[19] FiE A REFMEERBRZNE

[43] AFH 200641 H4 H

[21] BHi{FS 200510071285.9

[51] Int. CL.
HOIM 4/48 (£006. 01 )

. . . N HOIM 4/58 (2006.01 )
2] RBENRBFRARBE oo ewson

CO1D 15/00 (©006.01 )
C0IG 102 (2006.01 )
HO1M 6,00 (006.01 )

[11] 2F S CN 1716663 A

[51] Int. CL (%)

HOIM 10/40 (£006.01 )

[22] @iEE 1997.10.10

[21] BiEE 200510071285.9
HEEMIES 97180536.9

[30] {564
[32] 1996.10.11 [33] US [31] 60,028,342

[32] 1996.10.11 [33] US [31] 60/028,341
[32] 1996.10.11 [33] US [31] 60/028,278
[32] 1997. 7.28 [33] US [31] 60/053,876
[71] s A T TH M BRI S
I SQER TR E Y
[72] A A-M-igli G- 8E HEY
DeRe«F#EZH
MoK« ZEGHRIR PP

gk — FEER
[74] ERRENE LR EFBERFESHTERAF
®REA BRCHE

BRI EESR A5 4 0 B 45 33 7T By P 19 3T

[54] REAZHR
B H KRGV, A SRk
[57] A%

ARIRAET —PIEAX N Li, M,N, 0, Kb &4
KHEAN%T . MAN % BERERE TSR EEKT
5, x, yMz#BR0 -1 1%, vy Mz BEER BT

LS M N, B 0 ERITE AT R (4 - x) .
FER LS )y 0, XA S I FE W TE B AL

ERE, RIS A XS .




200510071285. 9 W #® E Ok B H1/45

10

15

20

25

30

1. —FERA N LiMN0 WAR, HFMEEERETHRERTE, NEE
BEFTREBRTR, x, yMzHARTOZAET 1 RN, vz 0%
HREEFT R EDH MN, o EHERBF N d-x), R MANZ— N,
FH—AAREER AL, BE Sn, MEMANZ—R Co, MB—FRER AL B, Sn,
In, Si, Mg, Mn, Cu, Zn, Ti B P.

2. MIRURIESR 1 TR R, HRRIEE 7 T ik By 4E AR &5 &% A a —NaFeO,
Gt IER LiMn0. 450, SPUH R LiMn0, 4.

3. WAFIESR 1 K2 A AR, HSMTELETEHHMR In.

4. WACHE K 3 Frd A, HSFEEETHEPHNRESR S, Ti, V,
Cr, Fe, Ni, Cu&k B,

5. WIACFIESR 12 iRk, HISMTERETEFH MR AL

6. IANMZEK 5 Frid A i, HAFMERE T HPHINREH Sc, Ti, V, Cr,
Fe, Cu H B,

7. WACRIESR 1 2 FdE R, HIETETETHFRH MR AL N2k
H Zn & Mn.

8. WPl EE—TRFERFTENAR, HEFTEETERKSEAN SR
FENWH KBS, M#AE 400-1000°C 0 Hl 15 .

9. WALKIER 1-7T P E—THARHIHARK, HEFMEEETERRMANK
AFENDM RS BEEHKER T, TREZBER, FnuzmRELE R
1R

10, WRRER 1-7T PE—TRH AN, HEEEETEREMNANKY
SEAMNM AN PIREER EE7E pH EWE KBS P FIR L VTiE tiske, vhueE
BT U ERHEREE T, BEENDITEY) 7 BFE LiOH Z R8N
KB, L1 5 MM NRERIGERE 1, FRZERER, SFmiuzm e
HEGmHlze.

11, AR ZESK 9 Bk 10 FRIRMIA K, HFEEETETHNEEREBREAK
TR .

12, AR EESK 9 8L 10 Frik M i, FAFIERE TR EPHBRRMAZE
100-850°C LAMF H 45 &

13. i PL_EE—TUAUH B R iR B A AL, SHSFIEIRE TR G 0 <y< 0.75,
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14, WAUFIESR 13 iR Ak, HAFEEETHF 0 <y< 0.5,
15. WALRIEEK 1-14 PE—FTRMAR, HBELETHAZER A
LiALM0, FEH a -NaFe0, 554, TH LS LiMO.E AP RAFAES
T BZ R S5 44
5 16. IACFIE K 15 FriR A i, HAEFIEEE T H T M E Mn, Fe, B Ti.
17, WA ER 16 Frid A s, HFEERETHFHEME Mn.
18. wIACRIE R 15 Frid A, HAFEERETHFMMEZ Mn 88 Ti.
19, WMARFIEK 15-18 FAE—TFTR AR, HFMEEET ZHARZRNL
AR B T HSE P 18 .
10 20. WRLRIESK 19 R AL, HAFMEEETERFHEDMHZE
300-1400°C T %148 .
21. WIALFER 18 R AR, HFELETEREERSEMT 0.21 K
AT m#vb & 2 618 .
22, WRLRIE SR 18-21 F{E—TFTR A K, HAFIEELE T & &% LioH
15 8% LiOH-H,0, A1(OH),, 5 Mn Bk Ti A EMHYIM RIBESTUHEIE.
23, IALRESK 10 8¢ 15-20 AR KA N, HRFELETERE
Al 5 Mn 8% Ti BYE S ALY M AH IR 6 7K ¥ 95 [7] B 3L e 1 048 .
24. WIRCRIEER 16-23 PAE—HAT AR A R, HAFIEETE T %A mAERN
NERRLERBAGHHIFRNEEST, EESREN 20 K5, ZHRTELR
20 HBEHZZWANHBEES, HEEEDETYHRBERER 90%.
25. WL BRI E KRR AR, HHEEETZAKRRERST
BESA, S—HTHSBHIEAETER, AN -EFHISEAS R
B g
26. WALHFIEK 25 R4 R, HFEELETHRRNEFHERAS N
25 BYHSB4ASEERESYME.
27. —MERHA LIMNO, MARKHE T, K MEEBRRETFHREK
TE, NEERRTFHREKILTE, sxSyH:PH—1TRBKTOEAET 111G
BEHEE, yHzFHA—DEO-IHE, vy z NEERFEHIENLEYH
MN, B4 BRI BN (4-x), FTRRITEEESE MA/SN AR M
30 FI/E N fIERR h7F pH S5 FIKEE B BB T Hik, M8
PDUEHRHERBE T, HEENDTIEY 5 8AE LiOH 2 K4 HKEB+,
f Li 5 MA/8 N BB REEIEALA 1, THERZBER, FiRazmRa e .
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28. WRLRIER 27 TR %, HGECETHRANBEREREAGTE
.
29. WIRUCRIESKR 27 B¢ 28 Frid ik, HAFMEEE FRETR BB RKMME
100~-850°C LA {F FL 4 i
5 30. WIAUHIESK 27-29 PAE—TRT R %, HAFIEEHE TR TR
M EA#] % LiAL,Coy0,, Hy B KT 0 E 1 98, FIRM FEEEESNEN
S E ALY N TERR &5 TN BRI R /K B R SR i i B sk
31, —FPHAARFESR 30 BT ERIZ KER A LiALCo,,0, 4R
32. —FMALFIZE R 1-26 PAE—TFT IR AR T, K5 T B prk 4
10 EFHESFBEMRAEEFHBRREMETESEME N .
33. MALREK 32 R v, HRELETHRANE FHSEM R
BT SRR RERESYE .
34. WBURER 32 5% 33 @I vk, SUSIEEE TR FiEEFHMNK
BENEEZABNE FEEBRR PR HEKEEFRET.
15 35. —FlE, B
EARAMFER 1-26 88 31 TR WA E—A 5,
SZE AN REBTEENETFHESEME,
HETSHEM., TRAEER, KVEFRENEE - Ao KEEETE

20 36. —FhiHIs, B
BELZERX N LIMNO. MR E—HS), KT MRS BEFRTKTE,
NR2ERETREIRTE, x, yHz2YAXTOZEAS T 1 UERNKE, v
z MIBERFAMAEMHIMN B LHAEREHTH@x), WREMMNZ—
=N, =P AEER AL BE Sn, WRMFNZ—R Co, MB—AMREeR AL,
25 B, Sn, In, Si, Mg, Mn, Cu, Zn, Ti BY P;
5 —HoREBTFEERNBETFHESEME; M
BETISHEM. FEAMER HKNEFHETSE-AorREEETE
i1
37. MAUKE sk 36 TRl &, HAFMEEETHPIRNE —HN0s R
30 i a -NaFeO, Z5#9, IEAT LiMn0, & . sRIUAFREA LiMn0, &5 .
38. WALHE K 35-37 FAE—INFT AR Ml 5, HAFIELTE T %8 F 2B R .
39. WNAUF)ESk 35-38 FAE—THFT R M &, HAFMEETHFHEFHS
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R RRE.
40. ARk 35-39 PE—TATRM G &, R ELETHPRERT

S, TRAXAEERREETFHEREY.
41. WAFIER 35-40 RAE—IRFTR KB 5, HAFEERE TR THETEM
5 EAEETREERTESE -HERGYME.
42. WACRIESR 41 Frdiosls, HAEEEE TR THS B mER T
SHERRERSUME.
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B AR A RERE, RARLEYA R

25 A B B A,

A HFERHIESH 97180536. 9 WA E LR HFER ST RHEF.

RRERFEME RN B R EHUT S ARt R
HEYHAET. B0 -RENY (EERAKRE LFEZHENAN v BEL
) L DIBER 7T XA R — MRS MRAEESER SR A,

ERPKE R

mMF&XERBER B ZNATFREE, EES SN E M7
F, EESRSEERMBEN TG, 554, BEBRNRENTFRETERSHIA
—ANEMERMT S . A TFTEBKARLEY BRI INE T EE T BEBTH R
AR R NA.

BMAREET, REFROFRFEBARNE BT RBRBRARLE W R
mM: WERETFBAGREPHEREIMHRARMUED. LK, —HENLYI K
WA R YESR S i R BEZEE TR . A8 HYEERN, &
E RN

(p—x)Liv (g —x)e +LL MO, — LI MO, 1)

XEM E—MERHEKRTE, > x>0

FEIERA RS, BHEEA SN EHPRERFEZSGEREERZL.

