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PR e U . PR i, A 53 fiff FH B 4l .0 B i e AR A F it IE Al P [ Ni, AL(OH) , ] OH |
[ Co,AL(OH) , JNO; {7 5 e HEFC LE

| G 1

1.1 [Ni,Al(OH),,]OH {4l &

SEYR A AR IR R RS A A AR DY R S5 151 5 23 A 2R o M IRAR (K 1o RHR IR 52
AT , %5 (420 £30) g/m’, 25 B2 96. 5% , JEJE 1. 60 mm,

il 5 [ Niy, ALCOH) ,, | NO, # 5 5 SCHER [ 2 ] i 5 s AL . B 4% 11.5 ¢ Ni(NO, ), -6H,0,
4.2 g AI(NO, ), +9H,0 # AF 200 mL Wit (1) 5 B /K HIE BUR A ERVA T TR A Ar SR I 251
B NaOH #5302 FaRisi b, Jf PRt 24 pH (EAE 7 ~8 (255 1 h) 45 (R s 19 30 % 2 b i
7E 80 CNEIRAHE 8 ho SRFH SN G IR & W 7 A RV ik LA s R &2 b (2581 500 mL) |, %5
P RAHEAE IR 180 CRARHF 1 do FEm R B iR G , B iy g ok g e ik, IR 7E 80 C
FLAS T, BIAR[ Ni, ALCOH) |, INO F i

[ Ni,AL(OH) ,, ] OH ¥ it iy il 85 R B B 538 v - 72 N, SU0R$ T, 4% 1,50 g [ Ni, AI(OH) ,, NO,
HAZ] 100 mL %4 0. 36 ¢ NaOH U8R, 20 T HiHE 8 h JE b ig peik, IF7E 80 C 18 T4, 155
7= RIS [ Ni, ALCOH) o JOH #:4i%

1.2 [Co,Al(OH),,]NO, 1 #| &

# 2.6 g Co(NO,),-6H,0 F10.80 g AI(NO,),-9H,0(n(Co):n(Al) =4:1) 7F AF| 100 mL & T
KRB AR SR BIAAET K NaOH 800 3Ry v, I P £, >4 pH (HAE 7 ~8 4% 1k
T A BN A AP IRAE 80 CRHHE 8 h, X5 i I eIk, JF7E 80 C A5 T4, AIF5[ Co,AI(OH) ,, INO,
T
1.3 HFmEHS%ERIE

F il 25 FRAESE ] Rigaku D/max 2000/PC X SFHR AT S ( H A2 ) #E470 f , CuKo FE T (A =
0. 154 06 nm) , FAFEFE ] 3° ~60 °, FAFEHFE 10°/min, HLALF IR = AR R o (18R R Xt
e ; Al Hg/HgO (7 mol/L KOH) yZ: ML ;7 mol/L KOH /KW A AR . TAEFAR 45 7L F
FREC 50 mg [ Ni,AlI(OH) ,, JOH, #4531 433133 FHF U iy [ Co, AICOH) o I NO, Flf7 8511 5, FH%
4 mg RIHF LM (PTFE) ZLIA | mg JRPILLFAEZR N (CMC) , HHE L), IR A BRI 15 mm FYIEIK
B 7E 120 C R4t 40 min, 20 MPa (9 3 F OREFE 1 min i oA AR o 78 755 B0 2R 0030 f T LAND
2001CT BB R G A T [R) B 25 52 o A7 0 1 8 R0 K A5 28 1 B, >R FH 0% 78 O I BE 4T - S8 LA
800 mA/ g FL it %5 B2 7 FE 30 min, R J5 AH A L FE T L 2 0 V (FEXS T HgO/Hg HLER) LT 3E 5 Ik
TR YR 43 514E 800 mA/g F 75 HL 30 min J5 , 7F 2 000 .1 600 .800 400 F1200 mA/g [ HL 37 25 B R il , 7
5 WG ARG AR EEAE 800 mA/g I A R 20 K. BREFFIR Y S DMER, R DL E ORI R 4 3K
I JETE 800 mA/g 1Y FE i L L It 5 BE A TN . ) Z1S B RE LCR M (VAR BT ) I 5 #4 1Y
HL 8
1.4 BA&RELERRBREERS

