F21BH M
Vol.21 No.9

TERERERFIR

The Chinese Journal of Nonferrous Metals

2011 29 H
Sep. 2011

TEHES: 1004-0609(2011)09-2175-07

'I%Eiﬂéiﬁfﬁﬁﬁ pH 1ES(¢ NiosCO()]Mn()l(OH)z &

LiNi()sC 00,1Mn0,102 'I":.E Lﬁ\lé H(] ?2 ﬂrﬂ]

TG, BHE, TAX, BAY, FEE & W, E 4

(PR REREE S TR, Kb 410083)

% FE: RHAPEILTE LR NigsCop Mno (OH), HIIKIE, FHATIRAS LIOH-H,O 1 ik AH 5153 15y
B IR IEAR A B LiNigsCog 1 Mng 104, 815 pH {EXT AP EHE M AR AL 2 PERE 2 . T8I X SFTZRATHH (XRD).
FH L BE(SEM) A AL 22 IR A A il BEAT 3R AIE o 25 SRR BH , pH (BN 11.00~12.00 I, A ) NiggCop  Mng (OH),
ATIRAIS T AAH s pH EA 11.50 B, & BRI ATSR PR 25 H A IEAR A RLEAT RAF I A EERE, 0.1C 53R T UK
M EL AN 192.4 mA-hg; 25 40 RAEHR, AEARAFE N 91.56%.

KR ST IEAAEL;  LiNiggCog Mng Oy; FEUTIES; pHH

RESES: TMI12.9; 0646 MHRFREED: A

Effect of pH value on performance of NiysCoy;Mny;(OH), and
LiNiy3Co0¢.1Mny 0, synthesized via fast co-precipitation process

WANG lJie-xi, LI Xin-hai, WANG Zhi-xing, LI Ling-jun, GUO Hua-jun, YUE Peng, WU Ling

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

Abstract: NiygCo, Mng (OH), precursors were synthesized by fast co-precipitation method and highly ordered layered
LiNiggCoy 1Mny ;O, was prepared by heat-treatment of NiygCoy ;Mng ;(OH), precursors and LiOH-H,O. The effect of pH
value on the structure and electrochemical properties of samples was studied. The prepared samples were characterized
by X-ray powder diffractometry(XRD), scanning electron microscopy(SEM) and electrochemical tests. The results show
that no impurities exist in the NiggCoy;Mng(OH), synthesized at pH value ranging from 11.00 to 12.00.
LiNiggCog.1Mny ;O, prepared from NiygCogMng;(OH), precursor synthesized under solution pH value of 11.50 shows
excellent electrochemical performance. The initial discharge capacity is 192.4 mA-h/g at 0.1C, and the capacity remains
91.56% after 40 cycles.
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IE T R WPR LA I LiNig§C0,0,, £ 3.0~4.3 V
H S DX TR PN 1 O EE A D 189 mAh/g: ZHANG
S U2VR Rl 3R SR U i A B A A 2R R R I
LiNi,3Coy3Mn, ;0. ¥ 8L, 7E 2.75~4.30 V HLE X [H] 4
TS EIA F] 159.7 mA-h/g, {F 2.75~4.50 V HLE X [A]
W% 196.9 mAh/g, TEIPERELS.
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1.1 LiNiysCo0y1Mn;0, Eqﬁ’ﬁi
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FIEEE R EE N 8:1:1 BCRSR 4 B WA By 2 mol/L IR 7K
s 2) BB RIBAE 50 C I TEIR /KB, 1F Ar
4SRN, ¥ NH;H,0 (2 mol/L) #1 NaOH (2 mol/L)
PRSI, IF ] pH (2088 E 78 11.004
11.30. 11.50. 11.80 A1 12.00; 3) F/r#ii#t:, KV 1 min
i, 1L9E; 4) JEEH pH {4 10.00~11.00 ff) NaOH
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o, JERASESR, B AGAE 480 IR S h, ARJEAE 750 C
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40 kV, A 250 mA, FIHETER] 260 ) 10°~85°), F|
FHFHEH85(SEM, JEOL, JISM—5600LV)*HE i i
AT 0T
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% — g (DMC)- Bl H LB (EMC) Rk IR £ JilE(EC)
TR BN WA (DMC . EMC FITEC /KRR EE 2 1:1:1),
W FRMRHE AR A TR N AL 2025 A0
S, SR I I i RS 34 7 e H gt e i e
DR, 7o WL Yl 2.7~4.3 Vo SRR ¢ U
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Table 1 Contents of Ni,Co,Mn in NiggCoy ;Mng ;(OH), prepared at different pH values