BAEREYHEBERREABLEEMBARZFUREERS 1, EAAER
ERNGREEE, TEHEFNBEBEH, IHRENZ2EE /DL EBERH
BIAIA A . B RS ERERKZ BN — A EE, FEEE FHBET
MEHE ERACEKE PR, B FELREYHEMRBIE BB AR HFE
HEHER. BN IEFERE. MEEX IR, HEAE AT
ETE, EETHETHEAFEIEMHERLCERNEES .. IPMLEERER L
REMK, BERTFELIHEREMEBAERNRERMEEEE.
EHRAELE, INZE MR ETRBBEFERENE ENER. BXBRAR
NTAR R B EERATES ERAMARSEZ BB Z:
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_uz?hode (x)_uanode

V= =2l 2
) F (2)

EE zREENBAMBKRANBETER, —REFT 1. F REUSELR
MFEERREBEBRRRTARRL BB HX M RAR £ B S
IE.

1
Vﬂvemge =- [Eu,z MO, ELi,lM02 =(x;-x)E,] (3)
Xy %

QR AR S R FEBRLEY (Li, MO,)TE BRI BAL &Y (Li, MO, ) B KHIHE
B UTRE T, Mx%T 0, ARG)WHE AR ARXALEY LIMO,
B AR . AERSERTBESERE, BEXNERIFIBEHEMEX.

H a0 2 584 A3 LiCoO, F1 LiMn,O4 B4 ILEER7E 3~4 BB FIR4F. &R
ZRAEL, ERXEREERENEER HAXTBIAEHNLEE. MEHRSIR
ZHE, BMMEENEEZUHRIE TRELB —KTEBITENER.

EFXANEN, e5XEHRARLEDHNARESL LBE LS RMAE
EME €Y. EHEXHLEYN, RENEREEEEEETIRAN, &
FHEEBI _SEM4MYHELESFEILEL CEARTERARNLEY,. W
LixC00;,, LiyNiO,, Li,Mn,0, 1 Li,V;0,3; H4F, LiTiS, FHAM—E _HiYth
B RFARENEHBRAY. BT, XEAEYHEMN—FHEHEE - A,
1 Li,CoO,, Li V3043 #1 Li, TiS, #l-EEREE N FEH, LiNiO, N /EB B X
Li,Mn,0, BEIR LR BE B M BN H FR.

BERERT—EXTEASHEBRNREXEM—LEFRXEF. Ohzuku 5
 CHTEE TFHEME LiALN;O, & BMFME” [ © Synthesis and
Characterization of LiAl,;4Ni3;4O;, for Lithium-Ion (Schuttle Cock)Batteries,” J.
Electrochem. Soc., vol. 142,p. 4033(1995)]— X F#R T HREF KBS £ B AR
Hefb2Hm. EREENRE, &I ENRER LTEIEMIIE
FIER IR,

7 Nazri EAH “RRAMTBEIELERBREAY LiM M0, M=Ni # Co,
M=B 1 ADBIE . FTRIEFMBEFEHEE” ["Synthesis, Characterization, and
Electrochemical Performances of Substituted Layered Transition Metal Oxides Li M,.
yM0; (M=Ni and Co, M'=B and Al)", Mat. Res. Soc. Symp. Proc. Vol. 453,
p.635(1997)]— 3CH #4387 £ LiNiO, 1 LiCoO, F I AR REEH Al, FHFRHEAM
KR E R L.
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PEMEERS EXEEFEAT, ARTITATHAESGENELEY, B
BERNE, BEEARABATEESRETREAESY. —BEBIKESHTY.
Fitn, ERREFREB RS o -NaFeO, EHH LiAlO, B4 S EE L LIBTAF R S B9
LiCoO, fl LiNiO, Z KM ANV F; HWARRIES —FHEF o -NaFeO, W E 4L
YA LiAlO, &R B X E IR EREE. MK, Ohzuku % A Nazri % A
ZREH ETXHARMNERNEEFLEENRERS, IFRRESEAMTEE X
AR TR KA PR,

— kU, FEREBEANBESEBREARGFEMNSTE, B —BERIAR
FIUTHERMBRARMM ST UESREAFESEPREER. Bk, Firdl
FEER. K. FNTIH, EEREEREN_REASYRAEERARL
&Y, MAREXFBH— M EHZENEE. MH, AFEREAEFETRAEM—
BB ERESHITENERA, UERKRTAXEASY FTHEE. HHH
#H. WA, BLMAXERERTEN. FRAERTYIH LT AL R
BE R B A 1L & Y IR L5 B AT I TR J7 2.

THHEGRGYEBEERMHOFEE T —LRE, FHEPREREN
AT EZDEE. FEANKSERSYHEERT, BETHEESRIRE®RZ
EFEEEAENHEEHERHXR. BWHRER, UEHNEBE—-BREEFRFNE T
Swt IRREFRITFORTRERE, EARRNEEXHE M EGE. RIRE
AR, G5, FEASEATERED, EXELE-REEZWETFIEE,
EHRBEEERRAYESREBEENSINE.

B, EEHERAEZKEPEOERERET, FRESTEHBREYE
BB, NMAEFEZRTHEFREHE. EXREMES(TL = 65 C)RLEL,
BraeREERA, BEXBEWNE, PEOMRAXEMERBENE &7
HR-‘ReEd, BEMEAEZTHNTHREARBERHEBFIRZETES)WHABMKA.

BT PEO HEB FTHSERERDHRE, CH5MNEFEZHENEHIEE
hFERMAEBRRERERSE, HEEITALRNFHEBRMERTR
EYMENFERERE, BRI E—REA=EVNBERA TN, B
FHRBATAGE GRS, EHAELXETEREKPEO WERER, B TH
N7 T B A LT R B R T R E 1.

TEHEREREAYEBRAGVRMAEN —FEAR, @SRRI ER
BERFZMREWEEANESRL R ERXRAENE R RENEFEZEM
ZIEE, BATRMETENBHME. WA, EERESYE B R MR RN
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FZEAMAPHAMATEL. HEHSEARTEEBEREEEARATES ENM
THR, AN — A REEHEA.

HENESRAYEEREBMHNERTES: EEFHNEEME; BTHE
SHEER, BUKEETFHEIMEESE FEETERACRBET HR): M
REFHESHEN AUBEEFHNEIMSEIE TEETERENREYE
BN, EEFREERN -BREERARXMSYRIBE. B THESEAE—KREH
REBREBZEY TR METFESEIRE-BRERFEIRZENESY.
FIEMEREBESHERNRESY, BORAFHRST—BA/NT 100 HOK.

H TR RMET, PR ESMYER RIF A, DIRIEEE EHA 558
BZEIKEFREEE HREEFEEFRNSRSYERRZANERETRBER
7. BE, EUEMEEY, ERXRBRNRBEIBEFERESYSBARARERKMN
s, RERFRERFROBEZAT REMKMESL, SREEFRZ AR
FEM THESHSEEFA/EFIFEEFRFERIT. ME, RERERFE
R E S AR A YR LT 5 20E AR A B e B A 3% .

HAXBMPEATEMNESREYBBRAMER. FlI0, Nagaoka EAEM
N BEBEBREN _FERER-NEALELXRYNBEE FHESE” [ “ AHigh
Ionic Conductioity in Poly (dimethyl siloxane-co-ethylene oxide) dissoluing Lithium
Perchlorate ” , Jounal of Polymer Science: Polymer Letters Edition, Vol. 22, 659-
663(1984) | L EH R T LiClO, BRI _HEFEAR-HNALELERY P HE
FS @t Bourideh FALEEN “EEBAFEASHMPRAEERRRNET RS
FEBER-BERELHEHORBEHEME” [ © A Poly (dimethylsiloxane)-Poly
(ethylene oxide) based Polyurethane Networks Used as Electrolytes in Lithium Electro
chemical Solid State Batteries ” Solid State Ionics, 15, 233-240 (1985)]H)CE H #
RTFEA 10 % B LiCl0, BB K REFHEAR) PDMS, DIRKEEBE F R4
HiaEME. Matsumoto ¥ AN “B & RELERIEMKA NBR-SBR K7, EH
“AHERSYBEBERHETFSHEME” ["lonic Conductivity of Dual-Phase Polymer
Electrolytes Comprised of NBR-SBR Latex Films Swollen with Lithium Salt
Solutions", J. Electrochem. Soc., 141, 8 (August, 1994)|B) XL EFR R T —F B,
FERERBERAERRE-T _AEARYBKRSELE-T HmERYBRBEHESK
A, B MRS ERR.

EFMERIKPEETATREYBMASFHERMER. N, Minett
% \FE “BAYEABR” (Solid State Ionics, 28-30, 1192-1196(1988)) F iR T —
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MEEETH/BETHIERSYER ZERREBRR T HWEHNREIRELEER
BT FeCl KBWMELEL, HERKGEHE T FeCl, HBFEZRERB T KR
KMERK. SMREEETLEAMEEEm P, DEN AR
PEOGLICIO, W&, EE%F] 4,758,483 (Armand)f R T —F AT E S8R
HHEERREGYEBR. BERIZEERSEUBBRERFETHEZEILERY
HRBETFREYURE ST, ZETBTFREEMNENIKEZRER, LES
RARBEMAMMNE, NMBILBHERERE. EREYRETERT —FE
i, mEERE. Lifi Khan £ “BERNKR 2,5, 8, 11, 14, 17, 20, 23- \NE =
THRERS@G-ZHERRE)NRELRBYH S BMER" Makromol. Chem. 192,
3043-3050 (199)R T —MEKKNBA LiCIO, NEZLEHEES—MENBE NS
SRR 4-Z B EMEEAREEXRY. RPROESEHEEFSHWN, T
WS RETFREN, ZERYAIIENREYER. ZRELREYEIME
4B, XA BN BRI AR E WS EERA.

EAETHEENRIRAEUNERRSYEMBER. BRMEHENETEE
woh, EMFEEZHEGE. B, FXHNERNEREH &N TRARKY
BHMARLEY, IRBRARLEVEARENENRBTIRBRHNEER.

AERRNS—BHREBETOBMHESARMESYRESHTERMBN Y
2 UBOFRXEAEYITENE N S5HA.

TERARA —-TEHHNERENTREEREHAS Y9N ERARELY B
T, EAXREIRENERBRLFER.

EERANB—-TENRBRUEBMANEHAR, XHERREARFNETFR
B BEMRYRERE FESTMI.

