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Investigation of Physical Mechanism for Electric Conduction during
Charge-discharge Process in MH/Ni Battery

Li, Yuxia Yang, Chuanzheng™ Lou, Yuwan Xia, Baojia
(Shanghai Institute of Micro-system and Information Technology, Chinese Academy of Sciences, Shanghai 200050)

Abstract The structure and microstructure changes of electrode active materials, f-Ni(OH), and ABs al-
loy, during the charge and discharge processes have been studied detailed by means of X-ray diffraction
(XRD). Physical behavior of electrode active materials and the physical conductive mechanism have been
discussed. It has been found that the phase transformation from £-Ni(OH), to f-NiOOH do not be observed
during the charge process. Until full charge or over charge, partial f-Ni(OH), is transformed into y-NiOOH
and both the phases f-Ni(OH), and y-NiOOH always co-existed. During the process of charge, H' is not
offered by the phase transformation from f-Ni(OH), to f-NiOOH, but by the hydrogen atom disengaging
from lattice position of f-Ni(OH),. In the side of negative electrode, solid solution of ABs-H is formed by
hydrogen atom inserting into interstitial positions of the ABs lattice. ABsH, is formed only when volume
change of ABs reached certain percent. These processes make microstructure of the electrode active materi-
als to occur change and such changes are not fully reversible. To be brief, the physical conductive mecha-
nism of MH/Ni batteries is the directional migrating and moving of hydrogen ions between the positive and
negative electrodes because hydrogen atoms are inserting into and deviating from the f-Ni(OH), and ABs.
Keywords MH/Ni battery; electrode active material; microstructure; conductive mechanism; X-ray dif-
fraction (XRD)
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Table 1 Number of samples and charge-discharge parameters

Sample No. 1 2 3 4 5 6 7 8 9 10 11
0.2 C Charge time/h 0 1.5 25 5.0 6.0 60 60 60 80 240 480
0.2 C Charge percent/% 0 30 50 100 120 120 120 120 140 480 960

0.2 C Discharge time after charge/h
0.2 C Discharge after charge/%

Non-discharge percent/%

0 25 35 50
0 50 70 100
120 70 50 20
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Table 2 Analysis results of XRD data for six f-Ni(OH), samples

Sample state Exist phases Bipiow + Bionign  1y-003 1p-001
Non-charge p-Ni(OH), 1
0.2 C charge 50% S-Ni(OH),+a few CoO+Co030, 1
0.2 C charge 100% Serious distortion -Ni(OH), 1.48
0.2 C charge 140% Serious distortion -Ni(OH),+a few p-NiOOH+few CoO—+Co30, 1.64 0.03
0.1 C charge 480% S-Ni(OH),+muchness y-NiOOH +few CoO—+Co304 1 0.28

0.2 C charge 100% discharge 50% B-Ni(OH),+few CoO+ Co050,

»-NiOOH

0.1 C-480%

0.2 C-140%
0.2 C-100%

0.2 C-50%

0%
T T T T T T T T T 1

10 20 30 40 50 60 70
20/(%)

B 1 EBGETEM R B-Ni(OH), ANIF 78 HiF BE I XRD [ 1
Figure 1 The XRD patterns of positive active material, f-
Ni(OH),, under different steps of charge
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Figure 2 The XRD patterns of positive active material, f-
Ni(OH),, under several steps of charge (a) and discharge (b)

K3 S-Ni(OH) A kL S H s
Table 3 The grain size data of f-Ni(OH),

Grain size/nm D1 Digo D10o/Door
0 18.3 50.6 2.768
30 19.0 42.7 2.247
Charge percent/% 50 19.1 44.3 2.319
100 14.8 21.8 1.473
120 14.6 19.9 1.363
50 18.0 27.2 1.511
Discharge percent/% 70 17.0 27.1 1.594

100 18.4 28.5 1.549




904 27 2E R Vol. 67, 2009
3.130 4
10 | @ o
1 3.125 1 m_ Discharge
0.8 {1 =
] ~ 3120+ \
z 061 = ] '\
Q& j P | 't
§ 0.4 4 = 3.115
= | 3 ]
3.1104
0.2 . | Charge
] | |
0.0 3.105 4
T T T T T T T T T T 1 T 1 Tt T T T T T T T T
0 200 400 600 800 1000 0 20 40 60 80 100 120
Over-discharge/% Charge (x%), Discharge (120-x)%
B3 I Nioon-003/Ip-Nicom-001 Bt 78 i 1T 2 F A2 A 467 (b) -
Figure 3 The changes of Iy-NiOOH-003/Iﬁ-Ni(OH)2001 with over- 466 1
charge percent ]
4.65 4
16 E 4.64 1 «
i - 1 .
4l % 4.63 1 /
1 3 4.62 4 . Charge
12 4 ]
i 4614 Discharge
g ]
= 10
) i 4.60 - ¥
=3 8 |
S ] 4.59 T T T T T T T T T 1
6 0 20 40 60 80 100 120
7 ]
4 Charge (x%), Discharge (120-x)%
] [ ]
24— B 5 B-Ni(OH), #HI¥ s S5 a () ¢ ()bl 78 i S R R AR

