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BERAXEBE EBERNEBZ—, 1799 FRGRPBRM, FEELE
MIRREEAE . &3t 200 BEMERE, EBRNMLMBERE M, SMEMBET
AEEH, NABEARKHERE, BN RAEELE, K¥raRCE2R IR 4E R
Aa R Bsh R, IR KRR ARE, B FSEER. BaERE. %, M
EMRETEHCERE, UERBRRAMNXMEERAEI. FEAPRENEREXE,
HERFEEN _KBEMHREMFARIIET AN ZHXE, FEERBEEHRE.

HETHEMBE 20 HE 0 FREANREHEA R LM, RAETHERER.
fER K. BRE/N. BIREFK. LIS, TREZREMEREITRERH
A, BRBBIL. BIEIE. EidAam. ERANENERFERNIRENL
REAER, HRERREHRFAEANBETRI IE. BMERNFaMERR
AL & 3 e ED Y,

1.1.1 8BEFHEBNEESER

BREFERRPEER/N EXMEFHER M=6.94, ®FE p=0.53g/cm®)
BRBMER GHEEESEKRN—3.04V) HW4E, HEARNE LA RERE
. AREUABEMEEERSHES. 20 HE 70 EREET —~KEEEN, &F
HEBEMEEFERTE, RERNFEE. TESNTBHEFSHNEHEE.
BUSBENABRNE S KEMAERAFBEARIES, A TEEFERRETYA
HEBmH TR, GFERERRNESRAETL. IFRTLERNFIFTEH: —RE8
BFAEBRREINAYYOIRSBEARREESMVENRETR, aREm~4
KEEHES, FEEKYESETUSEEBRES EREMBERbEK, 518
i KRR, RE=4EKEH®R, ERamBe, E28EY. —2Adamik
MdRPHEBENAIOEY, HREEREEATUNRERFEEERASH
WBERBR, BAREHEAEFERN “SCE”. “BE” WERMERE—FEERE
WMEHEENE L, 5IERREAERNEE, AEGHERT. BA¥EEN “TE”
o EbHRAB N LBRARO ],

BRESRARBBRARTUE -SRE LNHBRIBPHSENTERANE
&, B, A 1mol/L LiAsFs/1,3- "8R4t (DOL) BYH HLIK (& B % B o7 LA 3K
BIEZFAF Ay 300 KA LR —Keide, 1972 4, Exxon AFBAFHER TiS; fEIE
H. £BEEAHRA Imol/L LiClO,/DOL H Yl A s il FREEE — K, R,
TRIEHEMNRE LEBREREMAERKEBILFREATEEHN. 1989 £ g KX Moli
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S -
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SR, BOUTHRERRBEAFERIR PR BERE RN S — R RS
TEZRHER. IREH, MR T T LITE—E i i AL 544 T 778 i i A F B 3
EXHHEYRRET . XEXNYHFTIBENE M, XSAIESBELY SR
By, RESEHREFRARKNERIBELSH. EXBTHEE, FETE
BT TTUBRARBEEEMHNOERZ T, BROLEDBEHRNEEL
Y.

WERETHE—SE R TYR, BRARNAAREERETRE AL
R RBE R, 20 #4270 £4RK, Whittingham %0597 R 334 W & R A A
HEEKERMEE, TiS;. MoS; MMAR VO MM EF B KR, BEK
B8, Eik, BEASYMREBROFRRE T ERE,

WREAHIE . SRS HIGE S LT LAk . B TS M, Rk
HAMER SRR EE FERRE KM RAMBRR SR, CREEEFNERD R
BB SR B EAR B E BT AR . SRR B IS M T 8 AT 4 TR R Ay iy
AR N . 1980 4F, Armand ™15 R3R R4 2N A e A AR, B A o 4 o
B LM, Y, BREAGYRESBERAR, RZUBBEERLNLEY AB. EF
. EXMEMT, ATERUBTFEATMARLEBAHE, B AEIBIRA
ERENBEHMTR, IRPWEBRT RERMAOEREE, NERHE KRS
Mk e., HIEHARMAIT:

