%32 B 10 W Tl 1k 2% 2 Eild Vol.32 No.10
2016 4£ 10 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 1693-1703

Ry
HENEE AWM &R EE R FMEeETusaI i A

*

H

B2 AR Ay M2 BAKEM F 452
(FEaRFEESRIERR, KD 410083)
CHABRFHAELHALREAALRE, LT 100084)
CHRERFHMAELT T ELFERE LT 100084)
(FAewIBRFMAFE, LT 100044)

E ., BN E ALY MCo04(M=Ni Zn Mn 55)BE4k R T 8 —ff & J8 S ALY (Cos0, . CoO %) LAt AL st , XLGIA T B
VG R OT R TR I R e 22 | AR RE R A B, R — B TR AR DL AL A B RE AR . AL AR T NiCo,0,.
7nCo0,0, MnCo,0, 55 5l HE X4 Ja S A W J H 52 5 W 0 BRAT T 90 (45 11 4 7 1 TSR A ORE RS B H AR 2= PR ), B T ek
PET- B al BEVEDLEE I X Bl 5000 8 S AL Wy e Setb ot il 7 — 28/ 3k

KRB BEEEXLE R A s A TEAL otk B TR RE
HESES.: 0646; 0614.8172 LHERFRIRAD . A XEHS . 1001-4861(2016)10-1693-11
DOI:10.11862/CJIC.2016.244

Preparation of Cobalt-Based Bi-Metal-Oxides and the Application
in the Field of Electrochemical Energy Storage

HUANG Guo-Yong'? XU Sheng-Ming** YANG Yue’ CHENG Yong-Bin** LI Juan®
("School of Metallurgy and Environment, Central South University, Changsha 410083, China)
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)
(Beijing Key Lab of Fine Ceramics, Tsinghua University, Beijing 100084, China)

(*School of Science, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The development of new electrode materials are required due to the high performance Li-ion batteries
(LIBs) and supercapacitors (SCs) for application in electric vehicles (EVs) and hybrid electric vehicles (HEVs).
Among a wide variety of electrode materials, transition metal oxides (Co;04 CoO, NiO, et al.) are accounted as
promising ones for both LIBs and SCs owing to the high theoretical capacities. However, its practical use is
hindered because of the low electronic conductivity, the large volume change during charge/recharge progress and
fair rate capability. With the purpose to improve the electrochemical performance, many researchers have focused
on studying cobalt-based bi-metal-oxides (MCo0,0,, M=Ni, Mn, Zn, et al.) due to the chemical and thermal
stability, low cost and good electrical conductivity. Therefore, it is meaningful to review the recent development of
MCo,0, in the field of electrochemical energy storage including their energy densities, cycling stability and rate
capability. In this paper, the recent advances of MCo,0, and these composites as electrode materials of LIBs and

SCs are reviewed. The researches are classified by types, preparation method and characteristics of materials
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including NiCo,0,, ZnCo,0,, MnCo,0,, and so on. Their advantages and disadvantages are summarized and the

possible electrochemical reaction mechanisms are explained. In addition, it is also discussed how to improve the

electrochemical performance of MCo,0, in the future.

Keywords: cobalt-based bi-metal-oxides; preparation method; morphology; modification; electrochemical energy storage
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Bl 1 (a, b) NiCo,0, 1Y SEM E J; (c, d) NiCo,0, 1Y
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Fig.1 (a, b) SEM images of the NiCo,Oy; (c, d)

Electrochemical performance of NiCo0,0,*

o

I mA-em?2 54T LA R 161 mF-em?, HT#
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Table 1 Comparison of the performance of different NiCo,O, materials used in supercapacitor

Morphology Capacity / (F-g™) Current density / (A-g™) Cycles Ref.
Nanosheets 264 1 3 000 14
Array 1058 2 8 000 15
Urchins 1200 8 2 000 16
Spheres 1252 2 3 000 17
3D network 487 10 3 500 20
Porous corals 209 1 600 21
Porous nanotubes 1260 25 3 000 22
Porous nanofibers 697 1 3 000 24
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Table 2 Comparison of the performance of different NiCo,O, materials used in Li-ion batteries