FEAX S - ERNRRURFNEBANER, XHERERTREN,
EERY, EEREBAGHERFEXISHAAZMEARBFNEFSEME, M
AEFREEIEERAZERFRTFMEFRHEME; FEXHERESSHMEZTR
Hh 1

AL

AEARBTHATELABNYUERNE TH . REYRBR. MEik.
BRHUHENTRTEAMATEE S, MXEUHN™ROEMEAFHAEERE
WHREEN. MR, FEAN—- T TEHEXTUATEMERABENE T
8 EBR; — P HEPEEH MA—NTEPRESRANRHGEFEIE

10
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RBATEFEANBHENREN; BT ESREARBARHNEER F—F
B RZEBRRSARXANBROAE, BRIFTUEEETUAEEEZH
BFEEHA; EE -1 FTEBREBEMEEARABFEEZINAER; 5
—HEEEAZAEERA, BEE MEROHE.

Hy—AFH, FREEHET BN LLMN,0, KLEYW. MAINK
BREEBEFHEKRTE, xyMzE&ART0E 1 8. y Mz WEEERESR
FEEYF MN, OB HAG-x). EMANFH—-ENF, 5
TR Al. BE Sn; MEMMNFH—IE Coly, Z—TAHRERAI. B.
Sn. In. Si. Mg. Mn. Cu. Zn. TiEP. HE—1ELHEAHFRP, REBMN
BEME, EREVHTRERL, ZLEYHBNEREFELREY 20 % #
p-EERREE. B —AMEXHARP, ZABKNTBRBEEDH 2.5 K. AE—1
LR F, ZHBLE BN o -NaFeO, £8, IER LiMnO, £, M RE&R
Li,Mn,04 %544,

5 —LHe, A ZKERET —FMERXA LIALM, 0, AR, KM &2 Ti,
V, Cr, Mn, Fe, Co, Ni, CumZn. ZIUEYURFEHNEEHLEY
REFHIERN, ETHXHLERFUNENREBEARYTK.

ERH—EHG, ARBRBETHEZISYHITE. ERELHHRP, &
FTRAEAE - FEERECEFBMBAEE)ITEAEE N EETH p /8
RRFHE.

BEARANF—FE, BRETEHHESRAARN IS, SESEETE
WR, THRZER®, FmBR3IEERA, DAEXHRAOTEMLTEREAR.

H—FHE, FRENARTHE-HBEFEITHEINAE, CEEETHEE
A4, SEBEEHASEREBENFRME DREZEXFEAEH. SBHI4En
REEBFEENELRIER.

R —FE, FRARET-HREVEAR EEEBETFESHREIABRYEN
EXBRESE. E—HRBUEEHEES-1TBTRRHEENEL 158 T
HEBEERTREANE_MER. IHFEAER AN THERENEINE
B, BEASE0 - 70 CHEEN, BIFFE-25-80C, FIFFE-40T - 100 CHEHE

11
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N, BEEEHMERBRY. ARYEHSIBRAFHENEN, SFaETHE
FHEBERFSHEHENLTELEFSRERBELER, UAE_MHEEEX
B, EHE_KERGSHAHNE SEFHESERXTHBIE.

H—AFTHEERAZHANRSYHEBER, ELEEHBAENBRE. X
B RS TRESEM, NEEEEl. EEMEHT, BBRSERMR
WMEBETEESN, MERMARNE S 558 a<EE.

B—rH, ZEARME—FHE, ZHGQEEHEHME T AERORT
REN. HERFNHEN, HPE—HEES 42, B-HEESE—HA
HBRNSE ZHS. F—HEEMZEERERSRAH, EE—-H5FE-HZ
F R E o A EEEPFE— TP, E—XHAS, B HREAB TS
REVHR ME_MEEFHESEREAY, MEPRNEEFEEHA. XS
AT LS AR R AR, BT 18 £ BURL AT DA e A & B 6% 4 R B

H—FH, FEHRH®T e TFHIBEREY, M5 LABTHIER
FYBFERBNEFEEME, - S5ZBFEEMHBEFEENE THESS
REY. FRBETEFEMATUREFEEIEIN, ZYRORBFSETHEEN
B, B-FAYSEFHESERGYAEHFEEMESE THESEREVELS
THEE. XA % HE AT M A T A BB AR B R

B—7H, 2RARET -HBEYROTE. ZHEWRTESHDTNIE
&, AEE—Hy, F_HAHMEL—/Bki(one particle). %% 5 "] &3 FEE
T EERERE R, FlimibEEEd, EE—-A0 58 _H4oREHRNE,
ERFE—HESE_HERAEERFHHMEN, HPE- MBS 45, mE
THERSE-HEAERENE_4As. FIdPBRIBEE - MHEEHZEN
SRAEHMTZL. BEARAN—FLHEER, H—HME M52R8 T
METESEREY. BETHESBMATURAAHNR SRR, MHK AL
oy i

FRAGERSET -HESRSYBERERAS. ZA4aFAR. ER
SHREMERSANERE FEENFE—BRR, URSHABMERSSIERET
EEMSERE. ARMERPELE-IRBVGELEY. HERFHREHAN

12
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B, FIAMENEEETRIRENE -4y, FANARREARET SRETH
SHEASAHBERIFREMIENETRSBNE A0, URMATHFHESE
Ao 5B THEREAETZERHEE S F LR T8 £

B THEAFEREAFSRHE, TEERIFRANKENR. FaFER
Hey. ERES, £E5HEROT4HERNETERR.

it 1 Y 7 B2 136 B

A1 R2ESAEHE_RBLYBRARMAYHN A EE T EBHNAER.

H2RAXARGYEFERVAIEE.

3R MIERFHNHUEHORI~ER, ZHENCEREELBHREY
HER, SZHEERIHBEMNBEFESEESY, DXEETREYHBRERS
HFHESEEEYZE 57 ) FORL

H4RAEZANEESREYEBEEBHNAEE, ERBERMGAHK, L
BAAREEHE 3 IRWHERTFNRSYHEGEHHAN, KPeaE2HHER
Sy mERMATAFENERARLEY, MAKRMERBEIEZANESY
FH, 7R O O

B 5 B M o« -NaFeO, K LiCoO, KR X HEMHE, ZIaYRE
Co(OH), 5 LiOH-H,0 W#HRIBE, EESF 600 C T hn# 8 /et w43,

B 6 B¥ % TRH & LiCoO, MEEMWATIEM IR X HERER, &M
ERGTHRE, BEZSY 100 - 500 Cim# 2 /M.

B 7 RABHI Li(Ali4CO3)0, MR X HE AR EE, A RREL i
BHRTRE &, FESSP 400 - 700 CHRBETHELE 2 /6, EEMHELT
#IE B o -NaFeO, gh {4514,

K 8 BB 3 F 4 #l&H LiCoO,, Li(Al14C034)0, 1 Li(Aly2C01/2)02
ZHBRMFTREEME UANZURARMBAER. 2BENMABRABREANS
W, TEHERESFFEXRERAER 02 BX, EHEAREBTRERKEAS N
Lio ¢Al,C0,0; .

B 9 BiSLHM 3 M 4 1 &H LiCoO2, Li(Al4Co34)0, Fi Li(Aly2C01/2)0;
SHMBBEME WAHBURAMHAIER. ERENNRMAREAINSE
W, WEERNELEFEXERTR .2 2%, SHMARAELTEERKAS
3 Lio AL Co,0;.

B 10 EFAANBEEMANFREESHEAXR, XEEMHERM

13
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B AR LR 3 F1 4§ & # LiCoO, F Li(Al4Co034)0,. TRMKR S BHE,
B %L 0.2mA/em® B B L5 BE T L EARFRA 4 A Lip 6A1,Co,0,.

B 11 BRI 2 &AL A Y (LiAl4Cos/s)O, B P~ T8 HE L EL R 3R Bl £R.

B 12 RIEEHEH 6 #l&HIH BN Li(Aly2sMng 75)0; FIM K X STRATHE,
A R4 Fa L o -NaFeO, &/ AL R F &,

B 13 B— A8 Li BHE—KEEKEME, ZAMaSRIRe 6
& B Li(Aly2sMng 75)0, fENIERR, USBEEAAKR, EREIEHEFEER
THEEF, RAEBRARXAUEGYPRETEDR, BANREEHHBFERF.

14 B—AANE Li BN AR SHBIABNER, ZEbaSERLHE 6
85 B Li(Alg2sMng 75)0, fE A IERR, & BEENTRR, BHEEETHN TR,
RE KRB ELEL N 150mAb/g FIEE.

& 15 & PLMA-b-PMnG(47 @ S3)MRERE(G) S HFEEE (G XK L
%1 15 % & H) PMnG HEYH G"5 R L5 £ (reduced frequency) X R, HHbE%
Bk 45 C.

B 16 RikLMs 7 H&8B4HF LiCF;80; ((EOL:Li'=20:1)# PEO(O),
PLMA-b-PMnG(<) 1 PLMA-b-PMnG/PEGDME B 5 #1(0 Y4 R K 5%,

B 17(a)& L/BCE/LiCoO, B 7E 20 C T &H#] 7 455 B/ B 15 I Y e W /B 31
WKL R, T E 17(b)2 L/BCE/LiCoO, BH7E 20 CHRE T K &E— 1 F i /B 1
.

B 18 BHK 640 FHXE¥EHEBR, ERATHSETHSHNPRERER
T EEE-PMnG BB SR FHFENRNERET ZAEHSENHE
HRFHMEN.

A 19 REFAESBHHEEIRFHREHN Y EHMBRHOENHE, FiRE
A BHME W BEBRILNRERGPAL —FETHSEESY). PMMA-r-
MnG)(—F EMLRYBEEF), UM TFHNSFRELHN ALO; HBR(EEHA 5
HOK).

E 20 & — 7K PLMA-b-PMnG # BX AL B ¥)(47:53):B 5 B F BB A (TEMWE
BN, BT EREHEIRER.

AN
UTHENEELSHMBBEEHIEASERBEHELIAS®%: 96 £ 10
A 11 A B Mayes &£ 11 /9 60/028,342 S HE, FH N EFRR SV HERE i+

ot

14
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PR ; 96 4F 10 A 11 H i Mayes LR #9 60/028,341 S, HHH
“HW ARy EMER” ; MI7T4E 7 H 28 HH Ceder 512 H 1 60/053,876 &
BiE, AR “HARLEY, HVEREAFE. 7

AEARE T UG BEBRG. XEFERES, UREMNBOHEMERY
.