AR =R =R R aiE E O R AR S ARy o T IERIR AT, 4> 25 © Flosisr
TERRHEC 7 v BT 7 He 3], HEIBUIELEE AN T R 1 -

X+ X, +xy =1 (1)
O0<ux <1(i=1,23) (2)

FALE FL O IR B AR ZETE (FR ) 2 it 25 10] , encoding space ) 8 TV Fll— L FL0 fORAUZRBEAS SL 5
X, =HZE =B RafE RO, 207k LUE = M8 N LAY | daith2s (B0 a8 i BUE (x, %, ,05) K
IE=MAIE AR R P A FLO AR . BATAEE 3 AT (1,1,0) ((1,0,1) F1(0,1,1) , PTIUR ) HoC s
(1/2,172,0) . (1/2,0,1/2) F1(0,1/2,1/2) , =T s W EECo A (173,173,173 ) 22 7 A XF F e faj B A AL
TR BRI A5 (1) A1 (2) AIE L, g0 e J (FRh H 2R 23 8], natural space ) H14$- 20 43 1) LU 5] 5 S B 25 1] 4%
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HLO AR BR—2 SHAIE R S U S PERE TR B o, AT DUMULE AR
¥ = byxy + byx, + byxy + byx x, + by %y + byXyxy + b3 X X005 (3)
A8 LA 5 5 32 [ A 75 R ] 3 T i 3 XN H B s O PR RE o FEIX ARG BT, D5 (3) 1 &3 AR H0mT
AR
b, =y,
b, =4y, -2(y, +y)(i,j =1,2351i <)) (4)
by =27y +3(y, + 92 +93) = 12(y; + 555 +¥2)

AT ARLCHEAX(3) GBI MIH TR Bt A 2 ed G il T s S SR E

Xy ,%,,% =0

X +x, +ay; =1 (5)
¥ = bixy + bywy + bywy + bpxx, 4 b3x, x5 + boyxyxy + by x,%;

max f(x)

ABFFE D, A B HARE TR AL 20 R 235 700 5 F R AT AR i R, AR s Rl b BIER @ b s A
B AR R BT & ] o Y ERAMECH @, SR RAER 32 251 (1) B2, R 1 - 20 A5 A o
B e T 4t 23 ] i) AL A A

x" =ai+xi(1—2ai) (6)

RE AR THCRER (3R 1) o @i A5 S g i A PERERE AR , 453 B2 i 2 (] A [ )9 205K (3) L 3R i
AL E I LA G FARIE A 2 (6) TS AL L 1 73 E o
*1 BAPELCIREHTRIBER

Table 1 Simplex centroid experimental design and the expermental results

Natural space Encoding space Discharge capacity of/ (mA+h-g~!)

x\/ % x5/ % x5/ % %, B X3 30th cycle 200th cycle
Y1 80 5 15 1 0 0 210.9 164.9
Y2 60 25 15 0 1 0 291.4 236.7
Y3 60 5 35 0 0 1 302.2 258.0
Y12 70 15 15 172 172 0 188.7 186.2
Y13 70 5 25 172 0 1/2 264.0 202.9
Y23 60 15 25 0 172 172 309.1 263.6
Y123 66.7 11.7 23.7 1/3 173 1/3 326.1 267.0

2 iR HiHE

2.1 5B XRD FR1E

[l 1 455 T [Ni,ALCOH) ,, JOH [ Co,Al(OH) ,, INO;fJ XRD [l , JLrp )4 [l 45 114 [l 3 7 30° ~ 70°
SR B % K 4% Nig AL(OH),, ] OH f) XRD (& 1 i £k o) 5 LLAT & % 00 245 5 — 5%,
[ Co,AL(OH) 1, | NO, Bt FISCRRAR 1 — B . RAS — e 2R A ALY, (A Co, AL(OH) ,, I NO; B
A XRD B TE 20y 30° ~40° 2 [l B IR X FRFIZRBERY (1 1 354k b) , X A Jd] T5 Ni,AL(OH) ,, ] OH
(1382 o) , BEHT ELAG BLAFAYZE Sk . 6T Xf B2 814 XRD #7506, I Checkeell 4R 7 %
EHEATGHESEATHE PR AL , 25 S R B, 2 R 1 PR B AR F 7S 7 2, 25 08 R 3M 48454k, it
TRFAY 2 FIEE S RIS o 1 e (5435129 0. 3002 37 nm A1 0. 311 2. 29 nm.
2.2 #&[Co,Al(OH),, INO, X[ Ni,Al( OH),, ] OH EB{L 2 AE RIS N