Morphology Specific capacity / (mAh-g”) Current density / (A-g") Cycles Ref.
Porous spheres 705 038 500 27
Porous flowers 939 0.1 60 28
Sub-micro spheres 550 0.1 100 29
Nano array 2025 0.1 — 30

mA -em? SFAFN, BIG R LA RN 1 509 mAh-
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R EA BN RZ B 192 Q), Mohamed
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SEE 1 R AUK B A T 2 ALAEAR ZnCoy0, UK
BRCPHHERAN 1.2 pm), 7507 A-g' £ T, &
YR L 2S5 1 209 mAh-g™, 1 000 AR5 |, Al 3
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1 366 mAh-g™,200 KIEI 5, Al 3 b2 & AT e ik
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Table 3 Comparison of the performance of different ZnCo,O, materials used in Li-ion batteries

Morphology Specific capacity / (mAh-g™) Current density / (A-g™) Cycles Ref.
Nanorods 767 0.2 50 31
Porous spheres 856 0.7 1 000 33
3D spheres 721 0.1 80 36
Pineapples 800 1 200 37
Porous nanorods 937 0.2 100 38
Porous nanosheets 1275 0.1 50 39
Urchins 1 180 0.18 100 41
Nanotubes 794 2.0 30 42
Spheres 950 0.2 100 43
3D array 932 1 50 45
2D Nanosheets 960 0.2 200 46

2t R F IR B 45 T ZnCo,0, 1K FURL (15~20
nm), TE 60 mA-g” S&0F T, MBS 25 CFI 55
CHF, HE WAl 75 5 43002 900 F1 960 mAh -
g, BURESUE BUF , Qu SRR PN 7E Ni 96 1 2E
KT =4 ZnCoy0, AIKLL SRR IS B AR GIOKR L ALK
TEAAES, FE 1 A-g' ST, 50 RAIEH G, LA
HANPREE R 932 mAh-g™', Zhu SFR F 0 75 G K
T A ZnCo,0, YK EIRPI (R TR A 181
m?-g™), 7E 200 mA-g™ ZAF T, 200 GG, W] 0
P AR RE LY 960 mAh-g™', F T4 B i
IR KA ZnCo)0, PEREXS HEIF WL 3 FiR
7ZnCo,0, TE 8 2 B, 75 78 A5 38 v, FH i :Huang
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POLE G BT HALZEM ZnCo,0, 91K Fr, HAE 20 A-
g R, AN 1691 F-g,5 000 IKTEFF 5,
P A R PR RF R R T 75% ., Lin 551908 2 ¥ 71 $1 il
2 TAHN ZnCo0, KL, FE1 Ao 551FTF 1L
HLZSZ90 1400 F-g'; £ 6 A-g?' 551FF 1 000 X
TEI G A 3% 28 4K . Wang 5550058 i ¥ 57

PIEG T Z4L ZnCo0, WOKIER(EAE 5~10 wm), H:
TE 10 A-g?' 60T, HEHAN 440.6 F-g',2 000 K
TEIR G, OH AR AN 8%, Bao S5V i B4R
BAE NI 8 B35 E R T AL ZnCo,0, 92K 7 BES
HAE30 A-g' ST, FLHZA R 1850 F-g',1 500
WIERRE | AR RN 96.3% T 9 HL 75 4%
(R TRI 28R ZnCoy0, T REXT LE 1 WL 2 4 iR

g, il ZnCoy0, B H HIJT AT 88 2K
ok R P SR ik M O A R AR I
WL 2 22 12 55 L ZinCoy0, 1 TR 45 4 32 22 5 %
PR AR R R ERCR B BB N A R T
WU, B AR ZnCo,0, WY LA A 1
i (Rel R R k) U B FH—1 Co0, 5
CoOHo1-131 {H H Hb 75 1 ZE WAL T NiCo,0,,
1.3 MnCo,O, AR E R R EAEBLFHEH

v FH

MK Z AT R IE B T
a7/ N oY S ko VAN R VA % G K (R 3
(LR | $E T H A~ PR BE L Huang 2550 i 7K k&
BT B B 5 A A 5 v BE B BE B MinCo,0, TOK
BR(Kh 2.5~4.5 um, I 1.5~2.5 pm; S 52 2R
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Table 4 Comparison of the performance of different ZnCo,0, materials used in supercapacitor