LiyM,Y,+A.B, %Lir,M"Ym-FLiIAZBw (1-1)

i, it T LiWO; (B LisFe;O3) | LiClO, /PC (B BR TR 4 BY) | TiS, (&
WO;, NbS) # B FB# s ith. Scrosati Z£0U P LiWO, Ktk # %k, V.0,
TiS, %N IEH#EL, 1mol/L LiClOs/PC HE VIR KB M F, HE T XFHEFRS
M, FIELTRHRRMNTITE. SLREEMMHE, XMEFREBELELS
W, RBECEMERANEAEFGROMA, EoEMEERE, LitEE. fkKd
BORER, KBMEREEREE, BSS8T 2825, BmMkEERTS.

1987 4£, Semkov %2R 38 T 2 T A0 [ 7o 5 s WL I8 RO R4 el o, 30 FRL tb 1 P A
Jii 2R [0 44 b R RBBEE-LICF:S0;., A FXRERFEMBRMEREET
HRRGEE, XA RAEE 70~90CHIFE T I, FBHEEN2.1~2.2V,
HEREHTHERERITNE, KEFIRAMSTEWEE. FE, Auborn K131 %
TUAR 1 B AL B9 B 4 4 B LiCoO; N IE#& # K, MoO; X fi#& # %, lmol/L
LiPFs/PC A BEWEE FRGEME, HEBBRMNAMT .

LiCoO; + MoO, %‘Lil_ICoOz +Li, MoO, (1-2)

XA AR, BNRFEE TERERENER FEE RS FENT 8
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HTREEETFRERMEN THERE, —FTETERAR. BEBMERENE
EHEYHEERME, BFM—OEBHNEFHEE M—SEE, £BELYHRL
YREASE (BEAYBuEE), TR, ERMBENERNOIELSBRALDE
BERROBE=ZLWTE LB EMLY, Goodenough FUI R ER B FRAITES
BB EAY LiIMO; (M=Co, Ni, Mn) {ENHE M IERME, FHBRTXEHLE
Wik, REAEMNR. BEBRUAFEANRE, XXERMBESHEER TEE
B S AEENMA., B - HEEIRAE AR, BB ALK T P55 AR+
B, FELLE, X—EELKPUR—EEMA-KEEFEBLEBRY I ERE, BN
LAk, e AR AR AR R, SEICH KRB 4R e A T A e A EE Bk
B, EXMELT, BHEXEMNARSARY —-ERAEHAMNRE, REW
B, XEFQENTELERKXFRT AMNORE, B TE2E FEFE 00
£, WinE T A A SRR K KB .

1990 £, HZ Sony RERARIEAMAREES FRAR MM AR R, FER
MEERADTESRBAREEILY LiCoO:, XMEFHWHASAKXEKTEEFENR
MR AL, RS TR TIERE, ARt ERST EM— P EEBRMO],
JL e L TR A

LinS +Li1_yCoO2 z_:‘Liy+IC6 + Lil —y=z CO()z ( 1‘3)

ZHMER T RAEEM B LiCoO: fEIFRM KIS, BREHNNAFHZARE KIE
HTRAAGHMEEIEMN, X—FTEHREEVEEFS5ABLUBRMABERKOARE
&9 LiCs M AIEHEIE S MEMBAL, LUKIE N B Mt kAR H 2 B,
HBEaEELISRERBMNBE, RAOUMK, XHM0EKR. BEAR®, &M
K, MERARHE. MIIBXMLFHHAAKIEEETHEY, EH, BB FEM
X—2HMBERATENWER FERE. RFE, HAE Sony A FAMNE L
Moli 2R JLFRIMER THEE FRMHE ML, RT/EREBT 3.6V (REBEE
ARBWEER 3, HEREFERIX 120~150W « h/kg (¥ K Ni-Cd &
MWhH 2~3 %) . BE/E, Dahn FUIIRE THM K Li,Cs | LIN(CF3S0;), /EC (BB
ZWBE)-DME(— B EH# Z ) | Lii—, NiO: B4 B FH Mi; Tarascon #l Guyo-
mard I HEH TH M F: Li,Cs | LiClOs/EC+DME| Li;—, Mn, O, 48 B F & i,
Mitt, HAEEAME TEZT FTHBMARAE, #H TEFE TR TV HRE
RIE.