B 2 450 TN Co, AL(OH) o I NO; HIMR SR LG R BE , 3T 5 A TR 2 b4k i) RO SR P R AT
THFEE . R 4 AN RSB A2 Sy T DR 58 v W 35 R B, I IR 35 A8 T AR [ G H v i 2
TR (S 4) o Hor B4 2 o W T [ Co, AL(OH) o INO,FIAT 8 (1 Bt ; 2R b S {47
SO RN LR . RESIN Co, AL(OH) o I NO, B MM , 75 22850 26 YRR FR i it HiL b 75 fak 32 1) v
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Bl1 [Ni,AI(OH), JOH(a) FiI[ Co, AICOH) , INO,
(b) 19 XRD [&] (48 € 25 1 260 S 30° ~ T0° 3 Fl 1 R

&)
Fig. 1 XRD patterns of [ Ni;A1(OH),, ]OH(e) and

[Co, Al (OH),, ] NO; (b) ( The inserts show the
enlarged parts from 30° to 70° of the XRD patterns)
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Cycle number
K2 [Co,Al(OH),, JNO, Filf7 85 ( —# ¥ 10 mg)
AW (a) LhJeA1 55 (20 mg) (b) 2 FHEINFF
[ Ni,ALCOH) ,, | OHHLAR 1y FETR LG R fE
Fig.2  Cyclic performances of [ Ni, Al(OH),,] OH
with a mixture of 10 mg of [ Co, AI(OH),, ] NO; and
10 mg of graphite( ) and 20 mg of graphite(b) as the

conductive additive

{8 287.2 mA-h/g, B , HOAR AR U288 TR, 105 MRS OB e A 5 T e 125.8 mA -h/g,
PO TR 7Y 43. 8% o MTHSINL Co, ALCOH) 1o INO; MILAT 85 (1 HLAR 3 WA P15 T it 25 i ik 21 e
RAE 338.3 mA -h/g, Bl J5 750 L 728 5t B, BT [ 3 2212, 105 YA 36 5 T30 Lo 2 B A RE AR 7 TE
266.5 mA-h/g, SR ATRER 78. 8% o i T IFHEANL Co, ALCOH) o JNO, BYAE T, BE B8 fimsaDot
Mg i 2B A pumk, 1B T [ Niy,AL(OH) , | OH BEANME R T35 B3, %54 ( numbrs of exchanged electrons
per nickel atom,NEE, 18/ 3 NEE =3 6OOC8Xp/n,;EtDF‘ ,CexpﬂyEEjf&ﬁﬁ[Eﬁ,%?%, PLA-h/gil,n AT
TR B BRI A& F OERLE W E0 o P ml RUE 2, 3 [ Co, AL(OH) , INO, Hi i) 1) NEE f5
KAEZ1 R 1. 6, TABIZA B AR H) NEE S RME0 140 HE, 7E[ Ni, ALCOH) , ] OH B Hh s i
[ Co,AI(OH) ,, INO, J& , ANMAT AP v Al 1 37 Aok A%, o /] DA v W Al 1 ke vl Bl 25 o S5 00 PR
XA REE S5 [ Co, AL(OH) o INO,TEFEHL I B th B Bl AL, 3958 T Ll ) A G, A DTSR,
SRR T DA A TR i A P S AL R S P, AT 85 1 P IR A R 236 240 v, e AR TR I
2RSS ALY E G — 1 R SR AR, & BA R R P se R A8 1, vl LA/ R I
FU TR, AR FL A Y e, DT e F R AR AR E