Morphology Capacity / (F-g™) Current density / (A-g™) Cycles Ref.
Nanorobs 577.9 1 3 000 47
Nanosheets 1268 20 5 000 48
Nanofibers 1020 6 1 000 49
Porous spheres 405 10 2 000 50
Nanosheets array 1780 30 1 500 51
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200~300 nm; #7250 & 2w T NE), 7E 0.1 Al
0.4 A-g”' ZFMFN, BUIH AR 1 433.3
FI1248.4 mAh-g ;60 RAIGH G, A3 bb 25 1 43 5
AERFAE 900 A1 620 mAh-g™', Wu FFBER K #ik &
BT AL [ TE 30 B A% 5E 4548 MinCo,0, UKL, 7E
0.4 A-g AT HE UOICHL H 25 1 e =ik 1 033.3
mAh-g,50 IG5, HRRFFRREHN 74.2%,
Liu SFB95H 52 7K #4817 992K RST # MnCo,04(10
~20 nm),XPS FAEE5H R Mn il Co M5 53
GJE+4 Fl42, 75 0.2 mA-em? 25T B ROCH EE
ZikH] 1 448 mAh-g™', Zhang SR VR AR T TE
S5 B KAIE A LT MnCoy0, 57 77 BRI (ELAE 4 pum).,
1E0.8 A-g' 1T 120 RTGA G, HAT iR =2
600 mAh- g, Li E05R JHIA R k 45 & o i vk
H T MnCo,0, i Mn,CoO, 2 K ER (4% 2.5~
3.5 wm), TE0.2 A-g? FMFF 25 IGH G, H ] i
545300k 755 F1 706 mAh- g™ Li SR FH 734
LA B R A BT 241 MnCo,0, 3K (E 2 200~
500 nm), 7E 1 A-g™ SN, HE i e 25 i A
ik 1034 mAh-g™, 1 000 RTGH 5, AT L A8 i 2 °H
740 mAh-g, Li SEPS5E ok A0 i A 1 45 1 2L
25 4548 MnCo,0, WK BR (B4R 250 nm),, 5 #5E
FHE R A3 T A LBk h A R R -Fe Bk
WHEER Z 2Tk TE 0.4 Ao ST USRI
FeZs B REIA B 1 425 mAh-g”';100 IRTE IR S,
AL 39 L 25 B KA 850 mAh- g (WLl 3), Venkatach-
alam 2R 7K #4035 A B MnCo,0, 49 K2k . 7E 0.5
Avg T IR LA N 7188 Fog' s fE2 A+
g &R 1000 RTEER G, LLHLZS R 500 Feg',
Sahoo F5FO2R R % A i MnCo,0, é’l"]*ﬁ‘f@ﬂ(}?
& 10~40 nm , KB 1~2 pm), 7£ 0.25 A-g' ST,
HEW BN 250 F-g',1 000 GG, LLHZ
TCHEW, F TR T 1 S [R] 2678 MinCo,0, 1 g
X PRI 5 IR,
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Fig.3 (a~e) SEM images of the MnCo,0y; (¢) Electrochemical

performance of MnCo,0,

XA W THITERNNERZ, 5774 Mn0,,
MnO, 5524 51, 4l A 1 MnCo,0, BXER A, HA
B K PGE R A S R R AR EE R
WL ERIE | HAB R IR Y S 45 /0 3 0 76 R
B FL T U R A AR AT AL D MinCo,0, R
e RE v rl | B — 5 SR (BRI R K
NiC0,0, 5 ZnCo,0, &3 ,
14 EHE MCo,0, AR ER R EABAFFIN

9 Kz AR

BT % W NiZn Mn 5 Co W 4 & & 1k
Y, A Fe Mg Cu F&JEWAES Co JE NG &
A ALY, Sharma S5O o R 22 BR 58 R B 43 i 19 7
AT FeCo0, 5 MgCoy0y, TE 60 mA -g™ Z&1F
T, FeCo0, I B K L2 /8 4 827 mAh-g™', MgCo,0,
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Table 5 Comparison of the performance of different MnCo,0, materials used in Li-ion batteries

Morphology Specific capacity / (mAh-g™) Current density / (A-g™) Cycles Ref.
Micro ellipsoids 620 0.4 60 52
Core-shelled spheres 750 0.4 50 53
Micro cubes 600 0.8 120 55
Porous spheres 740 1 1 000 57
Yolk-shelled spheres 850 0.4 100 58
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Table 6 Comparison of the electrochemical performance of other MCo,0, materials

Electrode material Capacity / (mAh-g™) Current density / (A-g™) Cycles Ref.
FeCo)04 745 0.06 50 61
CuCo,0,4 750 0.06 50 62
CuCo,0,4 500 1 100 65
MgCo,0,4 350 2 — 66
CuCo,0,4 580 1.7 8 000 68