EEFHMNTEANERSYHEBRRBENE 1 Firai)RETEE
. B 1IAMERREIE 10 BBIER 12, ARk 14, S5FERK 12 f1fik 14
EREFEENEAESYBRMBR 16, URBEIF BN 13515 05 5ERK 12
Mk 14 ERBEFEEMIEK 18, ERXP, “BFEE” M “BFEE
REBTHRE TS AEAS ZE B/ BEERshEDT B, BPEEEKE R
PUEBRMEEE T, B0, HIER 12 Ak 4 SEARESYEMER 16 et
FH 2 Ak 4 R5EARGYEERERETEE, EIIHLZEOERBE
FiEHE.

R 12 BEETFHESHEME 260, BFHEIHEEN 28, REHBSMEK
ARAEYHR 24. ATHEXFENIER, BHEXAXLSYEER 24, BFH
SEM R 26, FETFHEAIERN 28 EERFTEREHREESY. BRAK/DE 10
- 100 A KTEE.

B AR ER 10 B4ETrREFR, WHEET ISR 13 1 15 ZEIKEM—
EP, FREIAZEBHMAFEATHES. SRERSMATEMEREMN S
mFEITHI R L. BRI, EREFTRP, BTHLW 15 HWARK 14, ER
"4 FS5EBEFE54EHKLI. BEFEXIMRMRLE, BFESRE 13 HER
12 TS A GBS, TEEEF 20 IER 12 S AR 16, FFibHAE
RAEYRMER 16 PHERM ARG, EER 2BOAR EFHIEETRHE
ARG Y BRL 24 P, SHRETI HR 13 MBRESYHMER 16.

FEIEFEBATEAENAF/MELIEERE FRAAW, NEEERA
B, EANEKRARLESYER 24 FRBEE FREFRNERE 14 AIREY
HER 16 ZENSFEBEEFERIE, EEELFERE. B, &
REBTARFAENBEHGEE, BNEREFR 24 PREEFEFHRATREESR
EHFLHER. HESBF(EHEMEEBEERT /I EE BHSHRESR
R, BELBERLEEER.

E2RAEFHBBLABYRER M4 WABEHAIURKEH{XEY, ZKkE
HEYE), FEYEBHR M E—HHBBEERYAR, CEARMNENM TERE

15
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T EARME R THERENENTCEAN, FIELSEC - 70 CHENMEEA,
BIFAE-25 - 80 CYEE AN, EHFE-40 - 100 CIEEM)IERE. I RFFEFHE
R, ZEBREBBEXEYEAR, BEZEL-1TBETFHSFEER 47 12D
—E_FEER 49, F_EHBRESETHESHBERABERESN, —BREEET
HEEA, XLEBRFHFEFSFENESTRRIERENRBET, HEEEY
BRGBREY, SHBEESBRREEH; MHRERRSEEFRFIELREE
BRNBENEREN, WEREFNEMEH—REBMXMBENTS 200
X), BB TFHESHERGFAMERNERSE THERBE X (domain) B L& E K (E
FBAAEYME), DEASETFHSBEIAHEBESHNIELRTE _HE, XE_F
REHFE-FERG WM.

MEBETFHLERY 34 WYMNEUTREER: ETERET, HHEE
HELTEEW, RE¥LERBESSERENERTH Te), MARIEL &
EUE. BERE RBFELZNSESMES BN, BFESHERERELEN
EFHSHRXMEBRAEEYMEN), MAKBREXEYPEAMNSAS, BEBF
EENEFEMTERERK. $REEBAUNFETERERERTREE, M
HEAEH#EBIHURMENEFR IR, EFXP, “MHEIE" BREEER
YR EROREBRESNEF#EASE. EENEFEREBETURVYESR
FRAFE AR, BT RE P10 R £ 1.

XEE, WRBENIES, BSTHESEREY 34 RHBELRYENS
ik, Hopgak B BRI LR S| 1 AR MR M B AR /S SRR A ELAE
B, BfEsE SEEREAEREHEER, SEEELRIHEERSERZ
FEEGE, REAAEAREETRHENTNE TR, FEREEER
AYEBREMAENORTREHE. XMHRXERZENIELNIERS] R
MEHBRAEMRTFEER. £5RTHERRYT, ®KELRYERE H RS
M, EPARNEERSBHEAE—E. FRERRKRENEREN, HEHE
WUTIE ke, AREHEBRZEMERAER, FERYABHIBAENTK
B, 8/ RBTEEHEXBYNFHAS PR —F. XEETHXEAHAEE
FHZEMER, KRZHBRT AR B OHET ERES . MRER B ERT

UT2FHBENTRSENTAIBNERAAREFEMATE FE
SHBBELEY M HETHESEEENE _HER. M THEHTBRELZAING
T ERIEERY, ASEBE RS0 - 50 B, HEEREHAN >10.5, Hey BEM

16
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S E AN Flory-Huggins B E/EFASE. WRASMEBHILAR 50:50, (N HER
EELA., FFAMNKY A-B ZHELABYWAR. FESEBRENATWy ETH
L.Leibler 4 H B9/ E (W Macromolecules 13, 1602 (1980)); TiXfT A-B-A =
# Br 3L B Y, WIF ] A. M. Mayes 1 M. Olvera de la Cruz %4 1 f9AH LA X E AT
A FETEEMSBHRITRN Y BEBIECR J. Chem. Phys. 91, 7228(1989)).
AT A AN R BB ST XA AW, FRERAEMA N FEATE RS E ik
el = i B AL B Y8 e 40 AR

ATEFHSHEEESY 34 REREXERYEA RSN BRI TiEE. X
& EFEEAERZERTARTAORBEN T A EN T REE, mAFANIE
FAES RS FEMASREY. Wi SEREEXRYNHERSEEK,
BEAERRAEREE, BARAR-TFEERNS LK.

BTHSEESYMNRBEARYENS FTEMNEFEGEES, FEEERT
EREHEN, BREFBINES. B, 4FENEDH 10,000, HEDNR
15,000, EH-ZE/DH 25,000, FHFED K 50,000, FHiFZE /K 100,000 & /KiK.
BELEYEBER 4 TAEETHSBEER 47 IEIREMANE _MER
4EALEIESEEY, RERFEETFHESHEN), BESHNIRIBER. &
“HEBRTEAEETHSRNTARE IEFENARRE. RPERAR
+oEEEEE, (HPRENTREVUALERSBN, BRESTREEER
HRETFER, FHBNEBAETREEMRTIERE, HFEEEBASEALESERH),
BERAREER, BORERER BT R BERRZRE AHEBET AR
R BEEINRNESYEILRY, WERZEZIF(polyethylethylene), RZIEH
BREEARY, UEEFEIFEEETH LN NS Wik ERERAS
YN BEEZRE. BERA Tg /T 0 CHYRH, BIFE/NF-10 TH, EiF
B/NF-25CTH), BIFR/PT-40TC,

BrHSEERTUEEREZECEONENMHAR, BHERELHE
FIRMET Tg. BEEREMBBEARIRERN PEO MAY. BFHSHER
DLy B P4 ERBEENKRZ Z BB [methoxy polyethylene glycol (PEG)
methacrylate]GX EFR N MnG). FEENGRL _EE. URHKERENRKR
EEMPENAREENEIEEEERNUEBEENEFREALHKCPEO)RREZ
BZ(PEG)UEEHY): 3% PEO = PEG EMSHRT =% URESERER MU
£1% PEO B PEG UMM R R L A% B FHEFEER DA LIk Ward 5 AE
ZEEH 5,051,211 FARNBEFHESERSYMEAR, RERELRSI AS%.

17
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BETHESERAYMEEEBRAESNEMER S NS FHEF AL,

BTFHESHEBRNEEFESBEES 8N UREMASHWESY, W
Bi, SHHEBEANKTURARATHEALEY, RERF-ITHERAER
SHETFRENE, MEREET/ERET, ANEESRE. BREEBESHK.
UERBEBEZSHRTREFESEERE XD, AREFAT, RBERYHER
Z—(BF M EBRREXE) A S RERY (B EMLRY), KB AL R K RE
HEY), MREMNESETHEORERANYFIIR, NWeRERM. BEFHESH
REYXKE, EBTHSEARSYHELSIN R LUESES FERRNETFHTSR
B, CAETEREARYNEFESEREY, AMESZERYNETF
SHE. ATARCE_RE.

bR, REERYEME 34 EFATERENE FHESH RS RNE
SRR XEXBHEFHSEERGFSHE WERF_MHACHERE, X&
KES5E—MHREAHES, EHF_MHERGFEHH, XFE_MERTTURIE
SHYKEREETFHESEN. SREERYBAERN, EZNBTHEIERE
PHELE—£ESNBETRHEEE XXERBTHSENBRBT AN, HER
HEANMESBEER., LR, ZEBEA A A ZB A (self-assembling) ¥
SRR ZERETURRBEREYRAARERRBSYNREY, TEREREEER
v, BREAEES—-FEEWNBFEENHRIVEEN 1, 283 454, flm,
BERATALXANBERAEESHREABRERERYHEY, ENEEERERE
F, EPaiEehis, RERMMEENESZETFHESEEE. YEEEFHREET
SHEN, BEERMAFE &S ERE S8 R %51 (sphere morphology
columnar structure)23& R, A ATGELZH RHEREXRYES, XU
ZEH(double gyroid arrangement)ER XN &R AEWE. AT E HAR A R XX &

AETFERTHAEATHEAREHEN S FTEMASWBBRLRYEBR
34. UABFIAREE-RPENBERI_BEEMG; T A Polysciences)
FE—-MEEEHNREY,. ZLEERSYH Tg H-60 C, XL Li hBIREY,
HERESRAN 10° S/em . MHE/EEEE MG IR FMARERBR T
YrEEE, A48 MnG SR ERKBR T ZRERN —HELRY. BIMTEER,
BEERRERANYGBYHRN, EIF-—HrERATMEESERRERLY
By L, RESEEHAHERSPHERMBEEIF MR, XRESRELRY.
MEEYHELBAR(XEEERATHEAN), AIEREERYBCAE T

18
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FHEE, BB yEER. REERYEMR 34 O R AN T 5k a0 5 i B i 8k 1
%, HABRARFEARGRERTRELGE. 5 RMLEXEREILRY M
BEAREFHBELARN GBI,

AUFA AT MEENFEAREFATHRELRYERER 34 WEEYH
4r. B, BTHESBERNE_MAEBRMAAHBEHMREHR. 4RER—
MREENHREEXRYUE, TEIERAHREREREHEETERTALY. W
EMZIANFBARTERE, WETFESHERME _HEREAHEERW,
XY, RETHEOBESE. WRRMED - TRBARTRE, MEH
MRHERASTRBRE, HFREEBHESE, NERARHAFREENHTEBEL
HTRERLINILFESHNEE. IRNEI -1 HBEAETRE, T#fTH—
MR/ ERST RSN RN FE R RFHERE RE THLE. & 1 Bates.
F.Macromolecules 1984, 17, 2607; Rosedale. J. H. #l Bates, F. S. Macromolecules
1990,23, 2329; Almdal, K; Rosedale, J.H., Bates, F.S., Macromolecules 1990, 23,
4336 . REFIELG R TE 5 8 H 0 Hr50R (3N DSC 2 DTA)E, X &4
BE.

