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8 . SRAPSHIL Ao 8 T it H s 3 BE R IEARM KL LiNigsC002020 X HTIKAA NigsCogo(OH), il 45 1.
ZHH AL, 764 R IR TRARE N 8 mL/min, HEFEHEZ 450 v/min, pH{E N 11.5, ZIK/E 20 g/L KM 36 h [ 41F
T, AT PSR H 2.02 glem® BIERIE NigsCog2(OH)ye I LA NigsCooo(OH), A 5kl 5 LiOH-H,0 BHT IR A HT
BEHEAT RS, F R Al A ARl LiNig sCog,0, HIALZEMEREMI LA #F Li/(Ni+Co)lic bt 1.05. %%
WA 800 mL/min, 750 ‘C NEe4s 16 h Fif34 Kl LiNigsCoo,0, AL ZEERERA: 7E 0.2 C, 3.0~43 V [I51E
T, YR AFREILS] 1954 mA-h/g, ER S0 UG AR IRRFERILE] 89.2%.

F$#i: LiNigC0020,; IEMMATEL; Fasihil & fhidk

hESES: TMI12.2 XRRFRIRED: A

Synthesize and properties of spherical cathode materials
LiNigsCo,,0, by controlled crystallization method

HU Guo-rong, LIU Yan-jun, PENG Zhong-dong, DU Ke, GAO Xu-guang

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: High-density spherical cathode material LiNiygCo,0, powders for lithium secondary battery were prepared
via a controlled crystallization method. Under the preparation conditions, when metal salt solution flow rate was 8
mL/min, stirring speed was 450 r/min, pH value was 11.5, ammonia concentration was 20 g/L and reaction time was 36 h,
the spherical NiggCog2(OH), powders with tap-density of 2.02 g/cm® were obtained. The mixture of NigsCoy,(OH), and
LiOH-H,O was sintered and the calcination process, especially sintering time and sintering temperature, was studied.
LiNi, 3Cog,0, cathode material, which is synthesized with 1.05 Li/(Ni+Co) under 800 mL/min oxygen flow and 750 ‘C
for 16 h, achieves a high initial discharge capacity of 195.4 mA-h/g at 0.2 C current between 3.0 and 4.3 V, and excellent
capacity retention of 89.2% after 50 cycles.
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PRSI A bR T i A A k2 A, H
WFIUE 2 (A RV M- e L T v o Ying 5T il
S5 REA T FEER B IE AR EL LiNig5Co00,0, T
ML A F] 217 mA-h/g, B U AR 172 mA-h/g.
Wu Fl Yang!®SR FH HL3T5e V5 4% i LiNiggCoo,0, MR
OB L2 185 mA-h/g. #ICTRE LTI
J ) LiNig 75C00250, B IR T8 HL LE 25 5 2 AliA B 198.8
F1168.7 mA-hg, HFF 30 WAL 9.3% . MM
e T2, HESE DR 2B -
BB Y #3211 LiNigg,Coo2 YO, B B HL A
LH] 174 mAWg, HIXBFIER] 88%, 40 IXKIHIAZ
HARFEFR N 95% o Zhong 2 VMR RS s i DL L 4L
Tl (RRI IR 55 M L1855 N JRBLE 8 LiNig §Co9 .20, #1 K},
HUBOE A EAE 120 mAh/g(2.7~42 V, 0.1 C), &
25 W PE R AR AR FRTE 130 mA-h/g, EA R
WL R Rl — P i

SICIG SR 47 il 4 v — SR 5 il A AR 45 A
(K7 V4% T 5 FE IR B LiNig.5C002050 ASSCAEF RIS
THTIRAR NigsCogo(OH), il es T2 K itk & R il FE XT
LiNi §C00,0, # KA VERE R, £33 T YRk
REATHL AL PEBEAL R 11 LiNigsCog20, £}