M A 5 736 mAh- g™ 50 KT |, FeCoy0,
1) 25 5 PR R 2 90% , T MgCo,0, 75 i PR 45 48
2GR R Fe fENE GIURE L Mg MACRE
Uf , Liu R HWRAHTTIE #1412 FeCo0, 9
KERTE 100 mA-g™ 1 A-g! Z50FF W bR AR B
55 1289 F1 823 mAh-g™', Sharma 56 b
FAUI PR RIRSEIE G LT 41K CuCo,04(10~20 nm),
1E 60 mA -g™' Z&1FF 50 IRIEH G, Al Lb A =2
750 mAh-g™, Sun R IRARE R T A A
L5 CuCoy04, 7E 60 mA-g™ 2T WA I EE
i FEis 1564 mAh-g!, HAERRFFE M, Ma
SRR K LA T CuCoy0, 2 T A JIURE , 7E 1
A-g? T, WIIRACE AR 20 1 000 mAh-
g 100 IRTEA 5, A3 28 5 2975 500 mAh-g™',
Krishnan 4519 % JI W% 55 #8 43 fif 1 & A B 0
MgCo0, kL, 762 Ao 54T, HE W LB A2
350 F-g', Pendashteh SF75R FIB AR G 0 T 2
fL CuCo0, WKL IED , £ 2 Aot 5T HE K
A2 3 000 Feg!  F2E PR A, Chen ISR
FBEAR L A BT 281 CuCo0, AR L 45, 78
17 A T, HERILBAEAN 611 F-g,
8 000 YAEFF & , H L LA PR 7R 94.8%, HAbE
ZnCoy0, HLAL2EPEREXT HLIE L 6 TR

HE MCo,0, 1 #F 58 2 3 2t > H NiCo,0,.
ZnCo0,0, 5 MnCo0,0,, HA W7k EZ A ik S
BRI 45 | IO 25 4 1 BT T A S A D | e AR 2R i
AE U 0 A MR 2D
2 HENEEEUYESHMEIMNHAR

it e B o7 BB b =2 i sE Y Rz R

FERE FER G T AL i il 5 A
AR AR SRR MR E
BHEFANT . He 551958 i 7K #OL K NiCo0, 1KLL
TR B AL 35 (Reduced Graphene Oxide,
RGO) 15 8] T NiCo,0,@RGO EH MK, 71 A-g?

KT, WAL 737 F-g!y TE4 A-g! BY5RAF
T,3 000 RTGH G, WK 6%, Wang
SR04 1 75 T 24U NiCo,0/RGO & & # KL 7E 20
A-g FRET L IHA 615 Feg'54 000 TGRS,
FLAS B4R TE 908 F- g '(LL W1 URfE B /57) . Yuan 45071
A K HGE R4 T MnCo,0,@RGO & &M 8, 7E 1
A-g' SFRMFT, BIRILHZN 334 F-g,2 000 X1
WIE, A7 98% , Huang 5502 55 1 =4k
Ni(OH)/NiCo,0,/C Z &M B E 2 mA-em™ &AM TF,
AL LA 5.2 Feem™, Yang S571R ISR 32 il
# 1 NiCo,0,@NiO/C A MEL, £ 5 mA-cm™ 4 1F
T, AR A 1792 Feg,5 000 IRTE IR 5 | LA
TR B %R 87.5%., Nguyen 55l 1 B 1L AE 8 96 1
il T NiCo O/ sG-Sk, 1275 A-g! A%
TLEIRHHEZ R 1950 F-g' #£ 3.0 A-g! 51T,
10 000 XG5, AR FERE R 92.8% , Zhou
S G B ARE R R T LA T S
NiCo,O/f1 35 2 &M BE, 72 6 1200 A-g' 5 1F
T, BRSNS 2 173 #1954 F-g'; #£ 100
Ao SR 14 000 RTEAR G, ILHLARFER R
94% , Zhang 55 Uil ik <A U AR il A T 4B R
NiCo, O/ M E G HE, 761 A-g? 7T, B
LN 1402 F-g'y 7E5 A-g 54 F,5 000 Ik
TEI G, LA R EE RN 76.6% ., Li S0 i AR 15
il 25 T NiCo,0/5k 44 K 45 (Carbon nanotubes , CNT) &
BARE, FE 330 A-g! AT E IR LA 4
1533 Fil 1 335 F-g',2 000 IKTEFF G, HHLATC
T Gao 5HE 15 75 77K NiCo,0, UILFRTE 2 BERK
KE LIRRE MR, 761 A 5/ F BRI
HLZE R 18433 Fog!; 7610 A-g! Z51F T ,4 000 X
TEFR G, L L IR A 10% ., Gao 54 o 154 12
il 45 T NiCo,04/C & ZHEMESIA KL, 7E 5mA -cm™
KT, HIKELHEZEN 1768 F-g',5 000 WA I
J5, LA ORFEFEN 96.8% , Li 5500 18 P 2D K i
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Table 7 Comparison of the performance of different composites of MCo,0, and