1.1.2 ##EFHEHITIERE

EHTHMEE UMM AREBF SR AR EEE FRILEY D HIENE
MWHERMAR KRB MER, ERBIBS, Lit ANERAEESYFBREIFHRA
MBI BEZ S, ERLETREBMHAERSE, ARNATFEREMHEERS: &K
A, Lit NARBEE I BAER, ERITES. VEFRETHFESE, K. HH
SRPEHEFAPENE TSGR, 5 LT —BEFERETRE, FEAKRSS
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AR E = ENRE

MNEkEEMAERZLE, FREF—EOHEAM. &L Li,M, Y, £xRA7AKRMHE,
Li. AyB. RN IEHAEL, ﬁlﬂ%*&*ﬂ%?&fif‘ﬁ?ﬁ%ﬂ%z‘ﬁ.

ik G Li,M,Y,, +zLi* +ze%Liz+yM"Y,ﬂ (1-4)
IEAR SR : Li.A,B, %Liz_IAqu—i-xLi* +ze (1-5)
IR A Li,M,Y, +Li.A,B, %LiﬁyM"Y,ﬂ#—Liz_IA,,Bw (1-6)

SR A BB BAR N Ak, BEREMHEEMLEY LIMO; (M=Co,
Ni #{ Mn %) RIEMHK, BMKRHA:

AR SN - 6C+zLi* +ze% Li,Cs (1-7)
TEAR N LiMO, %Lil_IMOZ +zLi* +ze (1-8)
B, i S Y 6C+LiMO, :;‘:Lil_zMOZ +Li.Cs (1-9)

MR X — JREE 4 BT R A
Fonk e R E R EE WA 1-1 .

HFRbEHEERRT (A%
B ) BT RE M KA T
¥ % F g M 2 B B9 Gibbs A i fig 28
X AG, B E, H A B K Th R
F el 3 IF 6R AR ARG R, MR R
N f) Gibbs B HREAE AG A Li #EIE
R E LSz 2, mik, 8%

o@

%%m%%aﬁEﬂ&?ﬁﬁﬁ
E=—AG/(nF)=(u}} *)/F
Cusiififh o . W AL ity
{ Eﬁktm ?ﬂlﬁ? LiMo, P (1 10)
B 1-1 R T A M A TE R U R P 018 Hoe, 2B LB 4 p 4% % 4

BFAEARMIERM B EmMLES; FREREHEE, B 96500C/mol, Al
W, BRERRHOEMEHE, TORAEE THBAOMEE, RO EFSENE
Wb, 327 ER S 7 O R AR R L
1.1.3 #EFRBHRESE

BARMNERIS R — AN AR R R AT LA R . SR T, TS
ZLPrEER RS, BAEFEPFHAN KA FTEFRE (NiC) B, BE
(Ni-MH) Hih. 458 (lead acid) Hih. B F (Li-ion) B, BEYWEE T
(Li-ion polymer) FLMFIA] FEHPEH M (reusable alkaline) 4§, 34 — YRk b Y &
EMEX AL -1, TUESH, SHE _REamMElL, @ FauRBEER
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R1-1 BB ABBHEEMESHERTLL

A
e 25 95 47 G | REmw | GEREw |EEFEW :;fzi ﬁ:;’:ﬁ
R A VS 1950 1990 1970 1991 1999 1992
REHEEE/ (W h/kg) 45~80 60~120 30~50 110~160 100~130 80(FK)
WRFRELE/V 1.25 1.25 2 3.6 3.6 1.5
TEIRF /K 1500 300~500 200~300 | 500~1000 | 300~500 50~80
R hed E] /h 1 3 10 3 3 2.5
i R H * [ Rz %= &
Ak EREA/ % 20 30 5 10 ~10 0.3
HE/Q 150(6V &) | 250(6V £&) <100 200 250~300 | 2002000
12V E) | (7.2VH) | (7.2VHR) 6V %)
B R e L e/ C 20 5 5 >2 >2 0.5
BiERBER/C 1 0.5 0.2 1 1 0.2
wEEE —40~60°C | —20~60°C | —20~60°C | —20~60°C | 0~60C 0~65C
By AB/A 1.5 2.5 4 % % %
RAZ R RL A A x x x X
X 34 5 ) $ v 15 Y 53 15 % Ti5 % Fi5 3 155
B, 3t 48 25 1/ 7T # 50 27 60 25 25 2 100 24 100 215
(7.2V ) | (7.2V %) 6V %) (7.2V48) | (7.2V%) 9V %)

BEUTFILAFE .