1 XIe

11 KETR

A S 1 Al O SR T UE R A R BR B 1 IR A4
NiosC0g2(OH),. LA NiSO,-6H,0 1 CoSO, 7TH,0 4 J5Uk},
HBCE 2 mol/L K (1) <2 J& SR ¥ M (n(Ni)/n(Co)=4.0, [
JREE), 5 mol/L [¥) NaOH MPLiER], WRE KN H L%
PR, A3 AL 3 MR A IR 12 L 3 HI &Y
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FEH. S B R NI R 50 C, pH {HFEHIAE
(11£0.02), FEFEFLEE N 400 r/min, RGBT
WIS HIBEEN 2+ 4+ 8 Fl 14 mL/min, 2L
75 10~15 g/L [V 12 h, HoRifE oA an &l 1 .
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W 1 FR, BEAE U0, R 53 A i 22 AR
U, MERSBOAREE A 8 F 14 mL/min I, HOGH R ik
FE AT O B . Ml s, RN RO S
RIS IRRL, Zhisdiehl, G s R S . SER ol T
S GE K S N ) (1 BT, 3R B AR v AL N
8 mL/min.
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4— 14 mL/min
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=)
T

10-1 100 101 102 103
Partical diameter/um

1 AFINi/CoSO4ZEEHH L T Nig sCoo o(OH), IIKLIE 3 A7
Fig.1 Partical size distribution of NiygCogy,(OH), sample
synthesized at different Ni/CoSO, flow rates

Wi SR AR BN (RORE FERE S . PR SRR, B i i
RV pH EAEIA], 193] & AL B B 5L
2, RLREZE. RABREMA R m, AR iR RN 3
W pH 34%5), 3RS R RY5], BRE
B, BATRITiEmdRsr g M, S 2, %
£ 400 r/min BEAT NV .
2.12 pHAH

pH /25 NigsCooo(OH), Sn kI TES . 45 bR A
PRSI N # . N AR R AT, FH
B AR T AR B 5 /IR AT, )
W) pH fE g T P AS sh 2. Rk pH AR 8% il
— NG, 2 pH AEAR T 10 B, 30 RS T
WAGEA, RIEWREEG, S KRN R Co®',
pH E 5y, S AR SOK E  ROST /N D b B 2t i
ARYTTE, FBDTENEZE

BT LSS AE IR M 15 g/L, 400 r/min fRI458 B8
B, SRS LA 8 mL/min (IR HER}, VIR 12 h,
pHAE > 314 10.5.11 fi111.5, 753774 Nig sCog ,(OH),0
Bl 2 o i ANE pH B R T3 FE T NigsCooo(OH),
MBS W LAE SIERURE pH (6T, FirfG Ak
ghfmies, FREAYE; BE pH EAHE M, SAE
IEFIR G, SR E T BUA, PRSI FE A k2] 0.64 1.2 F
1.8 g/em’.
2.1.3 FIKIE

SN R BT = A BRI — AN B A
3, AR O AR S AT YR AN IS SN
(YRRl 70 IR FEE DR AR AT — 5 10 DX T A ) % RO S AU

Vs,
B 2 AN pH {H Nl MILIET"H NipsCopo(OH), ]
SEM 1%

Fig.2 SEM images of NiygCog, (OH), powder synthesized at
various pH values: (a) pH=10.5; (b) pH=11; (¢) pH=11.5, =
50 “C, stirring speed 400 r/min
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VE, WELE T SN EREDTIE . Sl R R N A
MYLIE L, bl A% A K, HEm B A 5
SCIGAR R pH (MR 11, BREREMSVEMIRIE N 8
mL/min, $HEEESRE A 400 t/min, KN 12 h, [NV
HEIRE 25 10 20 30 A1 40 g/L, & 3 FiR AR
Al LR TTEY) NigsCoo2(OH), SEM . 1A 3(a)
W LAE B ZREE N 10 g/L I, Pk s HUE 50
AR M E Rk m (& 3(e) ), RILITAR
b2 FHVF 2 ORI TSR A — ke, HLUBURE 3% 10 kR
B, SOREEEGE, DBURIZWIEINE. Ak, ZER
2 ST KRR B R s IR N
20 g/L I, BUKLA BRI HOKIE . KPR A S
LiOH LA 1:1.05 B ELAE 750 “CHe4h 12 h I E AR
HEAT Ak 2 7 i A, 45 R0 3R 1. &R N
20 g/L i, BT 45 2 LiNig gC0 20, B X FE R BE S AL o
2.1.4 VIS TE]

TR R BB B4 T, OIS R A T35k
TETESR S ARSI B FE s . 18] 4 Bros A Im] e
IV A] NiggCooa (OH), Fe#IIESINAE k. 1] LA EIRf
VIR RIS, PRI B G AR b, S id i
ALY SANA R TR E 7S S T AT NN o5 S e 1S I E R U1
LI A3 AT B N . RS B TR 1.67 g/em’
BHTINE] 2.02 g/em’.