carbon materials used in supercapacitor

Electrode material Capacity / (F-g") Current density / (A-g”) Cycles Ref.
NiC0:0.@RGO 600 4 3 000 69
NiC0:0.@RGO 908 20 4000 70
MnCo,0,@RGO 330 1 2 000 71
NiCo:0/RGO 1 800 3 10 000 74
NiC0:0/RGO 1200 100 14 000 75
NiCo:0/RGO 1100 5 5000 76
NiCo,0/CNT 1300 30 2 000 77
NiC0:0/C 1 400 1 3 000 80
ZnC0,0/C/CNT 130 10 4000 81

nm), 76 1 A-g? 50T LA 70500 1 420 F-
g, 3000 KAEFRT , AL IRFEZEN 98.5%, Bai 55!
AR A BT ZnCo,0/ 41 58 M /B 9 K 8 2 &
MRk, FE 1 A-g? AT E LB A5 510 1 802
Feg 76 10 A-g' Z51FF ,4 000 PG5 | L HLZS
T, M T YR ERNAF MCo,0, &6k
PEREXT L PR IR 7 PR

[F) B, Chen 450258 o B AR VA AR BR T AR ROE AL
T NiCo O/ f1 S 9K 7 FES 78 100 mA - 51
TLUE W A R 1216 mAh-g”, 80 IRTEFF )5,
Al A AR T 800 mAh-g (WL 4), Liu 55

= b —m— Charge capacity
_5: 1 600 —#— Discharge capacity
é k100 mAg? —#*— Discharge capacity
= 150 mA-g! .
%‘ 1200 g S G@NICDZ/()4 array
& 800
13}
&
'g 400+ NiCo,0, array
=9
©n
0 10 20 30 40 50 60 70 80 90
Cycle number
Kl 4 (a) NiCo,O/F1 s M 1 TEM E; (b) NiCo,0.,/ 1 22 M
b e 2 R il £
Fig.4 (a) TEM images of the NiCo,0,/Graphene;

(b) Electrochemical performance of NiCo,04/

Graphene®

T =4k ZnCo,0, WKL /i 5 F KL, 7E 200
mA-g! FMT, BRI ILARE KT 1300 mAh-
g, 160 IRTE G, A RATI A 1200 mAh-g', Rai
SESE A RO TTVE 4 T ZnCo 0/ A B I6 5 G b
B, TE 100 mA g SR, BRBCB A RS
1 124.8 mAh-g' HARREER M, Mo FE055E it
FERHGERI S T NiCo,0/C B A HER (FKAR 3.4
pm). 7E 400 mA-g™ &M, 180 IRAEFR 5, AT 1L
AaANIREE 1 389 mAh-g™', Peng 5518005 i 455 A 72
# T NiCo,0/C #1KFES (K 2.5 wm, HAE 10~30
nm), fE2 A-g? RMFTF, B RH LA RN 664
mAh-g ' 7E 100 mA - g™ 515,200 IG5 | L2
HARRERER 97%, T HLE F HL 19 AN 7] MCo,0,
AP RHEREXT LT WL 8 T