T T T T T T T T T M
0 200 400 600 800 1000
Over-charge/%

Bl 4 y-NiOOH AH[1I[003 17 Ii] {1 i bor S5 i o 7 v 17 4 B 1) 22
e
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Figure 5 The changes of lattice parameters, a (a) and ¢ (b), for
S-Ni(OH), during charge and discharge process
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Figure 6 The changes of Dyyerage (2), €average (b) and (fp+-/7) (c)
during charge-discharge process
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Figure 7 The XRD patterns of negative active material, ABs,
under several steps of charge (a) and discharge (b)
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Table 4 Analysis of X-ray photoelectron energy spectroscopic data for 5-Ni(OH),

C-1s/eV Ni-2p;,/eV Standard data/eV
Standard ~ Exp.  Correct value Exp. After correct Ni Ni(OH), NiOOH NiO
P-A Non-charge 287.5 —2.7 858.7 856.0 . .
£ 8527 836.2 858.2 854

P-C Charge 50% 284.6 285.9 —1.3 855.9 854.6 852 856.0
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Tabel 5 The relative data of positive active material, f-Ni(OH),, f-NiOOH and y-NiOOH

B-Ni(OH), B-NiOOH y»-NiOOH
Hexagonal P-3m1 Hexagonal Hexagonal

PDF card No. 03-0177 06-0141 06-0075
Value state of Ni Ni'? Ni? Ni?
a/nm 0.3126 0.281 0.2818
c/nm 0.4605 0.484 2.0569
V/nm® 0.03897 0.033096 0.141453
Change ratio of cell volume/% 0.0 —15.07 +262.98
Density p/(gecm °) 3.948 4.62 3.890
Molecule number/cell 1 1 4
V(nm®)/molecule 0.03897 0.0331 0.03536
Change ratio of volume/molecule 0.0% —15.1% —9.3%
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6 LaNisH, S ESHE a, c A HAF V BE x 117324k
Tabel 6 The changes of parameters a, ¢ and cell volume V for LaNisH, and MmB;sH, with x

PDF

s« value in LaNigH, _card No. Space group a/nm  ¢/nm  Vmm®  (V—V)/Vo(%) Charge/% Vim®  (V—Vy)/V, (%)

Data of LaNisH, data in Reference MmB;H, (this experimental)

0.00 42-1191  P6/mmm  0.5013 0.3984 0.08668 0.0 0.088148 0.00

0.15 33-0518  P6/mmm  0.5025 0.3988 0.08721 0.6 0.2C 50 0.088183 0.04

0.26 83-2139  P6/mmm  0.5025 0.3988 0.08721 0.6 0.2C 100  0.088289 0.16

0.40 84-1312  P6/mmm  0.5025 0.3991 0.08727 0.68 0.2C 140  0.088390 0.27

3.00 80-307  P6/mmm  0.5302 0.4066 0.09898 14.19 0.1C 480 0.088614 0.53

3.12 79-2070  P6/mmm  0.5302 0.4066 0.09898 14.19

N 1.0%, R x=0.40 EAALE R BRALE. HILE
Sk, RIAEI 70 HIA 140%, SR T8 &AL TEBRAL B, 1
KRIC A, (2) 70 AT 78 vk R AT SRR A Al A
e, TRl B B50C8 T SR IR ARON: TR A (3) i il e — M
Ll PR R, AR IR SRR IR [, R B AEAE RS T]
TPk
3.3 MH/Ni Bt FE 15 B3 42 5 8 RO IR AN )

75 Ni/MH HL A5 1 5, 1966 4 Bode 51 A N
FTRCHL IR A AR AR AR TR B RN

F-NI(OH), <22 0r-3Ni(OH)2H,0

1 KOH

el y-NiOOH

IR

S-NiOOH

HH a-3Ni(OH),»2H,0 2 Fa e &9, /N5 450,
P3m B, HESH a=534 A, c=8.09 A, PDF 54
22-0444. R HRAT 078 BRIk 27 S