pH w(Ni)/% w(Co)/% w(Mn)/% w( Total)/% x(Ni): x(Co): x (Mn)
11.00 48.65 6.15 5.87 60.68 0.797:0.100:0.103
11.30 49.13 6.12 5.87 61.12 0.799:0.099:0.102
11.50 49.39 6.10 5.88 61.38 0.800:0.098:0.102
11.80 49.46 6.00 5.93 61.40 0.801:0.097:0.102
12.00 50.39 6.06 5.71 62.17 0.806:0.096:0.097
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P H B (K)AACRAEA B XA FE AR
Wi, Niv Cov Mn HUTHE S I AN A AL

2.2 ERFEYIRI XRD #1HH 53 #7
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Fig.1 XRD patterns of NiggCop;Mngy;(OH), prepared at
different pH values: (a) pH=11.00; (b) pH=11.30; (c) pH=11.50;
(d) pH=11.80; (e) pH=12.00
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Fig.2 XRD patterns of LiNijgCo;Mng 0, prepared at
different pH values: (a) pH=11.00; (b) pH=11.30; (c) pH=11.50;
(d) pH=11.80; (e) pH=12.00
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%*@; %% pH {EE‘J%D”’ 1(003)/1(104){E$H cla {Ei@%i%
IJE sk, 75 pHAR R 11.50 B[R] ik 2155 ME, Bl
FEdh ¢ FIFHE FIRHRERAR, 2R 5E% .

2 AF pH &AF T & 3 LiNiggCog 1 Mng O B i 1
R Loz L1041
Table 2 lattice

Comparison  of parameters  of

LiNiggCoy.;1Mng 10, synthesized at different pH values

Sample No. pH alA c/A cla  IoosyTaon
a 11.00 2.8723 14.1939 49416 1.4482
b 11.30 2.8661 14.1898 49509 1.4623
c 11.50 2.8657 14.1905 49518 1.5237
d 11.80 2.8647 14.1839 49513 1.5049
e 12.00 2.8646 14.1832 49511 14507

2.3 BRI SEM S

h THRGE pH AEX =R B RIE SRR, XA
] pH fH4MF F & A ET KA S LIOHH,O kel
LiNig §Cop 1Mng 1O, BEATHIHHLBE /34T, 3 4 A sl
3 7.

I 3 A%, B B LiNig gCop i Mng 1O, — K5
Fidi/IN, 29 300~500 nm, RALAMEINA . Skt
DUETT LA IR 12 h) & IR RRI42(500 nm~1
um FHEEG, %0575 A BRI 40 NS, Bt
pH {EITHE, &) LiNigsCop 1 Mng,; Oy K RRLIR
~F R BERE RERA, IX S AR SRR S 2 pH
RO, P RORL A SR RS AN B o FE BSR4
FNERS, X2 TEHI & ATk AR, SR I [,
UKL AE AN, ATITAE 5 B LiNig sCop.1Mng 1O,
EIARNES .

