R i — UKL B RN, A4 d A
K/INFIT S T Ak 22 (R (/) 5 ZR——BP Scherer 243

D=KA\/Bcos
Ao D AR BT SO i 9 R BRRE; B AR

7

FRATHIIE (R = WL 00 SEALRRE, 0 oA Ak s A Ry

B 5 ARIRERSEERE SEM E

NS X G2 K (1=0.1540598 nm); K & Scherer 7
8, SahiBAR B.D M SUA &, K B 0.94. XF 454
AR A8 1 i TR A 7 11, AT AR 45 A R 2 B 4
T Dsw(a)=25.4 nm, Dgy(a)=30.2 nm, D, (8)=91.8
nm, Duy(B)=104.1 nm. AJ LFE iy — UK+ (1) -2k 12
Bl TR TR I G, H B A EE a AR 2 3-4 £

R T A A il AR T A A B I, R
WOCRLEE 3 BTSN 1 Sl IR BE 43 A1, 45 51890 1
1N OTLIE W, FEEIPEERIAR 50N D=
3.51 wm, Dge=3.77 wm, Dye=4.20 wm, Dy=4.30 pm,
BT 55 3008 T s s R B R

BT, 500F1600 CF A il 5467 B 45 /N 1E
P AA R}, 3 (A5 H A S By B RTHG R, A R P Lt AE
B8, DO AR A S B 25 R D F AR AR A A R
2.5 HBULFEHEST
251 FHE# L&A

R T 2 50 e i R X AR AL S M R A S
W BT 25 AR RS B L I DA 25 mA - g FL TR
TE 2.0-4.3 V HL R B 9 2EA 7 e iR ER I, 14 6
W8T 500,600,700.800 “CHg 52 FRE I 96 ik
HL RN, #HIE A 70260 mAh- g R, A
0.1 mol Bl 4 J&@ B F & Az it ARG H, DUAH 24 F 0
FIFEA 26 mAh- g™ (I HL T 75 YOI — i et
2, B Liti A2 MnO, JZ 8], T4 UL Natpii b 3 ##
JRAREER BB, T R SR HL = — S AR A e

*1 AREBEETHENERNMES
Table 1 Distributions of granularity for the samples
calcined in air at different temperatures

T/C Dy/pm  Dy/pm  Ds/pm  Di/pm Dy/pm f)/p,m
500 0.70 1.25 2.40 4.48 8.31 3.51
600 0.41 0.97 2.08 5.11 10.30 3.77
700 0.60 1.06 247 6.13 11.06 4.20
300 0.62 1.12 241 5.98 11.56 4.30
D\, Dy, Dy, D+, Dy, are diameters at 10%, 25%, 50%, 75%, and 90%,

respectively.

Fig.5 SEM images of samples calcined in air at different temperatures
(a) 500 C; (b) 600 C; (c) 700 C; (d) 800 T
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Fig.6 First two discharge-charge profiles of samples calcined in air at different temperatures
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Fig.7 Differential capacity plots of samples calcined in air at different temperatures
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