A THEBEER —BRESVEA, ANEEREXIVIEULE, ZZFTHEZ
WM, FURERTHRERHMLRAZ—.

B. lhEERRK BRBEMBASEREFEMBNRELABNARLERT
Me, HEAMAEIFUATERE - BRIB=MFUE, Hit, HELHREHLERI
BHEVBTHR, BMERTHE RSB,

C. Aftd/p BMEEFREREENRE, EARBPARBEBEEL, T
TR 4 31 By 1E oL 1 B TR

D. EFFMK BHWEENMBILRIERGE, EFBEREIL 100%, 7 10005
HIRE (DOD) T WA & a5 Al K F 500 K.

E. Tictesn SEFabPEAREEaRmR ST sistey, s
EEIPOR s P A aale SR A Y- VA

F. Z2iy #EBELAGYHKERERE, BHMEAEIBPRA ST IR
B, WAL ETEME, RRNE TRl EekeE.

G. ZMEEY HWPAEE Pb. Cd. He ZEEHFEYH, HHBAFH
REHARR, FAaMTEERTGR.

BETFERHER, EFTHBEFRBH TR VEHNER, HEREHAKR
B, ARMHESHBEMNAMERERER. BEEREMRR Kb E A BHER
RN 5518 B BRAR G BAT K IER AR i B AT /9 LiCoO, KRB HIL# LiCoO; .

S

o — 8
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AR E BN

LiNiO; f1 LiMn O J}#7¢, HEERMZMHE ST E SR xBEEMT MR ALY S
B MBRCHRE—-MANREERIEEATREBHT. REWaBEMmEFR
eEFFNRE. FRERM L, EEFHMEARSEL. BEE. KREEMER
LR EER, HUASOBBEZRSRE, FAMUENHUEEARETEFERIE
. RBEMKTS, WHEEERRKBERE M.

1.2 BT QMR

1.2.1 IEH&HE

ERMABHEREMNESERAEE FREH PR EER. KEMMERSE
ERBRMOMI. — MR, ERMEMEEUTILFEMERPLT, a #, BEHBN
B DRIEBRMBEA THEBRE; b #. HEFER, URIETEBHEHLEERN
LLRER: o EAERMEHEEMEREN, RASHBFMNRHMHEAENE; d B
FERREES %¥; e BER. BRETHY; { 28RS TESIKPRENRT;
g JFHEMSE; h. FIZFTZEHE, HAl, E-LRAIB¥HRIELTFE AL E
FEE S FEMIER AR, BRI FEAR, ERMBAT 50T EEBREEL
Y. EREAY. ERBAYHHEERME, MEMMEERFRMERAMRET
EcRBGBEELY. B TIELBREELYREBMHRIEE TR ERM
B, XBEEEANBXMEME .
1.2.1.1 HRLEBELELY

LiCoO; BEEATHAULEB FHEMMWIERME, BRTF o« NaFeO, RIZH,
THEBEEEN 3.5~4.2V, HIGHAEN 274mA - h/g, EEFTBEBETREPEMN
FIARN 55%~60%02  EM A EEBER (0 Li;CO;) M4HE (W CoCOs)
BEERIL1: 1IRE, EESKPTF 700~850CHEMMARY . HREBFEMLRKSH
MR, —RAERPHFMAE NI, Al InFLEHIBEA LiCoO:. LiCoO: B
A, HEAR. REEXE. TEaEMRetSatEtEgdy o, B
B LiCoO, fE N B FHRMBMIERM BN 1990 EELATHE, —HLATEEHM
M), EHFERRAPHERESHRS, LiCoO; WHRARE, RHULFFREEEMNS
BRME, SERTLUEERMPBEERBMOEN. FTEBHRAE T LNO,,
LiMn;O; . LiFePO, ¥ Z# 32 BHREHLE P2,