R 1 AFRRKBEXSFEL LiNiggCo 20, /™I E KT
R
Table 1  Effects of NH; concentration on first charge-

discharge capacity of LiNiy3Co(,0, powders

First charge First discharge

Sa;rz)}:')le i(gNIiE))/ capacit}j{ capacit}j{
(mAhg ) (mAh-g )

A 10 195.1 164.8

B 20 216.1 183.4

C 30 194.7 171.0

D 40 173.6 150.0

gr Bprak, SR A A R BROE AT IR A
NigsCoo2(OH), MRS s Bk BRAR Bl v W i 3k
8 mL/min, %3k 400 r/min, pH N 11.5, ZIKJE
h 20 g/L, SN 36 h, i NiggCog, (OH), F1HR
S JEIAH] 2.02 g/em’s

22 EiRE SRR

¥ LIOH-H,O 5 _EIRAAAAT T 75 2 (1) A ok 4
F4E} Nig sCop ,(OH), ## Li/(Ni+Co) 4 1.05:1 B LR &
AT RS 25258

3 AFIEIKREL T i H Nig gCoo 2(OH), #J1¥] SEM 14

Fig.3 SEM images of NiygCoy,(OH), powder synthesized at various NH; concentrations: (a) 5 g/L; (b) 20 g/L; (c): 30 g/L;

(d) 40 g/L
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B4 R[A S A A ) Nig sCop2(OH), 77 #I1%) SEM 1%

Fig.4 SEM images of Nij3Co(,(OH), powder synthesized for
different times: (a) 10 h; (b) 18 h; (c) 36 h

221 kEgAUR

B NP EA ] ND AR R A2e, T4
SEAEA, TR R B, BRRS B R
AR Ik, A RGP AR o R AR Y,
SR AS [ AU B AR BIURE IR 4 4 Sk
SEVERE AT, IR T 4GRS

Kl 5 Pras AEA A%, 400 mL/min AT 800
mL/min %GBT 750 C, mbEss 12 h s
LiNig §C00.,0, £t ) X AT . nTLAER], 724
)AL AR A B AORE i 82 2R o-NaFeO, 4544, H
TR TG BB R S A TR (2 AR, 50 HT
ZARANE LiCOs, MRy il & i 72, <
1) CO, SR SR A A A T RN MEE AR A

400 mL/min 1 800 mL/min I B34, B ZAF
7, 1] LSBT G E 20(006)/(102)F1(108)/(110) R, 13t
BA R St A R PR S T i R 5 4. HL 800 mL/min
PSR TR B, R AR & dh R 4f . gLk
GRS H AL 2R R RE (R 2), AR AN 800
mL/min JTA3FE i A2 E PERETEAR

I 800 mL/min
400 mL/min
A A b
Air
i L I W N T
0 10 2 30 40 50 60 70 80 O 100
20/(°)

B 5 RFRTVUR F OB LiNigsCon 0, 5 X 512EAT
ik
Fig.5 XRD patterns for LiNij3Co,,0, at different oxygen

atmospheres

F 2 AFREURE B LiNiggCoo,0, HH KA
i
Table 2 First charge-discharge capacity of LiNiygCo(,0,

prepared at various oxygen atmospheres

Oxygen flow/ First charge First discharge
(mL-min ") capacity/(mA-h-g”")  capacity/(mA-h-g )
0(Air) 143.1 102.4
400 198.2 173.4
800 201.6 185.3
222 JREIH