IEA% b4
B-Ni(OH),+OH— M+H,0+e—
st B-NiOOH+H,0+e MH+OH"
\ B-NiOOH+H,0+e— MH+OH—
L B-Ni(OH),+OH" M+H,0+e
o M+ - Ni(OH), <

MH+ /- NiOOH

MR A 25 SN R A (1) 7 HURE R R Rk A
B-Ni(OH), —B-NiOOH #4Z, H" &1 Hix FiAH AL R H2 it
QfEF IR KA ABs—ABsH(ZULY) IS, (3)
IRPR AR S g AR . X A B AR AR 45
AT . A SISO S e I B4 78 Fd R A A
B-Ni(OH),—A-NiOOH AH4%, H-2 H A& HAHAR KL
A S B RIF AR AT AL B S (ABSH) I TE R, 4870
FE 78 AR R IR B 23 B2 & IR, R IR FRAT T A
AT 5 11 SI2 06 &5 SR 0 1E SRR G I A e A Pt 7 b Jod

FIAT ki 1 MH/NG Ha it S e () 4 B R R BB

MH/Ni Lt 1) 78 FE A DA 57 80— H 5 5 T s
1), fEHRBIVERT, WS KOH F/8 NaOH 2
it H Bl - U ST, HEN ABs B e NTT
(R T B, 4k 5 B A5 45 ) B R M IE A ) £ A%
TR, M8 QL IE - R T H 3 IR PRI,
HLERTE DT B-Ni(OH), HHARE 2¢ df K27 B 1 H
JAF B TT B-Ni(OH), AUFE, i 1E AR - FE i A e N
W, IXFEIERIER—14 H 73 I miBE, ifl—i H
JEFARAN ABs £ & [IBRAL B 1K H 81 M IEARE 1) M
AR A R SR DAY NGO HM1:2:2
DREN 1 D2 01 RIRA &R AE B-Ni(OH), #| p-NiOOH ¥4
A%, B-Ni(OH), F1 p-NiOOH P AHIEAF, M43 MH/Ni Hiith
AWK R, it R EUR) RN, A2 fE itk
TEPEY BT T ABSH,.

TP L R DA T B — F AR S T TR AR ), T ) i
W (KOH +NaOH) — Il 1) &0 25 171 J 1m) Hi 37 (1 A/ R [
1k 2] B-Ni(OH), (1) 2¢ 07 E, 325 A 1 1) PR — 40 125
TRPBEPRAG, T2 R A B 1 AR k) TE A (15 1) 1
B, XIS R R ST S IR PR, ABs 4
AL AE [R) B B I SR O SE B TF, IR OB HRLIN A
B NTRE 7 ) IE RS, HIX R il Ik B 5
SPATI, RRT IR  FE T A M SOR E
FEEE, A KA ABSH, I3 it th &R 1

IR AR IEARTEPERRE B-Ni(OH), H 1 It ik
FET R 3) 25068 1T SRS PERDRLE 5 . R 2
JF B-Ni(OH), s, AFH S A a A o TN AR FNHESE
ToFr (HER 24 R AR Bk, AR 78 Sl 1
MR ABs 4 PR AR B B2 4F ABs & 411 55 b
ZH a, ¢ FRHNVAE & KA B AR L.

4 it

(1) MH/Ni WLy 5 il e il B & &k 4B B-
Ni(OH), < B-NiOOH [FJAHAE, H AT it 78 H I A R A3

s N
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MH/Ni HLith 78 5 F e e 5 FL A BB L R 909

4% B-Ni(OH), < y-NiOOH [¥H14, 1 y-NiOOH A
B-Ni(OH), P AH A7

(2) MH/Ni Hajth /e 78 O R Y, — OB 23 T Ik
S ABsH,, MITFUAHE 2 A0 M B U LAR B 7
R EEALE ABs 1 A B,

(3) 7 7 WL ok B A R AR OE AR PR A i R AR
B-Ni(OH), —~ -NiOOH [ A4 A 4 1L &0 5, 177 42 i
B-Ni(OH), "5 1M es s B B, 52, st
PSR TAE B-Ni(OH), LBk A [mlpd #7857k,
ST Z LU B E A 1 Ui\ ABs 7545, 2 ABs
PR & I AN LR R e i — 2 A S T AL
).

(4) MH/Ni Haith () B F L2 A 1 SR PR A
b i N0 Ik 1) 0 A R I R S [l i BB A2 B
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