MR , %3 T [ Co, ALCOH) 1o INO B LT 3.0 4. 55 x 10 7° S/m, [R) TR0 52 (1 K AR IR A7 B 1)
HL 2380 0.065 S/m,, AL, [ Co, AL(OH) o | NO ¥ it )T AN TN A0 85, Fi# 290 Je & /9 1714000, {H
S AR RHIR NG, B e R R T, Co® " AU B MY Co® " B Co' ", 7=/ i 3 HL 1) CoOOH , 1ij HL
J %A AT REFETE PR T [ Ni, ALCOH) \, JOH 4k, DA T 31 e 35 Ha 0 ) ST L PERE RO AR 720

MHEFE [ Co, ALCOH)  INO, R it B il L 28 5 1) Tk, 50 mg HL AR 21 R 9 [ Mgz AL(OH) ], CO; |
10 mg [ Co, AL(OH) ,, INO,FI 10 mg A7 55 K H B HUAR 0 il 4 H AR , SR T [R) R 1 5 i v ol B2 0647 78
JBCRBIETE , A5 R AN 3 s o AL 3A FRaf RIFE Y, [ Co, ALCOH) 1o I NO; FR 3 HL 25 R ZY7E 130 mA -h/g
(BA[ Co,AICOH) o ] NO; 155 1) 78 ikt HL HL 3 %85 B2 O 4 000 mA/g) , H 58 e i il £ (181 3B) v A7
[Ni,ALCOH) ,, JOHRJHL (V-5 , R B —FP i 2Rk R o 3555 UAT TAT Hy 50 mg [ Ni, ALCOH) ,, JOH
10 mg [ Co,AI(OH) ,, INO, F1 10 mg 755 K H T WA B8 0 Htl , 2 LA Niy, AL(OH) |, ] OH it
S HCHL 25 B O 300 mA - h/g I, 3% AR S BROECHE B il 300 x 0.05 = 1S mA - h, % 10 mg
[ Co,A1(OH) ,, INO, i FL 5 130 0. 01 = 1.3 mA-h, & G i A B0 1.3/15 =8. 7%,

K4 250 T 2 SIS Co, ALCOH) o JNO; 1) AR 28 3 AN [R] UCORAR 215 7 AN (] R Fi
W T B ERE. 5T A BT — B0, A AR ECH b7 B Bl A 5 H R U A S N o X T
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a8 __ [ ] (U []

90 L1 1 L L s 1 R L " L v
0 30 60 90 120 0 20 40 60 80 100 120 140

Cycle number Capacity/(mA -h-g™")

K3 [Co,AI(OH) o INO, LA B SIRFR RO R A () FISLBY A SERCAL N 2R (B)
Fig.3 The curve of discharged capacity of [ Co, AL(OH) ,, ]NO; versus cycle number(a) and the typical charge and
discharge curves(b)
The components of electrode:50 mg [ Mgy Al(OH)4 ],CO;, 10 mg [ Co, AlI(OH) ,, ]NO; and 10 mg graphite (other components are

remained the same)

[ Co, AL(OH) ,, ] NO, Fll 7 S5 (TR 5 SN0 1 Ha b (&1 44) L 7E 31 ~ 35 JFERIBIE],200 mA/g (Y HL I AT T
T 25N 327.6 mA <h/g,2 000 mA/g it L I b 28 5 K 277.8 mA - h/g, J5 3 L RT E AL AR T
15.2% ;1 81 ~85 HEFRMAE],200 mA/g T b 2854 301. 6 mA -h/g,2 000 mA/g JiH Ik i, o 28 1
4253.3 mA-h/g, 5 LR AREAR T 16. 0% o X T4 A A A 0 vl (& 4B)  ZEDE PR 0130 1) K
TR BE F A I AN, 78 31 ~ 35 A IR ], 200 mA/g 0 H ISR B 28 R 295.4 mA - h/g,
2000 mA/ g/t LI LU A iy 241, 1 mA -h/g, J5 3 LRI ARG 1 18. 4% S (HJ2 BEE IR B4
HUR K HEL 3 K FRL R B 45 fk. BN, 7E 81 ~ 85 i B T I, 200 mA/g i HL A R bl 2R S
258.5 mA-h/g,2 000 mA/ gt Il H HE 2 FE o 115. 1 mA-h/g, B & WG KT 55.5% . XTI, A&
WFFEEHL T [ Co, ALCOH) (o INO,FIAT S IR G YN SRR, WF5E T BT BB L .