LiNiO; £4f LiCoO,; EIRERZMERILEY ., B E5HEMWERMEE, M
GhREE, TIEBEWGEN2.5~4.1V, BiE AR N 274mA - h/g, LHEEKRER
ik 200mA » h/g R, XFMEIXTEBRARAFEE, FERAE, GRER
K, "EESRBMIHBEHRE, REMAMFEFEAMBER, B—FBRAERER
¥ LiCoO; MIERARIS], i@ SAFT AR FMINE KH Moli BER A RILEEXR—H
f#F LiNiO: fE AR ML B FHR A IERM K. LiNIO; & R — MR A f4
IR G 700~850° CAFR R %, BRHEHEITE (W Co. Mn., Ga %) Al
—EREH . REMN, LINO MHSMEMEEE 4Ry, T



b8 LINIO, B, AMMALL, HEWM5ad¥NREE~4NEE
. B, HE=FREN LINIO, BAES=AELFHBEAEK LINIO;, Wit F&EN
LiNiO, i tb#E %, LiINIO, EF IR T H B, MEBILANAE, B4%¥
PRI B Rk AR, R{Lant, LiNiO; 7Esa P it . s Li—.NiO; 7] LAZE
REBEETRREA, AMEAEMELERE, AX&EHFEXRE, LiNIO; B
B N R i 32 B 22 5 T B R i

RBABK LiMnz Oy  Mn; Oy BRE—AFFF Lit ¥ 8 MU AR fn )\ i &
IR = M8, [/ LiCoO, 1 LiNiO; AHH, XFMEEEFEHNEEEE, 5
FHl&, BAK, WEREMZeET, THERE, &, HRERVHER MK
M, HIRREN 148mA » h/g, LRFEVUBEMLAR, 5% 130~140mA « h/g.
REBA LiMn, Oy AN ARFTEASLBREMEGRE. BR-BERE. S
&, XA AEEE TR ERMEAERAAELARMK, MERN
HEAEERE, RIRERRBE THAERREE, Fit, WARRAAKE
LiMn, O, ER A ¥*EAABRPHAREBAREBATARSEA LiMn Oy W £
A, IMARAMNEREA LiMn, O, B EHMBERAEX, h5RMBENERE
%,

LiFePO, EAMM AR, TIEHE 3.4V, BB AR 170mA « h/g, 1&
KR, RMEIBEFERBOEHNTLD, R—HELBIRNEE FHEMIE
WA R0, LiFePO, B EEH & H ERALF VI EMB KRR %, B LiFePO,
W, ERTHEZERMEPOY BOEES, MRAHRME, BRMM[EER
FABEREE . LiFePOs MIAKILAT U EE B TRV B2, W# LiFePO,
WA B MERE, [H0K LiFePO, R A% BHR IBE“ENARAL, BFH
REREE.

HAmBAEYaEEANE FRELAYNESHABE THENASY, KM
MR EL., AHERSH, AEBRIABRENHESIE. RECERASNAEAYH
REARCN], HEl, RIEAMNEENRZER Li{CorNiy—2: Mn, ]O, E##,
XA E RN BAERERD 160mA - h/g L b, BB EEF. &M%, 1BIFEEEH
5, PRI RBEE, BE25RTAMNNTEXE.
1.2.1.2 2 BEAH

LB ENERMWELYDEEE —E Wik, BE%EE, X+L MnO; Ml
V:0s B5IAEE, $FEMYNARETFERBAEFREE.

MnO; BB EE. &EMK. FIEFEHLR, FEFRRNETEHESEARS
Kk, BREESRN, WEREAER (Fik200mA - h/g£4), EHHRRE M
RAERMERFHEBRAEE/N, BNMEFREANEEE S, FEEEE THEMT
FRFIM AL, MnO, 8 EEH & EAETRE . KB B AR ks L%
K%, V.0 REBRREW, . REBMY 3V (vs. Li/LiY), BEHLEAERSE
ik 442mA - h/g, BWEE. KR, BE MOFRITRDCSS], 84D
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