BARERECLE 4 1.05, A4 800 mL/min,
750 CHrHIKE4s 6. 9. 120 164 20 h. FifE =ik
AT AL DR . I 6 nT LLF HBE &5 I TR 1) B IR e
T HAL 25 i B A A8 4 I (] IR ZE K S B S N, B
4516 h I, PRI E OB A R, 153 190.4
mA-h/g, PEIILEESS I A1 FE 16 ho
223 kediiisE

S Li/(Ni+Co) A 1.05(BE/R EL), S8/ 0 B A
800 mL/min, 4> %I{E 650, 700, 750, 800. 850 CHF
B 16 h.o kXA [ e 25 U R A5 B0 FE A
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LiNipgC00,0, M X7 2k 7, 150
750 CE&AF NE AR BRI, UKL LA A
#1195 mA-h/g, BfJ5A PG, M5 R 850 C
I, B IR FR I H b 2 f A ORI BE TR P

42+
> 381
=
§ 34}
& ’ " —6h e
3.0+ v e—0h By
A—12h
2.6 L A v—16h
e —20h
22 1 I L I 1
0 50 100 150 200 250

Specific capacity/(mA-+h-g™1)

6 AN[FEBELs N )G A LiNig sCog 20, M E IR FE UL 2k
Fig.6  First charge/discharge curves for LiNiygCo,0, at

various sintering times
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28 ¢ v _g00C
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7 AFREEER G M LiNiggCog 20, FF i I IR 78 JEH
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Fig.7 First charge/discharge curves for LiNiggCog,0,

synthesized at various temperatures

N T TR, KR XRD AT 45 RAE T 404
1T Toosy/ Toromy A2 B8 IR (K L ELAR bR, 4R
Ko BHEFIRAFE RN (108)F1(110)X 45 55, w]
LABEHT LiNiggC00,0, B ZIREEMLT ;s cla {EFIHE
BLESR G RSB VRIS, 2 cla> /24 (4.899) M kT
GERRETERE R IFE &0, K 8 B W ARl B g
N2 LiNigCo0.0, ] X SEATHIE. ShsdE

PDF#87-1562(Lig9oNigo1)-  (Nig708C00202)02 & #4 —
e, oA £E 650 CHIT700 “CH33 AL S ATH 1A
A, (108)(110)UE 7 FEAR IR, nT AR LI 2R
SERIANTEDS, AR B A R ) o [ AR
B SECT AE TR . AR 3 ITER I, 750 C
FEIIRES cla AT LoosyToa[HHBIL BIER, VU] AL
kR, FHE TR, Bl rkaear ™, H
J& 850 C 13 B 1R S Ak 24 1 i 22 19 R IR IR A fiE
MG ZHAF BRI Ui o M348 Scherrer’s 77 %
3o XS ERATIT G T 1 2 (10 de i e T DA e b e e
L RASF () (RN 13,850 °C IR kit R~ ] A 11 B (1 48
e RIERTLLAERT, 850 C32IMIFE vtk R 22
{1 B DR AT BB b SR Rl PRI, S

S =3
=N =
e =
2|z 22
sl oSz .
ST T T 850 C
' T TG
| l I l 750 C
JUJ A «_A}:.(EC
0 20 40 60 80 100
20/(%)

8 Kﬁ%%éﬁﬁﬂfgéﬁi LiNiOAgCOOAzoz E],:] X E#éﬁ?{j%ﬁg
Fig.8 XRD patterns for LiNi;3Co,,0, at different sintering

temperatures

R 3 AFEELEEET LiNigsCoo,0, A 1 A2 B0
B
Table 3 Lattice parameters and grain sizes of LiNijgCo(,0,

samples at various sintering temperatures

Temperature/
T

a/nm c¢/nm cla t/nm 1003/1004

650 0.281300 135713 4.8245 424 1.18
700 0.281350 135742 48247 439 1.20
750 0.282473 1.40454 49428 553 1.29
800 0.288 080 1.42280 4.9388  58.7 1.17

850 0.287270 1.41783 49355 93.1 1.19
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RIME ORISR, AR T A 0 78 /- AT
Li [R5 500 80 3¢ e 7 B0 8 Pk R

gr bprik, Ot m e A R, A A R
LiNigsC0020, MR L 551 Li/(Ni+Co)=1.05,
AU 800 mL/min, FEEGUREN 750 C, FRE LRI
i IF) 16 ho