A—TREEILRBEIERYZH, WEETERIBERE. MREMHRE
iz, RPEMNKBRETAFEMMESBEMNHZ SBWIRSTRE .

FEFRAORAATEMPRERY EER. NERANBERTHTE
fRAMEN, RFRAZEEHRESFHESHETIREATREBMZEY
Hesfdd., A4 ARANBEBEETAEBRN4S, REXSRE 3 N
BA.

B3 ARt TARANS—JITHEH. B 3 WEHA EERIEEm TS
W, HPAaFEEEmEnamReEr—1 4. &3 SERRETZEH, B
AEHEATHE—-ERENDHASTMENEMSH, UEEEREHT R
MRS E. B3 NEHNERLTAFITHEZER)E 36 ERFORIE 31, X
SABMRENEEHERFHBREN T, MEHMEHRHE—HS 33 5F—
AH B ZH S 35 AT B RT—//DNT 25 100 0K). H4 33 54
4r 35 RATRFREY, PHNZAMYREMAELHERFYN, SFRHEEETCNATE
B, FlaREDR—BRAESEREYREEERE ENEXFETAIHBROES
Y, BEYFHRERRYRMHERESS RE. KemABRSHE kA RERTE
BHYRZEMESYHFF. 445 33 547 35 HEFEREAR(—RERE
AR, EARREFEEMUMERFNRSYMNERLE, WEFHEEM

19
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B RE 36 &, XBE “MERTF BREZSAPAAMANS T HIoHEERAE
—E, FEEMHENESERINEEERTRERANOBESR. A3ZHKEN
RECRAFBER | BRNBER. A4 33 M 35 EXEH R0 TFEHSH
BEBORTAR 0.05-200 ok, EREH, HERFEWESBER THY
0.1-100 KK FB 4.

BRI THAFH33 5352, XREIET=ZMPHE33. 35M312Z
(] 4 ST A 5K TR 31 AT FEAREI 4 R 36 Y. RIS R EA K EE
BEHE, A4 33 535 mRFERTREANMBEECRIEEE)R#FT, WX
SERGBRINBHRESENERN, SCEATHRERNRXERAE. WAL IE
ERMERERAERFNEN, IRENRHEEEARLFTIENEY 4 E
(spinodal decomposition) T F=4 K, R B ZPMH AT BB TEFHBROBNE
EMrEde., RN, EE-BEULE, FAMERSYNETREAMN, THRE
M = Je 95 18 & (spinodal temperature) 2L T B, 043 BT BB R F 89 XUGE L4 MK
ERANEFAN. F—HELE RAREASNABETENS, YBEREEHE,
¥ EMSBEREERFHIGELZEN. FAORM—FER, HERTHIE
SEMREREELREANN, SREXRTERYHERFNNELELEH, HAD
BB HFETRMENSRE 36 L, SEMBEEUTRGTER i, BEEX
i B 4R

YaB> 2YBc ~ 2Yac 4)

Hiy, BAYHIMjZEAMNREKS, AMBERFHBANHELEENAS,
C RaRPRE, Mype KFyac. XHFEHEBEERR, BABRHH 31 BRE
544> 33 8% 35 sk R .

FAURE - HYRRTHEXEREN - EEREN K S BEYH A
M BEBEABNT, BRATFREREREAEYHH C, BRBER/ERBERERT
b, iEBHREREEUERT IR, AERENERENEEK. F4, BT
WAL REL, THEMEWE.

E—BELESFRP, P MHERTHHERSY. BHARSYHESEY
AENBEEAENTBERLERGR:

2xaB > 1/ Na¢t+ 1/Np(1-9) (5)

Hoyap EATBABNKE T IREMN Flory HE/EAZSE, EUBEREREREAS
AFMBZEMWHERS, NEREAS ISFELNTFYTER Mo RAHS A EFRM

20



200510071285. 9 oM P E16/33m

10

15

20

25

30

AR TFRERESL. TERRXOHETREYRSYNARERNE. &
ZHBREMEMBET, NTASHEIERBEYHNERR, REARSBRISH
BAMH, ERAERFHIGELSH. HEERSETH TRMHEH:

Xap =V (84 - 8p)*/KT (6)

HAs R4AS i B Hildebrand HEE SR, v RPFHSTEBER, kK REXKER
B, TREMERE. "FZ2REYVHBRBESEWVUMIMENRZTED, TES
EAFRMEE D, SEELIERBESEENNEMBENPHTH—RINERE
WP BE. BO—FRRFMHRSY R REER T ER b 3R BRI RE &
AEFMEAYNER, AENEEETEMERERES . WRAZEREH
BHESERHSTEN D RS —FHASsHENEER TSR RET, ZREY
BAIRERET M HE.

ERERZHOT, FEALHRHETEXGNEEK I FE BRUTH
MRS REL. AR B REESYHZEINEHEKNDES TXREHEIEHASEME
#:

b
YaB = (xap/6)"? - kT (7)

Hih b REWSBREE. NREMEASNETKACH, EAFERELS 2 E G H
AT HEMRANEMEEREGINNE-RERYESYASERN
AR E R SRR M), BEKAIEE TN CEER, EFFAREKAE AN EBRE
HITEEEMANERTE L.

B 3 Frs B BUR 31 LT 4840 1 36 AL RIS R] A8 F| 3t FAE 4% & B el it 9
Bk, FHRATEEARAYHRBREMN. EREHHT, FRMNHAT 33 M 354
B F S RS Y R SR 340045 & B9 B0 B AR R )M, T BORL 31 R AR
FER@AZFANBTEEIERME. XHEHT4RE, BEFEIBERS
SdFHSHERESYNASESRBRA LEM, BRHIETRSEEFEEER
5 EL AT 51 R B iR .

M4 BRTHEAREAX—ZHTRAOEH, RPTEBERTEASESYE
REMEHE 50, CaEEARS2, k42, DREHET B 137 15 Ko EE
18, SHE 1 A% 10 AL ZEAFI S S0 B TAMk 52 TR 42 MREHEE
BENTELERSYEMMR, ZEWESE—RNERT/ERE FTAHBEREN
FRESY, HEBRATHMEZENSAE, MSRE 3 FFRANTE. &

21
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MEFRERRBREEHEFERBEREY 32 5B ILR Y BE K 34 XM
HEEFOIGESEN, HAEBTREEFR(EER 42 FRBR 37, ERMK 52+
BER SOBEETHMEZEKLRE 36 4. REHRBELRYHEME 34 5EHR
42 MR 52 e, FFEERMARZEEZAE FEE.

XEHRE “WEL” RSEEMTRSYHESRA T ENEFEEENGY
HERFHREDEWESHERN, ERFELEARAHEERFHRESY. Hf
MEM—IEFEEER, TEERREASYTINEELNRHEE, BIEILW
AEFEIER, XFEIEL>-NTEFEEFEN -5 LR EYEHER
34, WBRRFE—FEH, HPRRIBHLeHEFEEFEEIE FHERBAR
A4 32 55 18 WBIMRALERTER, HERGYHMEE M4 REETE
B, AEHHERFHREYEHN S —BRCRFAHEANEERFHRESYN
FZEMNMBRESFRELMHERFAHERY. E—NRINFHILHEFR+F, HE
BENIESEMNSEHESRAIUTHER: NME—BFRIBRAEE TS
HEBREERATEFHESERESY 32 BR5 I HE, FEIHERFHEW M
AR 34 EBRIT AR 2 5SER 2 HRBFHERSYHERE 4.

EXEMPHEBRMERESBAESHNEFHESFENRESY)MEF
HEEEAY 2EFEELBEESHENE THEFENRE YN EER Y BAH
ERFEMIGESESEH, HEEEIHR 37 A THASAEL, WEmsRE 2
FHERTTETREE. oAb, ERBEMNBMTHERET, BETHSERAYNRLE
AR IE Y.

ARAMBFHESEAR NiFHe LRRENCRAREYFRER, Hm,
Rk, BOUA-TEEZE). BEE. BUARERER. RAXBRLHR. Bk, B
S BiZE(poly isothianaphthalene). R(FEHFE). BGH-EXEZME). BEY. M
BO-FE-EW)., EREFAT, ITEAESYHNREFEEANRRERTESER
EYEFRERNTOBEE. flin, o] ARKERBRRERERERT A-F B
CH;Cl (/L Y.Cao %, Appl. Phys. Lett. 60, 2711 (1992)). EHETEHR T, ¥
BEYWMTABERREEENG, ATRETREHTROCEREMERSYREZ L
WEREY. Flin, TELRESYHEKRERGMHKE 200 CULERGYHE
HEBERXFREBAARCGH-EFEXZHEE. EELEELT, IRFEASLIHMNK
R BEMER UEHETFEEREBE.

e 50 BB TEMAHFREEERVAFBMMET AR, B, AERK
MAREEARMERS TR T HEXLELMF. BE T8 3P0k 37 0 54 7]

22
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DIEAE(TH RS 2 HE, SREXERMRHEKARLEY,. RENER I HR 37
MEEBFHEFULRKESTHEFEABRR 4 ER K LEREHMER
B, YRR, YNERFEDH 37 HHEEFHETUREEREFHET
EAFR 54 R L RERERMEY, BT ERBR 42 FHAK. BHRS2H
ERMER T LIE.

EREHAM S —FE, RAEER42 ZHHE 52 4552E 3 8E 4 FRHER
B AR, T 5 — AR AL AR,

R A B R MR 34 AT MEY, SFE 1 R R KN
M, B3 FRig, SERTED. fim, SEE 4 NER 2 UEEE
EHENTEARMEBEAEEARHS, 2P0 EERREERYEER
34 REREFHEAMECEN. BETSRMAANEEEFNTFARLBENERE
HWERRAFEE. Fl, BEeBE T Na'f KT R R AN F, B
FRAREERE T Ca™f Mg™). EFALHAXNPRENREBENES
.