B 3 AR pH % fFF & KK
LiNiy sCog.1Mny, 10, ] SEM {4

Fig.3 SEM images of LiNijgCopMng,0,
prepared at different pH values: (a) pH=11.00;
(b) pH=11.30; (¢) pH=11.50; (d) pH=11.80;
(e) pH=12.00



F21EE M

TR, S PolLyiiE i 2 pH X NipsCoo.1Mno 1(OH), S LiNig sCoo.1Mng 1O 1k HE 15 1 2179
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4 U5 s il oA pH A& R AR
LiNipgCop.1Mng ;0, IEWAEHE 0.1C 55 FINE IR
R i 2R 78 s F A PR P o oA pH R 11,004 11,30,
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Fig.4 Initial charge-discharge curves of LiNiggCogMngy 0,
prepared at different pH values: P1—pH=11.00; P2—pH=11.30;
P3—pH=11.50; P4—pH=11.80; P5—pH=12.00
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Fig.5 Cycling performance of LiNijgCoyMng;0, prepared
at different pH wvalues: P1—pH=11.00; P2 — pH=11.30;
P3—pH=11.50; PA—pH=11.80; P5—pH=12.00

K 4 7 TLLEH, P1. P2, P3. P4l P5 UK
7o HL LA R A 231.1. 244.1. 254.9. 233.4 F11234.8
mA-h/g; JCHL LLAR 73900 178.3. 183.04 192.4, 177.0
A 172.1 mAh/gs EIRARIBERE DA 77.06%-
74.97%- 75.59%- 75.83%A173.30%. L P3 [{pIK

OB A e, BI pH (D 1150 I, BAE )
NipgCog.1Mng, ;(OH), HEOOK AR b R OB & W
LiNig §Coo.1Mng O, IEARFPELNE 788 i P g de

HEE S iTLAEH, 76 0.1C f5% N4 40 IR 0L
G35, P1. P2, P3. P4 Fll PS5 (7t REFA
79.6%, 85.79%, 91.56%, 82.1%FH 71.6%.

6 Tz iy P3 (FEIMR 22 . K 3 AT
153V ML MBI, A R e K
A MM AR RN T A AR R
I, HARARIEIAT 2900 3.90 V, T FERE S R PR
P, LRI R PR 3.84 V /ity g AR
ORI R s AR L BRI IR 28 IR FF AR . 3X
Tl WA PR S8 03 1T E S A 1 XA PG A v P g
Hg DR, HXPER G, BJA . ZIRIEIMR 2 2
JUTHE S, RYHESIE ) LiNigsCop, Mno 0, #1E}
o, B AR RN/ T R T BT B R R

gio boprak, W oa ok b opH {H X
Nig §C0o.1Mng 1(OH), 2 LiNisCop 1 Mng 1O, YEHE )5
B, 4 pH AEPEHILE 11.50 470, A LR AT
FPERER LiNi sCop 1 Mng 1O, IERAF KL

First cycle

Second cycle

'.'.

Current/mA

2.6 3.0 3.4 3.8 42 4.6
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6 FESH P3 IIEIMR
Fig.6 Cyclic voltammetry of sample P3
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NioAscooAanoAl(OH)z X LiNij sCop 1 Mny 10, %ﬁ*ﬁ E"] Eéﬁé
FE b A &5 kg, BT B 3G T D R A R
LiNipgCop 1 Mng ; O, M EL— ki 4i /N, 2974 300~500
nm, —JCOBRIBEE pH (L RITHE ISR, 45 )
LiNig§Coo 1Mng 0, F#fEIE Y a-NaFeO, #f55, HAH
FERHIZRGE ), RWIMABIRL  FEARES A A T
B SRR RS K B 2R 4, FEAIK LiNip sCop.1Mng 10,
FARHIBH &S 5 TRHFE L

3) ANJH] pHAE A A4 T 4 B LiNig gCoo 1 Mng O, HL AL
FPEREZESR BN, BA pH {EDA 11.50 450 1 43 i AT oK
M2 HY ) LiNig sCo.1Mng Oy TEARAA R bl 0 25 4 i
ge3%, WAL PERER L. 1ZAERAE 0.1C R A X
L2 A S T 192.4 mAh/g, 40 IRAGHR 5 75 it
FE%hy 91.56%, fEFL R IHEA HIL Mn®/Mn* (1)
Fedle, 2B n, MEHERETRUE
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