525 &5 7 W
Volume 25 Number 7

%S 1004-0609(2015)-07-1897-07

TEERERFR

The Chinese Journal of Nonferrous Metals

2015 4E 7 A
July 2015

FAR LigsNagsCoO, B & B & B 4544

B R £ ORY, R A, madyehp!, ek’

(1. hEFR2E MRRE S TR, Kb 410083;
2. TRIKRY AOESEMERSEES TREE HE SRS, Kb 410083)

B ZE: TR EE a-NaFeO, 45 S A AP IR T HZIRAEL, RAHFEA R AT LigsNagsCoO, 2 fitfh
K, JERIH X SHEATHHXRD). FH 0T BT (SEM)RILE S i 1 M4 M (TEM) SR U T BOW HoBE S . Ak
GEREEIEAT TR SRR —BAETIRE N, LigsNagsCoO, N IR, Hfk4if 5 20k LiCoO, #iMLl, {HAE
FLEC AL PR FEIE TEM W82 S0V [000 1147 Al AT 56 162 o H BSE A4 &R P NV IZH D6 {10 10} A SR T e o X 13
LigsNagsCoO, 1 fib R4 1 £ 28 R 22 TR PR 45 1 8 A8 J /N 7 45440 o

FEHEE:  LigsNagsCoOq; HLFATH; WIKEH; ARk

FESES: 0614.11; 0766 XERFRERD: A

Synthesis and microstructure of layered cobaltite LigsNaysCoO,
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Abstract: In order to research the structure of complex cobalt oxide compounds with the similar crystallographic features
of a-NaFeQ,, the solid state reaction was used to prepare the LiysNagsCoO,, whose crystal structure and morphology
were characterized by X-ray diffractometry (XRD), scanning electron microscopy(SEM), transmission electron
microscopy (TEM). The results show that, under normal conditions, the platelet-like LiysNagsCoO, and layered
LiCoO,(R 3 M) have similar crystal structures. However, the extinction spots of crystal-plane {1010} of rhombohedral
R3m space group in [0001] zone axis is detected in TEM patterns, which indicates that the crystal structure of
Lij sNag 5Co0O; has transformed from rhombohedra system to hexagonal system.

Key words: Lig sNag sCoO,; electron diffraction; crystal structure; synthesis

WAk, ERm 4 8 a8 54 A CoOy(A=Li,
Na)l 5| 7RI TAEE G 2R Li,CoO,
P BT R i2 T ki s 7 it i U2, STl
R T 57 A 45 2% 3R A5 B 1 A 0 R P AP
Na,CoO, #I5 Z R ZRGE ), WO IERE 7 hith
PATRHCT, [] i I AR A R o i, YT EE
SttgE T Rk, W E AT

EEWBE: KPP lRHHRIT I H (K 1005011-11)
Iis BEA: 2014-02-04; &iTHHA: 2015-05-20

#% Li's Na LA (6 4 8 B A A0 & 2 R iE 5T 2R
A, CoO, TS5 6 55 e Ak it 2 TR () 56 22« BALSYS
AU e 4% Y Li R Na BERERBEIE 101 AUE b &
) Lig4sNag36C00, g6, I H T3 AR AT 2 225 1)
TEA Pos/mme, bk H A a=2.839 A, ¢=2036 A. fk
W 0B 1Ll A—B—C—A—A—C—B—A J5 iUifE
P, BEASFALES 4 4 Co0, 2, Li B 11 Na & 177>

WIEMESE: VIR, IR, 4t Bk 13787182335; E-mail: ylai@csu.edu.cn



1898 hEA SR R

201547 A

JZHEFIALE CoO, /2 Wl . SEMENOVA 25121 ik Bk
BT T B P6s/imme 45K LiNa,CoO,(x=y=0.5) 1 il
P S P BRIERAE, I 940~1000 °C kS5 A iR
B, FEH B2 S IEIESE LigsNag36C00; 06 H
05-LiCoO, HI P2-Na,CoO, A1t B, WEITHE RS
Li,Na,CoO, (K145t th AT T ¥R AWFST . MESILOV 254
I XS SRt 53 A A IR LiNa,CoO, H B EE T A4
BRI, Li A1 Na JB R LG B2 35 40 2 T 5 4.
BERTHELOT 251U il il X 2 A7 54500
LiNa,CoO, #l & pe i # ., & Bl K A1 OPPY-
(Li/Na/Na)CoO, [ Hi &4 . TMixtT Li,Na,CoO, Pk HERF
F¥H, REN Z5H 017 2 i "N 00 1) Lip4sNag 35C00; [ #4
HL 34 F) 180 wV/K, i T LiCoO, Al Na,CoO, HLAf]
ffi1. BOS ZUI7E bkt ERFSURIL, Bl B4 (Li
H Na) ¥k, LiNa,CoO, {1 # i At ik > o

AR SCAE R AR A SO A R B 750 CH
B4 U A Lig sNag sCoO, [ BB 43 i & Stk &
W, IEHZM I NEFATMOWRAE, WRHENTT
fi & LigasNag3sCoO, RIOEER, WHFFT SRR 1) 5 1k
PRpEK Y .