AEHHBBEFHANSFREEFETUMNFZSHEPER, XEMN BT
BEPA RERBETHMEIETOME. —WS 58 F 885N B
RLEE A& A (A0 Ag,WO;). ZEXFEE P, T IR N (8) AT 3 #h B 4R,

2Li+ Ag;WO; = Li,WO; + 2Ag (8)

BRARCEWETER, FEERELHEST, FHT LiCoO, ZEMERA
RAEY. ER—HLHES, ERATOTIRYE, ERKERLRFEERE
HAR p EFHENER B LVHBRARNEY; EFZHANHELE K
o, T A B B T S ABURL

B 4 IRHAKANEBEHEEZDRAREERREHREMRE)R—
MU, BEN B HRKHE AT E AR B E Y (connectivity), AIRMERI/NT#
MAREA R ANEFE 0. BAmi, ERNT 80 BOKKEN, &=
T RAE FYUOR B A/ BORE. {5 P B 440 ) S0 (B L B AR T AR R 8/ 80K
AEEBERMAEIBF AR AR LZETAXHE ERRIARER HRS
EETRAEEEE. NETERENNNLRE, BTERDHNTRARTEY
HAMEERE. DYRERSERZ LR/ EIXT/RRR), BEED
BRI BREERD. NURE BEARZ A MR AR 89 RF 24, B
BRANA/ESEFHE-R-BFESE MR R SEMO Y. B, FEHAR

23
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ST HEREBRER /DT 80 KK B 78 EBR(BFRER EFR), BRHR
TERT S 20 HUk, BHFAMERTA 1 #0Kk, EBFRET Y 500 41k, FHEHR
8T 29 100 49K, BFHIET 4 10 482K,

AEHBRET -RINNEFEERE BFEWSEATERARNMME
ZHREAY, BFIEESBRRER_EAMLY. FHEaxsibey, REMERATE
PRI AR ITE, BRI BT RAR#EITRA. SAERNR, XFHHFEERHA,
5 ERMERBEBRRANL, SEBFRASRNEXR_E4AYE, BFEE
HRERBER TR, METEWEAEETEEARABISEERE T LHRE.

FEARTENWESRARNMY FEOERAS - FEEBEEES IR &
FEAEBERRTYBMEE. LMTO H¥k. FLAPW M Hartree-Fock J5
%, HENXAE-FETFERAGEEANHFBANBREELARANTEEN.

FAXETE, 2xARHN, NTERFREENENERARLEY. HY
ZHENETRERBIXEAEGYNERT p BRAEES. LHR, HEHE
EEFpREAMES LB FEERELRAERN, EAXIEYHAERRED
BRI,

E—TEHfs, BBRUEEHETREINEARET p BRHESLEHNETE
BERE, LT CERPTik:  Computer Physics Reports 9, 115(1989); Rep. Prog. Phys.
51, 105 (1988); Rev. Mod. Phys. 64, 1045(1992); FI/5% Phys. Rev. B23, 5048(1981).
TEXEHI S, HETAEY MO, M LiMO, W HHE, TEMNBRXSELEY
BAEHRMNILMER. REESEM 40 x 40 x 40 SHOME LR SE B XA
hEYHRHFEEZE. BEXITERU—TRETFAF L, ERAN 1.15 B
WG, XIHTEBRATERARLEYERIEBY, BB - THEFLHET
HE. BTEMARMLEYTERIMEERT, I THERBIARAILEYE
JRF p BBRMBES LB FEERE, MAXHmE.

ZIFETHAXBMARETEN, ERARLEYERLES, BBIAES
ARFLMBEFEFESE HENEKRER MO, fl LIMO, XFHMAYHRLT o -
NaFeO, Sk %51y, BT A BEREF Payne, M.C., M.P.Teter Z(1992) iR 1Y
HABAFETER [N «BRRENLTTETRERR/MET S o Faih%E5H
Yt " (Iterative Minimization Techniques for Ab-Initio Total Energy Calculations:
Molecular Dynamics and Conjugate Gradients) Rev. Mod. Phys. 64, 1045]. 4 f.AER
BB # T 53T E. I Kresse G J.Furthmuller (1996). Comput. Mat. Sci. 6: 15;
Kresse, G. #ll J.Hafner (1993), Phys. Rev. B,47: 558; Kresse G.Hl J.Hafner (1994);

24
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Phys. Rev. B,49: 14,251 HRETH#RH), FF7E Vienna WL H BRI A (VASP;
Vienna ab-initio Simulation Package)kfi4s 3.2 FETLHERIBREE. T 1L, HER
AR LUEYHERTF LB EES M, AXIEYREReEtigim.

= I
mARILED LiTiO, | LiVO, | LiCoO, | LiZnO, | LiAlO,
BBRESIMEETFLE 021 0.24 0.25 0.27 0.32
HIEFEAT B4 H
AR B ER| 2.36 3.05 3.73 4.79 5.37
EGERSED)

Hit, AZHARBETIH ELABUBTEREN, EERARKEYERIE
FELAR20 S B TEERBIGIEET LETFHRED 25 %, BEFAED
30 % )HWERARILED. |

BAXEKEEAHAEES AEERARM YN —EHPNHEEL, B
HEXERANERASYHTNEERYTFEFARTXEASY. B, B
ROFEAFERARITERETRESHTERAN ZRBLYRAERE. &
XA, HEH LiCoO,, LiCoS, Ml LiCoSe, )4 RAEES BN 3.97eV, 2.36eV
M 1.68eV. RAHMMBANR SR, FTXHEMTEN, ERAXEREBELADR
ZHEFHRENHEHEXNSERREMNXLE.

= I FIAHEEHBANNLEY, BEEARANERARLEYHA—EER
SIHBAMN. RZ, EHRARLEUTUHAEZRAR LiLMN,0, R, EXAR
h, MANRKRELBEFRIETE, x, yMz40HTEFO0 - 1 ZEKEM
¥E, By Mz MEBEEEAAYH MN, 45 ERERXET AGx). xET 0
- 1.

EERAEMBENNEEMERTERSEERRT )R ILESEE Sc,
Ti, V, Cr, Fe, Co, Ni, Cu #l Zn), Cd,AlHIB. BHF MM N FH—E Zn & Al.
HESBREBTELTURAEME N, BHPHOEEETIRER M
A, fln, RESESEIRTETRESBIBREMERGRNERARLEY.
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4, FEESBRRIEBTERIEHASEUM L.

ERBEER, REANERARMEYRBEEBRRBEERTRLEY
(Bl y # z HAFR), EAXHAEYTAERTFHERE FETRTEERR
=, FHESTHEMEN. AN, EXEERT, TRAFENEBRAE
Li,CoO, S AZ# (] o -NaFeO, &% H)H) Li,Zn0, 3 Li,AlO,. {BRTHEXELL
HBX MW Li,Zn0, B Li,Al0, . Hilk, TLH&LEY LiZnCo,0, H
Li,Al,Co,0, , Ef1EAE LiCoO, ML, TiHA ML TRAXMEHEH
Li,ZnO, 8 Li,Al0, B Uk 4= BLRE.

EB—xflh, BRI LiAl0, BEEEERMERTE, ([HRTREXELR
1B A% o -NaFeO, &1 Li,Al0,, A KB FHISXEMR. BHTHEREGER
&Y Li,M,AL)0,, ENEEBHNEEEE, BhFRSRER, AL
RATEEFHRAGERBRBRANRESEH. R EBRT LiMAL)O, LEYH
W figE, M =Ti, V, Mn, FeflCo, y&TFT 113123, Mz%T
2/3F11/3. BEERF VASP 32 BEITEM. RI YW, HEAISHEERER
&, MRERT BEN 4 SRR .

*x 11
&R LiM;3A153)0, Li(M;/3A11/3)0;
Ti 4.06 3.13
Vv 3.58 2.97
Mn 4.02 3.67
Fe 4.35 3.88
Co 4.66 4.2

EETEZHATRF, TRAN—FEBRIETERFSERARMLETYR
MAER, DRSS & X e Y R B A/ A ], XS AT, v
Ko, FERESES IR _ELDHEEARXEA LiMO,.

E— ST, AEERRTUTER: EENEMADFUHIFTK
mA Al , AEIBELESY. BIRAFLUASENENELYBHRENL
oty KRB REASY LIMO, F, E—EBE MU AIRAM, KfMEX
HBEFENEE. REHNX - THREREENMAEEANARKE, AFER
FRIMRTIBA Al ST NERARCEYHEE. ARANKEGYRIE
BT ARRMASEY, SRS REBREERE. HELESYHE R BT EREE

26
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THERBEARZBE, XEAREMEYFRITFTERHNES. BEEATER
XEBEEBRUESYHTE, —BREFBHIBEMES. EXRELEYFBA
Al, FERBATHFEABEEAELSYNBATE, B—1TBENEA ER4EHE5
THRATXENEYNEEEERE, REERBRRMANSERE. EXE, B
ARAX—-FHMLEYREEFEERS, MAREL ASMHER,. dTHEY
WA HWBEZE—TBENHRA. BIA—1HMEOESE Al HFEHERK.

ER—HZHF, FRARBRTLUTAR: MA Al EEBEARLED
LiALM,;.,0,, AIE{L-GYH) o -NaFeO, T2 €k, XML& P ELER LiMO, B
XTFRABESEEXMERN. XEM TJUEVERRET)Mn, Fe# Ti. Hln,
LiMnO, fE A 44L& Y), SEBIENEREA LiMnO, FAHBMAEREFREA
Li MABMMEITREE LioMnO, , ] 45 & BLIE 32 X F% 4 (T.Ohzuku, A.Ueda,
T.Hirai, Chemistry Express, Vol. 7, No.3, pp. 193-196, 1992), {HEZE4 Heki#E g
NaMnO, # Li*Xf Na"H & F32#(Z W A.R.Armstrong and P.G.Bruce, Nature, Vol.
381, p.499, 1996)M I i o -NaFeO, Z M (TEX4H M R A LRI R, =5 (65
C2/m). WLHEH 6 Fin, AIERBRENEEADIIRELCESESEP M, m
2 5 W B E R Li(AL Mn)O, 45 &4 LR H o -NaFeO, £ Y B 5 R 1k,

R —HXHEARBETUTRH: FHM o -NaFeO, EMHHMARILEY
LiAlLM,,O0,, B ALZE/IHF, EREAF M FIERABENKRARALEY, Xk
EYEEEREFEMRBMEINERE. 52, IMBARALEHHENTEE
FRR) IR ESTERE 4V M3V H PR ETFHBEMEFEERE, X5 Li-Mn-0
RBAHELY, BEEBAFASBUENREATHEREISE. XFEEEXFIH
EREHRTERMA BEEIFEEEERS.