il R XL 4 T AR AL ) 5 b R B A Y AN
N Liu 55758 b W i B T R R A T A AL AR Y
NiO/NiC0,0,/Co:0, 2 & H ¥t 1E 20 mA <cm™ F&fF
T, HHA A 1600 F-g';1 000 IRTER G, L
BURFERER 94.9%, Lee FFE N A-HR-FF
1T Zn0/ZnCo0, WASCK RS, 7E 45 mA -
g KT, EIRIH LA R 28 900 mAh-g!, Li
SR HIBAR I i 45 T ZnCo,04/Zn0/C 5 A # KL,
TE 100 mA g Z50F T, ERCB LA E A 1400
mAh-g”, 140 PG fG , A3 LA E0 1 200 mAh-
g Zou FEPUR R BRI A 2 4 T ZnCo,0/MnO,
YPOKRZRES (K 5 wm, H A2 20 nm), 7£ 10 mA -cm™
FUFT, EWHHEHR 2 500 F-g',3 000 W AEH
Jo, LA HUR RN 1.6% ., Zhai SR HIK A3
7% T NiCoy0yMnCo) 0, WAHUKIK(HAZ 1 wm), 1E
1A g 1T ,600 IAGIR)G , AT 3 L2550 1 009
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Table 8 Comparison of the performance of different composites of MCo,0,

and carbon materials used in Li-ion batteries

Electrode material Specific capacity / (mAh-g™) Current density / (A-g”) Cycles Ref.
NiCo,0/RGO 800 0.1 80 82
ZnCo,0,/C 1200 02 160 83
ZnCo,0/RGO 1150 0.1 90 84
NiCo,04/C 1 389 04 180 85
NiCo,0,/C 1 150 0.1 200 86

mAh-g;7E 5 A-g? ST E IR LA R 911.3 F-
g, 1 000 ARG, LLHLZE R 800 F-g!,
LIRSS R S YRR /e S U P A
Mo BRAUKAE BRAF IR REM B G IR BRI
AT LLR b 42 8 SR A 1 S F 22 B, ] LA
2w X4 Ja S A W) T R A R P i AR RS A Y
R4 Ja S A R 0 R AR S P BE RN 32 1 B
Rl B2 AR A B ] STRk— & 1Y L L A s L

i,
3 BESRE

gE LTI | AR 00 R 3 X4 AR Ak 3 4
B A T k- OUL S R 1 o — H k2 1 - B3 43
B ik — B2 R IT . NiCo,04.ZnCo,0, MnCo,0, 554l
S 4 TR A AR B Ak AR DR A R kR
T F7 ) 16— R LB T o —4h &8 Sk
(Co304.Co0 55, 2 2] T B0k 1A FHO 3 2ok 55 ik =
Xk aE ke R A YRS il — PR E L
HL Ak AP B S T4 3 XL 4 B S Ak B 200
FLAE BB 7t BB AR B AL A BT R A
FE 5 A7t 15 25 SRS A A K 1) L FH 0 0 R 4

[ B N [T 5 1) i X4 i S 10 4 1Y) L Ak 2
VEREAF AR I W25 57 B AE A (BT A5 BRI 2KERIE
S5) AORHO AR AR AR — M (R AR T A i
PR, R 250 25 4 1T 3 4 28 o 7 700 H A i P A 44
U 38 B CE RO, — 4RSS M (BDIR 2tk 47 4
AREF VIR L R FR K, AT A RO K A R 5 H
iR VA o T RRL A T B AR S R T
AP RERE . e (2R R 5 =24
K (50 LR MR 200 S R 25 (A B0 ik
YN AF I S TR R Bl R B TR B A Bt
(-5 FL D 2RI KR % i 4 ) LAk 0 30 o A s i
Fe L i R AR AR AL | I T B TR AR S
iR VP AR M A A5 B i B PR AR MR A K

WREETH, Foh, AR — AR B T A R
PR RE |, K Bk 550 0 Bk R i R O s, X
1 F A b L G 5 e UKL — SOME A A R
14 FEL A 27 1 il ol R 5

R A B4 & A AL TSR FEAE B L U 4 )
S AR S T A e ) — S S ) R i . (1) R
R 682 1.0 V), HBe 5 & iR 5 09 ER A
RHAHVC AL 5 (2) & A AT 0 b 25 R R (4
30%);(3) FCTHCHL HEL e 22 BRI H Y i Al B X4
J& A BB TR Ry A3 B, A 1) X LA 5 AN [ e
Al B0 4 TR A i M e 22 5 B R N LB IX G
MOBHIE S R AR OW 45 16 45 55 H b 2% P fig 22 ] 1
TCiE MRS R WA RAM RSB IT R Z I
(A TC L K AR B AR R AILEE ;b 0 2 6 e B 2 T
MBI ST A W MRS 2051001 Rk | Ay 7 AR Al R X 4
J& AR 7E LAk 2R 6 BE AT R L AR R iR AT
Xof I A Sl ) R A T R A
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