300
340 ".\'\ y .\’\ 31~35 B
. 6~10 A . ~
..\ \-\. = .\:\ \.
= a0k N\, W 2T \\. 6~10 T
o0
. L -: | -
= _:\ \. P T
g 300 31~35 g 200f 56~60
2 56~60 3 r
e — g
S L 81~85 S 150 81~85
2601 \:\A - \
] X 1 N ! N |\Y 100 L 1 N 1 N ) N 1 . 1
400 300 1200 1600 2000 400 300 1200 1600 2000
Current destiny/(mA . g™ ") Current destiny/(mA . g™ ')

B4 @m(a) MATMCS) [ Co, ALCOH) , INO; (i HAR 23 HIFES 6 ~ 10,31 ~ 35,56 ~ 60 F1 81 ~ 85 YKAFFF i}
(5182 BOFEERXS I ) AN]R8 BE T [ N, ALCOH) (o J OHL HEAR B4 i L A E
Fig.4 Variations of capacity vs different discharge current density of the electrode without addition(a) and with the

addition(b) of [ Co,Al1( OH) ,, ]NO, during the 6 ~10, 31 ~35, 56 ~60 and 81 ~ 85 cycles(see Fig.2) , respectively

2.3 BARELERTHRREERT
AFELAL NI, AICOH) ,, JOH [ Co, AI(OH) ,, INO; 1A 2519 T 53500 0. 6.,0. 05 F1 0. 15 #t47 140
FEHRLBEE R 1 H s 1.2 F13 950K [Ni, ALCOH) , JOH [ Co, AI(OH ), JNO; Ail£7 88, 2875 1] A
N BR UL AR 2 i B LR AE 30 YR 200 URAEERIN A FL A RN PR RESR B
i N A F PR A AR B 3 B8 T R IR O A B S R I E AR L 0 e 2 T S AR YRR
AR 30 AR H A i S R UK
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y =210. 9%, +291. 4%, +302. 2%, —249. 8x,x, +29. 8x,x; +49. 2x,x, +2076. 6x,x,x,4
FRA S SRAT A GLSR R 40 B K v, =20.32% v, =32 66% v, =47. 01% ,$53%(6) HHAH 53 Fif
AL A 43 cx', =60% +0. 2032 x20% =64.06% ,x', =5% +0.3266 x20% =11.53% ,x'y =15% +

0.4701 x20% =24.40% ,

[ 3,200 YRAGFR G I HE A 5 R A 6

y =164.9x, +236. Tx, +258x; —58. 4x,x, —34. 2x,x; +65x,x; + 1355. 4x,x,x,
RAEZFCRIG AL W e L 03 FEOA %, =22.25% %, =36.34% ,x; =41.40% , il B4 40 B F
FL AR PRI 3 RS A T A e &) =60% +0. 2225 x20% =64.45% ,x', =5% +0.3634 x

20% = 12.27% , x'y = 15% + 0.4140 x 20% =
23.28% . &5 g5 T IRl O B I SE 5
et 7 ] FELAR A 0 24 e Fi il 2 TR s &5 o8 T {6
55 30 YCHNEE 200 YRCHE 25 D010 0 FEL AR T O o A%
HLAR G20 e T £k o ¢ 30 WA A )5 IR L
HA U AR A P F A, 10 AE b AR (BT S
£ b)), B B T A R A 8 64. 07 % 1Y
[ Ni,Al(OH),, ]OH,11.53% [ Co,AL(OH) ,, ] NO,
H124.40% M/ 55 IZH 11 IRDGIA G i H 258 1 ik
SN ARAE 317 mA-h/g, [ 5 HU AR 14 755 H b 25 o 740 T
TR, 30 WAE FR G I M TR R A R
311 mA-h/g, J & K 25 R H 1 98. 1% ;200 YK 1§ Fh
JEZ5 R 267.8 mA -h/g, K f KAE ) 84.5% o H%
200 YRAFFR 5 1 55 H 2 A A 114 R AR R A 1 5 114
HLR T 1 AR (I S il ), F AR dr v & o
T8 64.45% [ [ Ni, AL(OH),, ] OH,12.27% 1y
[ Co, Al (OH),, | NO, I 23.28% [ i 3. % stk
LT RAGIA G CH B 45 3 36 Jie K 305.0 mA - h/g,
Wi Fe P AR P TP B R B 8 T R, 30 IR 3R 5 1Y