2.3 BB LiNiggCoy,0, RITERE

T fle 4 4 R 45 21 LiNig gCoo 0, HEAT HiL AL 2%
FEIH AT, B9 BT A FE i AR A R E IR CEL ) 78
W h g, HEkom A EIA ] 219.3 mAh/g, HIX
A A ] 195.4 mA-hg, EIRFBORECR 89.1%,
FEIA 50 UF I A AT REORFF 174 mA-h/g )44

Bl 10(a) BT s A4 T2 F BT 45 57 9K 48 Nigs-
Copa(OH),. W LLHH, R —, B KZHh 6~
8 um, ZriltELr, RERIE, T LIRS B A A 2
B EPIRGE . B 10b) BT N RS SUR R A
i E 800 mL/min), 750 CHikE 16 h Jo 14 31K
LiNiggC00,0,. " LAA H, LiNiggCog,0, £ il il ks
BeJa OREF T TSR ERIE IS, BRI Aty —, K
ZAE 8 um ZiAi, 0L BB R T 4 AT Stk 1
T, K2 0.5~1 um, PR, KWE, HEEA3)

] LiNij §Co,0, %QQ%EZEEQ/‘J 3.0 g/cm3o

Hi EDS W0 A3 81K 11), il Xt Be ™)
LiNigsC00,0, FEZEM] 3 ANl X 3 ) B R 7 73
B, ATLLE R, Ni Co IR BOERIEUN, &R
& LiNij §Co,0, *ZHUrEP Ni3+~ CO3+EE?2&%ULK@J
IR, Ni b Co IEE/RLEN 4:1.

44}
401
=
(5]
{=T4]
S 36f ;
s — | st
& e —10th
+—20th
32r v —30th
+ —40th
«—50th
28— '

1 1 1
0 50 100 150 200 250
Specific capacity/(mA-+h-g1)
9 750 ‘CHE4s 16 h LiNiggCoq,0, A IRIEIRKELI 78
EERiESS

Fig.9 Charge/discharge curves at various cycle numbers of
LiNij 3Cog,0; sintered at 750 ‘C for 16 h

10 AL T E 40 A RIIRMA NiggCooo(OH), 1 LiNiggCog,0, [f] SEM 1%
Fig.10 SEM images of Nij3Co0¢,(OH), (a) and LiNiygCoy,0; (b) powders at optimum conditions
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(a) (b)
(0] 0
Ni
Ni
Ni
H Ni
Co Co
0 6 8 10 0 2 4 8 10
ElkeV ElkeV
(c)
0
Sample Mass fraction/% x/%
_ No. o 'Ni o O Ni Co O
Ni
Ni A 54,10 12.95 32095 28.79 6.87 64.35
B 58.18 1426 27.56 33.53 8.18 58.29
C 56.17 13.82 30.02 31.19  7.64 61.17
Co
Whtpt P~ ; e
0 4 6 8 10

ElkeV

11 750 ‘CH5H% 16 h [IT#53 74 LiNigsCog,0, 1] EDS i

Fig.11 EDS analysis of LiNijgCo,,0, sintered at 750 ‘C for 16 h

P 4 AT % LiNig5C00,0, 1155 5% 0 [A]
#, mAHE T4 LiNiggCooo0, MR T 2. £0d
XRD. SEM. EDS 73 #8527 #) LiNiC00,0, [ fn A
GERLE, RLRE AT —, BRIBIESULS, HREG T ABE
IREL 4:1 395) 05 A o SR, PR ILF] 3.0 glom’s
HLAR 2R B, 72 s v R e R 3~4.3 V, 0.2 C
MRBCEAR R T, HE R A L] 219.3 mA-h/g,
A EIAE] 195 mA-h/g, B IR ATHERCR 89.75%,
50 ARG IRFF 174 mA-h/g (285, 2 BRI
F) 89.2%. MEHIAEIIEREA Rt — Pl id St T2
BB B KBS R D8 E.
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