1 XIe

1.1 LipsNagsCoO, BEIFE A B R Ao 1

LiysNay sCoO, /&if it NaCoO,. Li,CO5 Al i
PR AT AR % — 2 LU S bedh i . JORHETE 500 °C
TUkeSs 1h, FPUEFHE S 750 Coiilked 8~12 h,
PRI ENG TR . NaCoO, it Na,0, 5
Co304 71 500 CHe4s 1 h il 5592 ISR,
BHC LERT Li AT Na 3@ Yid 5, JFERFIRGRLE T, XTAE
AT K S . [, SR ik, B
T i P B R A JEURLPE 750 “C 4845 10 h il 1)
LiCoO, 1 4 ) HAE i o

i ] HASEE 2% 22 TAS100 S A as 0 5Bk A
AT 7R ZEH R I(DSC) 73 AT FHE 20 BT (TG), I
MO A 25~800 °C , FHELE Y 10 'C/min, R
N
1.2 LipsNagsCoO, HIF SR FA R IR LA 4 4

1 Fil H AEE 2% 2 Rigaku D/Max 2500 FA7EF06
ANRDRY ARRE S AT X S 2T 56 (XRDYIAR - #1e ALET]
FEI A 7] Sirion 200 3 & S 14 HLBE(SEM)X FF i idk
TR ESINEL . FIJT PS—6 ELA5 MY Bt R & 25 5 1
PR RS 6 A (ICP-ASS) X} LigsNagsCoO, LK

LiCoO, #47 Li Al Na & &5 #7 . &5 BB il 2 4
A b A R Y S ) Bt I AS, fE A FEL A A
TECNAI G* F20 3 & 45 5 i B (inidi fi & 200k V)it
AT HL T AT SN R0 A P AR AR O A B A A
(TEM).

2 HEREHE

2.1 LigsNagsCoO, RYKiB& iR ESE B

NaCoO,+ Li,COs FIH e 15 Bl by A [ AH S W45 ik
Lig sNag sCoO, 71~ 2= $713 5 H4 il 28 R0 s s 452 2K i 2t
B 1 FrR. et 3 SRR, 0 Vil 22
“h 80+ 300 F1 490 “C . 80 °C ¥y HAUE LA il HH 7K 43 75
RIER . MR BRIRESAE 300 'C A AT KA, 1K
T AN, (T IRIR ER RO CO,,
PLIREEXT V) TG Mgk L T W BBk . IER NS
LT, LiaCOs 4l BE 2020 700 °C, AR H-Fos i
R A3 = R G M Cos04 A ALVER, ReffidL
1E 450 CIFERMEE, 500 CAAT ke KR,
Noh DSC g i el =AM ig, bR Li,CO; 153 fif
SN T R R M2k AT

100

195

490

185

Heat flow/(W-g™")
Residue mass fraction/%

180

TG

75

]60 360 560 760
Temperature/C

1 NaCoO,. Li,CO; il imE R &1 TG A1 DSC

fh £k

Fig. 1 TG and DSC curves of mixture including NaCoO,,

Li,CO; and basic cobaltous carbonate
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Fig. 2 XRD patterns of Lij sNaysCoO, at 750 C for different

sintering time

F1 750 CRegs AIFIN )75 1 Lig sNag sCoO, 18l 2 4
a cfELLK cla HAH
Table 1 Lattice parameters of @, ¢ and c/a ratio of

LigsNaysCoO, synthesized at 750 ‘C for different sintering

time
Sintering time/h a/nm c/nm cla
8 2.8172 14.0816 4.9983
10 2.8215 14.1032 4.9984
12 2.8251 14.1226 4.9989

2.3 LigsNagsCoO, HIRK 43 43 11 K FE SR454IE
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Fz 2 750 CAFMRS ) J5 5 ALK LigsNag sCoO, ¥ Li il
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Table 2 Li and Na content in LiysNaysCoO, synthesized at

750 °C for different sintering time

Sintering Nominal composition ICP-AES
time/h Li Na Li Na
8 0.500 0.500 0.489 0.450
10 0.500 0.500 0.485 0.412
12 0.500 0.500 0.484 0.410

B 3 750 'C T ARBELEHT M) LigsNagsCoO, ) SEM 1%
Fig. 3 SEM images of LigsNaysCoO, synthesized at 750 C
for different sintering time: (a) 8 h; (b) 10 h; (¢) 12 h
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Fig. 4 Selected area diffraction pattern (SADP) and high resolution transmission electron microscopy (HRTEM): (a) LiCoO,,
SADP, [0001]; (b) LigsNagsCo0O,, SADP, [0001]; (c) HRTEM and fast Fourier transformation (FFT) of LigsNaysCoO,, [0001]; (d)

HRTEM and SADP of Li0A5NaoA5C002, [0001]
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Fig. 5 Structure model and simulated results of LiysNay sCoO,: (a) Structure model; (b) Experiment and simulated results of XRD

pattern; (c) Simulated diffraction pattern, [0001]
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