QAN O~

Capacity/(mA -h-g™")

0 50 100 150 200
Cycle number

BlS #MPAIEE.OEITERET v (a), 5
(6), ys(e) sy (d), yis(e), yas ()l yis (&) Bad
%530 YC(h) F1200 W (2) 16 B ik r 28 A0 A 1 H Al
[ (R B CEREAN S

Fig.5 Cyclic performances of the y, (a), y,(b), v,

(e), yu(d), yi3(e), ;5 (f) and y;55(g) electrodes
according to simplex centroid experimental design and
two optimized electrodes by the capacities of the 30th
(h) and 200th(i) cycles, respectively

JUCHL FE AN 293. 9 mA b/ g, i R AR E(EL Y 96. 4% 5200 IRAEHH G R FL A5 R 270. 5 mA -h/g,
ERAE Y 88. 7% o VA 2 A YA i PERE AR PR PE RS 0 T 7 A4 BRSCHR C Uy il 48 (4 v A

AE, X U W B2 SR it 4 th TR AR

6 45 1 h B A AR AR e AN R R B, FE AN TR L L i 2 T IO YERE . S E A BT

340

'_-\
32008 N\,

300—\

- <
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- NO\.
280 \¢\A

I 81~85
L 106~110 T

y

Capacity/(mA -h-g™")

/

260

1 " 1 " 1 n 1 1
400 800 1200 1600 2000
Current destiny /(mA . g™ ')

Capacity/(mA -h-g™!)

320" 2
310—\
[ ]

300 6~10
L \1~35
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L 106~1N
—
280 \.\.
81~85  —
F S ——
1 " n n

—
270 L

1 1 1 1
400 800 1200 1600 2000

Current destiny /(mA . g™ ')

K16 h IR (A)F i MR (B) TEAS [F] L it 5 B i L L fE
Fig. 6 Variations of capacity vs different discharge current density of h(A) and i(B) electrodes
the numbers in the figure are refered to 6 ~10, 31 ~35, 56 ~60, 81 ~85 and 106 ~ 110 cycles in Fig. 5, respectively
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8B, AR U 25 S A A 5 PR FEL I 3 B S I T /N o ZEG PR 49T, b R R 1) K v i 0 R 1 BB S 4T
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An Additive for Nickel

The Charge and Discharge Properties and the Optimum
Formulation of a Positive Electrode of Nickel
Metal Hydride Batteries

YANG Zhiyu, HU Meng, JI Xiaodan, LEI Lixu "
(School of Chemistry and Chemical Engineering ,Southeast University , Nanjing 211189)

Abstract Two layered double hydroxides, [ Ni,Al(OH),, ]OH and [ Co,A1( OH),,]NO,, were synthesized
by chemical co-precipitation. The former was used as the active material and the latter as well as graphite were
used as the conductive additives, respectively. The optimum ratio of the three materials in a positive electrode
was estimated through the simplex-centroid design to improve the charge/discharge properties efficiently at a
high current density. When the mass fractions of [ Ni,A1(OH) ,, JOH, [ Co,AI(OH),,]NO, and graphite are
64.45% , 12.27% and 23.28% , respectively, the discharge capacity can retain 270. 5 mA -h/g(88.7% of
the maximum) after 200 cycles at a current density of 800 mA/g.

Keywords [ Ni,Al(OH),,]OH,[ Ni,Al(OH) ,, ]NO,,simplex-centroid design,charge and discharge at high

current density