FFHEBEAAR-BASHPEILAMFYPNA Al SBUERI, BH
AlFE3d£)E, HUaMBREEN. EEAWRGEH, BESRESH AP, Hit
EHBEEBEARAARESTH Al RXERGENERNSME, BRI
REGEB R M+ sMI RN, BE, FEHAMRBEERERNLSY T
REAZEEY, AREEREEMNLE N RSN

&% LiIALM,,0, 8F&4& Ti, V, Mn, Fe, Co, Ni, Cr, Co®
Mn, BFHEFF M = Co. EXBERTP, BEFR 0<y<0.75 , ZFR 0.15<y<0.5 .
ZALBYEE o -NaFeO, &1, HBRBALEM.

—BRAYETZREEMERNELXHFTEHF ZERARXLEY. AL,
E#H & LiCoO,, B Li,CO;E LiOH fE8 Li IR, M A CoO B Co(NO;), {EH Co

27
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B, ATHRBAFBEERKN LiCoO,, —MBNFRXEK KMIBESYTE 800 C
DEMRERSE. AFEETHXSNERERERE, MEFANBAAEERFH
FriE “&EMHT)” LiCoO, K EIALFHEBMTHIE “KREBOLT)” LiCoO,, W
R.J.Gummow % A\, Mat. Res. Bull. Vol. 28, pp.1177-1184(1983)F1 Garcia % A,
J.Electrochem. Soc. Vol. 144, pp 1179-1184(1997). B 4R7 % B BAR R 4 Bt BT 1A
AxsEnktls, BHTRZEGSHNHIE, EXHEAHES, LML
RERV AN AT RE R EESEEL. B0, Ohzuku ZFEIIK T LiAl4Ciu0,, XHEE%
LiNO;, NiCO; fl AI(OH); IB&E—#8, FEESAF 750 C T H4s 20 /N ad w445
B, 85 LiCoO, ik, BEFTHM. Hit, iINELE5xkHER. B
Ab—BIF, Nazri #iIKT LiAlLCop 0, 1 LiALNi,0,, XEHKHER LIOH
CoO, Co0304, EXNiO HW¥RIES, 7E 750 CT BILBE 45 PTSIBHN, &
FAX T LiCoO M LiNiO,, HEHREFEH M. 1Nt fMELHHER.

HREALZH, fI&EBEHSYNBRGHFERNMALEYFEMESBHEEL
Y. SABERHEENYERZBERBRHEREAR, HATERTAENEL
¥, HRESEH B ERBRESGRESFHESREERBNEBEEN R, £=,
FEFEKEREANTBTZY, MARFHEFENSBENSK. FTEEY
LiCoO, #1 LiNiO,, B, & &7 Co 5% Ni K [E % {&, {# Fi Co(OH),. CoOOH. Ni(OH),
= NiOOH $ 5484 YiHilAH., XLIEMYELEHW LERSHFE o -NaFeO,
ZEVIAERAE. Co(OH), fl Ni(OH), 747 f# B} & 7E Bl CoOOH #1 NiOOH , Fr
X 4k S %M 5 LiCoO, M LiNiO, JLFHFE, FEXHRAFLIAMH "
HEEMAHERA., A, LiH HEXBEHPHEEENT BESRK, BEEMN
AAGMBEZE. Hit, FRHAEAYIER TELRERS ST EEEEHE
ZRERIIXBAEEYNARF «HT” 414.

ER—MRINENSHFES, TRHINEARHTREIEEIAERENYS
E. BEFLEMANNEEAYHEEXLE BRI EHEIA/KERANER
HEKBRFRETIR R, XTLLELHHE MM N WEE4DERFRNAR
BB — N ERE pH BETMEH. REREEAYTBEGEEMDEENAE
FRUTEHRMBERS BRI ASREE O ), FRENSSERERIEk
Wik, AT AMNABHNRAEERRE TN, MULIAESZS5M, NSEL
MIEFTE. ATEIABEEHTINLI, M, NHESY, BRENSELYEER
AEENYABESBKEEELA LIODKKERT. ASKSEBRRPHE
SEEYBRERR TR UBLEESBEN. BFNTERIFBERERETE, B
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BERZBRFLIHEZRAT, RAEHAENBRERGHTR UEBAEEHRET
EHSHMLIOHE MM NMEELTHMES. B TERENSELYRSYESS
&S H 200 - 800 CTRim#k, KIBIIRAEEALD.

HRALZR, EHRARMEVHERBRFED N 3eV, EFELDLNH 4eV,
BIFEAN 45eV(idE R L EATRMEMBENE). ZEANERAR
LEYEEERE, BRGEPH 100W-hr/kg, FIFEADN 150Whrkg, BFE
4 180W-hr/kg .

AEHANEBEBARLAYN LYREFHE. XEN “FHE BRERSXED
H1ox 10° BITF/ERNAEESOESREANS DC EEA AC Eitigx
(impedance spectroscopy)ili i8). {HEIEA HEZE FATENNERARLEY
BGHE, XBEH €A BRERFIEMET 1 < 10° B IT/EXMNELEY
FERZMAMS DC B A AC It ENE). Flin, LiAIO, MAERERT SeV,
{EXF LAY R B,

HRALZR, SREELRBTEANBEZHNERARLEY. THET#
T84 DEHRBHERARLESORREY, MELREFEGERLHTARNTE
H. ERTAZAMNBEAGEWERRET)TI. Mn. FeflCr. Xx&iE4&E
HRERTE_EMAYHBRARLEYRTBRNFTE, FAUEHEEEYMBEM
ELZET, BEADBREYSBRANEMYMELERTEIERERE.

FEANBEBRARNLESYTTRAET REEMERFTHERARLESY 24,
ME 1 M 10 WIER 12, ZERTEFEFEERN 28BN RBZ LY R
)M B FHESEMN 26BN RAEA LK) 2 EANETHEEHR O
DATE3IM4RNARABRET. £8 4 HEHS, ER 492 FAHRS2 HE
HEMERFNRAYHMEHRHWNR, RRFEFEEFRNE REN KT ERF
R CEXEN Y

AT 10 FHH TR, EEHR AR SYWER 24 51E4 12 5 H3% 13
ZE DAL FER MEEKARALSYIN 24 5RESYHEBR 16 ZHES
METETFEE. XBRAT 24 . 26 M 28 2 HEHFRFHSEM BE, HT
HEFHE—ERARLEYER 24 WHSIHH 13, EE—EBRARMEYE
HE5| B 13 ZEMNFEEERFRNEFHESEFR 28U KB FHESHENE
BMARL G TN, MAERRARILEYBER 24 EREYHEMERE 16 ZH
DA EEERIFHNEFEIHEME 26 IR YEEEFHESHENHERARL
EYPRHMEE. AEEREHMH—-ITERNER, TH/BMEEEFF—KS
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FHIER ERBREER. —BRAANXIERRBETRAXBNREAATIEY.
XS ERER T, BN I8 B T R
B 1 REMRA—RER, BMERMESHATZ EEE RFA RS
TiEZM, ER 12 WERFARRES —BRARXALITYBR 24 SHMFER 16
ZREEEFEE, H55 0% 13 RERTERE. BNER 2HEHRRE=H
FRASHEENREY, —TEBRANBE 24 TEENESTFIEREST S
mEEA, IREBTITHRSHEME 16 MEH, RERNKEIFHAHIFR.
g, BRI ARXER 25, BELESEN 25 XN 5HME 16 HiH
EFEREME 26 SREYHEMER 16 REFTEE, BS54 13 REESR
TERE BAEASEMESIHE 13 FREETEENSE TEIEMEEMS, ®
AEEESII HRFERSTEEMNERA TR EM. B, BAa 25 XHRER
PRER, EHEMBIOMTRMBEETFAEZEEN. XRETHBMEENHR.
WRE 4 IR A R ARELES, ER2OBTEREREY 34 56K
REYHRMR 44 TaMRNOSERER, 0ERR, TR REREMES
). APTER, ERBRRSYRMER, AN TRIERRR BFFSHRA.
FIRRERIR R RS FrES B AR 34 MBI AR SYHEMER 44, IESETFEE
o FE AR/ AR I A R A R ER B RE 2 R E |\ /DN
LHEFRHNRESATERGREGYEBRBMAMIER. BB, FRURL
THEEFENEFEEMAERK AR HFAREEENERMARMEH. F,
BEEE 4 fiaERE R, TEARAEUNHETHESEREYESETHESE
REeVHRHHERTHNICELRSYHEN, BEE B AR A%,
AWK XEMEELET AR S, BFATAUTEEAFELS T
&, DTHXHEARATRAELRZHR, BEHFRORELZVMNL2IIEHE.

S 1: HIBSEENYE L LiCoO,

H4& T 2R B o -NaFeO, Z5##) LiCo0,. ¥ 23.70 7 Co(OH), iR (bR &
92.95, M B Aldrich Chemical Company, Milwaukee, WI)5 11.23 ¥ LiOH-H,0 #;
KRB 41.96, W B Aldrich Chemical Company) FISREENLIE S 18 /Y, FREEH
ERAEN, BREEMLEN, REINMHEEN 120pm . BEIJREHIEL
YIREEEHIBAESKFMRE 600 T, #FF 8 /IH, RELH. B 5 iR
BIRE X SRS E, ERREGHHRERARTERFH o -NaFeO, &M, X E
FE—RFRIRH(006)/(012)F(108)/(110)BITT 58 52 4= 1 1 Mt 49 43 B B i 9.
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Ll 2. BHIBAEEMMYE M LiAl 25C00.750;

Bl & T 4 & o -NaFeO, M L &4 LiAly25Coo750, . # 10.49 T
LiOH-H,0({t % & 41.96, W H Aldrich Chemical Company). 17.43 52 Co(OH),
MARALZERE 92.95, B Aldrich Chemical Company, Milwaukee, WI)5 4.88 73
Al(OH);(fk2 & 78.00, M H Aldrich Chemical Company Milwaukee, WI) Bk B
PURE 18 /bBf, REREREWNHY, BREEMBEN, HHEF 120pm. KET
BENSEAYMRBEEBEHIRS, EESKPMHZE 850 C, 7% 3.5 /i,
RERH. R XHETHRAFBHIBERKEETESRRFH o -NaFeO, £ 1.

SR 3 B FEAYTTEME T B A B LiCoO,

H&TEAE “HT %M (BN o -NaFeO, 25 )i LiCoO,. ¥ Co(NO;), (Alfa Aesar,
Ward Hill, MA)TEE B F/KFH 0.IM B, MAZRFE pH=11(31ETF Co(OH),
K B/NEREE pH)RMAWTHERE T 8 LIOH-H,0 M EB F/KEHE S, £ Co(OH), L
. LTIEYHEL 12 A, REELURE. BEdPRIBEREREETF, &
MEFHRNECSEFEREBSAOHERELEY, HFERMEHRESGHSIEALS
M. R UL FTS8) L6 W, T #F Co(OH), FI#EF J5 B4 BU7E pH=11 #J LiOH-H,0
MEBTFKOZWERT. BUEEOURE, FRELERES SHIBESY
BERF. BOUTEMERNERALHT S K. 2FGATEYERSE —KRSBE
KB, KEBRPEERBYHLONLH0, EERFBIMEATLIE Cox
EIERIET 1 CHZBRFREAEWEA P, B HRLE KBRS % T (Consol 12LL,
the Virtis Company, Gardiner, NY), 82|45 d Co(OH), I L& S E BG4 7K
BHDE B S AN EUE. REBAHTRARTERRES S+ 100 - 850 Chndh
2 /0, B 6 ERMAEERERGFTIRG, PIKTE 100 - 600 C TFTHESKFHELE 2
WS B X SHRAT ST (XRD)I#E. BiEEH Co(ONL fEAXEL &M, SEMk
B3t X FHERTEF M. 7 100 C R4t 2 /MTJE, Co(OH), K B IRLK((100), (101)
FMA2NERAWES, T LiCoO, HIIERE LM, MERGREEMNES, 5Tk
TEERYE, RAFYRERBEN, HPhSENiE RN EE, UHH
YRR A o -NaFeO, £ MK “ HT” LiCoO,.

LHEpl 4 EEEEAYIIENR HT RS B LiAlCoy,0,
fl#& T y=0.25, 0.50 1 0.75 K =% 4 H# LiAl,Co.,0,. y=0.25 F1 0.50 Kj
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20 RS fl B o -NaFeO, 454, T y=0.75 B BKFR445 8 B o -NaFeO, 44, /)
o LIAIO, MIE T R ZBEY. HHH Al/Co BRI Co(NOs),
AI(NO3), (Alfa Aesar, Ward Hill, MAFEEEE F/KP, EROMHER H
DIMEH AN SR RTUE. HHBBRMNAZ pH=10.5 BIRKBHET K
LiOH-H,0 ¥EBFKEBRT, FRENVEEMYUIE. iLURYHEL 12 /pE,
RIEB LUK, FRASHES 3 IRNER. NREBFUERRENMREST.
SERNTEY RS —RABEKEBR T, ZKBEBRSHEEHELN LIOHH,0, &
WERFEBEASF LS5 CotAl WERIERN 1. BREEZFBELERE
, FRENRERGHTR REESSKHP 400 - 850 C Tk 2 /hit. B7E
TRFE 400 — 700 CHEL G LiAly25Co0.750, ¥R B X SR T 5TE. BEEEEEH,

X FERMTHIEERENRE, RUNEKRER RFM o -NaFeO, &#, Miks
¥ LiAlg 75C00250, FEZ S, ¥ 200 - 700 C T H&EE 2 /Nt 5 B 7R /0 & LiAlO, (1
ERZEEY.

EHEH] 5 B AL

EHEH 1 - 4 LEDRERENEMEE PR, ZEBNEENEE
/7£(50 % EC + 50 % DEC)E Y+ ) 1.OMLiPFs+5% + PVDF . S M {E
2] 30mg EAYHR. BMEEEENBHRTETABNKA, EREENET
7 EKEAREH 0.05-0.4 ZE,

B 8 B/n TEMA 3 M 4 H &ML EY LiCoO, .  Li(Al14Co34)0,
Li(Al;C012)0, MFEHREL. REBRAGFHFEXRERAR 02 2%, S#4d
B TR BIARIRE IR BN Lip¢ALCo,0, . HERE Al IEMA MM KA, £H
BRIMATT=AT BN A B XHORR. B XRAHENER SEZIRRA
BLR LigsAlyCo,0, JEH 0.2mA/cm? e HI£R. BERH & Al 40 B A9 40 54 78 o, B, FE AP
BT LiCoO,. Li(Alys Cosys)O, B B EEE Z A G Li K E A Lig 3A1,Co,0, #F
BE.

A 10 B 7l & B REBH 3 F 4§ &4 LiCoO, 1 Li(Alyy Coss)0, BB
HWMTHREESHRAMNER, BHBE 02mA/m> HEREETFTAEE
Lig¢AlyCo,0, IR E. REHHEM S TR BRI, FHWEFHEESH
BHXR, & AUEYNEEEBMIESEPEZ 24 /MHREFER. #—
BRI XEAXBRERERBIERZA. SR XHHENEARETH TGS
E.
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& 11 BRI 2 45 Li(Alys Coss)O, BTG M) Fo i - HE B 4%,
TR EREERN 0.4mA/cm’. XEE5R 8 - 10, THBEHEERTFHE
F LiCoO, .

LB 6 BIEREAVTEMRAETR. EEEREKRPRERES R
LiAlg2sMng 7504, A KR Ef 47 e fb = ik

mELHE 4 MBI ESE LiAlg2sMny 750, . K AI(NO;); 1 Mn(NOs),
(Alfa Aesar, Ward Hill, MA)RJEE/REE A 1 ¢ 3 B9 0.2M B FKER, MAZE pH
(RRTE 10.5 B RETHERER) LIOH-H,0 2B F/KER Y, HEMEN ALY R
HPITE. LR WAL 12 e, BOURE, FERZES 3 R EER TR
2, UMERBRBHOEREET. 2BFRNIEYRE —KIOBEKBERS, %K
BREEBFERY LIOLH,0, HRERFSEHAMT Li 5 Al+Mn BB /R L
ST 1, RIEHIES 4 IR T ER G TR, BERERTROTIEES ST
TEES. 1 400 - 900 C Tk 2 /MEf. HETEREE KT REN, XHLMTHRA
B E LiMn,O, R & A A Li;MnO;. (HE, HETARERSPRESN, XHEK
5 (E 12)FH B R BHEE o -NaFeO, H B, 5l NaMnO, HEEF
ZHTE X ZH 8 48 LiMnO, [7 & (A .R.Armstrong and P.G.Bruce, Nature, Vol.
381, p.499, 1996). BAELMTF th H LT 2q T 64 - 68°HYPIIE 5 U T HY $EAL K
g2 H A/ A Li,Mn,0, X 4> FF 3K (F. Capitaine, P.Gravereau, C.Delmas, Solid State
Ionics, Vol. 89, pp. 197-202, 1996). E X4 RFEHE LiMnO, F A Al fF o -
NaFeO, Z5 8 E L.

E 13 B HER 5 #1458, BLEFR LiAlyosMng 750, YE N EEAR B LAY 55—
AFEBEBEER. TEMLERT AT 4V EE, ZBEEET Armstrong
Bruce(Nature, Vol. 381, p. 499, 1996)if if B F 3T # 15 ) X Fp 5 #Y LiMnO,
WEE. E—RHBHKXEAFRTBET, SFIMLTYH 4V M3V . EREA
LiMn,O, P HIMEZR XYM B ET, BEMBEEFRS LiMn0, # Li Mk AR
B R 0<x<1 A5, MBKAMBREFRS LiMn,0, F Li Bk ARER 1<x<2
FAXE, BENLIRE—-BREAEBEARED. BB EANITEEFEE
X Z i LiMnO; (R.J.Gummow, D.C.Liles, and M.M.Thackeray, Mat. Res. Bull. Vol.
28, pp.1249-1256, 1993) A X i B F 38 #: 1 # & #9 B & LiMnO, (G.Vitins and
K.West, J Electrochem. Soc. Vol. 144, No. 8, pp. 2587-2597, 199N thEH W T, HH
FHEFHE BMERETRREA LiMn,0, MEIMREA LizMn,0, B FHEF
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R,

Bl 14 B8 TIREHS S #HlFHBEMHBEAERSBAREA XA, Al
PR LE ) o ] 2 B9 LiAlo2sMno 750, fE M IEMR. HMETE 2.0V £ 4.4V B EEEA
73, R WIT B ERREFEEN, NEFTER, BRFEETSH S 1THEHS
REZHB/NE, REEFHM, FHAEH 150 AHAFEE. X—FBREEE 40
BB, XM R RERE ENAETLIER R 290 B /AT,

XM AR EYHRAREEMLTHE Li-Mn-0 E2HXLEY. RERAA
R, 3 LiMnmO, REARAER T WA BERE, HAEBRRER. XA
MERBAARFELEHN Mo BFMAAEMNES Jahn-Teller B2, M5, B
ZIEAIEXRFMEBAA LiMnO, HEFREZWIBEEIFN, HABRAEREE
(I.Koetschau, M.N.Richard, J.R.Dahn, J.B.Soupart, 1 J.C.Rousche, J.Electrochem,
Soc., Vol. 142. No. 9, pp.2906-2910, 1995, F1 G.Vitins and K.West, J. Electrochem.
Soc., Vol. 144, No. 8, pp. 2587-2592, 1997). & &XHAMm AR EYEB/AEZH A
MEFR MR EYE EHIAREMRERTZEMEXTHE Li-Mn-0 L&YH Frig
m, HEXEAGYREEERAERE —TBEEFTMATIERENETERXK.

EEREMAYTIA Al 2FEXEYGE, REFEAOREAARHERH,
B |, F.LeCras % AR F(Solid State Ionics, Vol. 89, pp. 203-213, 1996), #H i
7 LIAIMnO, MR & A, HJEMUKSE ERERENN, HABREEE, FRHE
ZwS5Ea kMR, BE, ARUANEREL, HBN LiALMn,.,0, AR
&Y, M5 IER LiMnO, B LipMn, 0, R s A RS MR, HHEFEER
NEETHEABRFHERE MEEAEHEBEERE.

XEERERY, REEH 2 AEERREGEEMALY, HEZLKEH 4 7 6 B
R R UIIE MR R T HRBR, BT XM A KA BTSSR,

LR 7 HEBHELIBEN. TEEN. FRBSEMEHHREILRY S
Bk R

ARBEFERER DEAEREEPREMAANSI ZM. L THF HEH, #E&
WS B, TERH. EEBSHENSGHRELRYERER, FHEFER
RRT _xERSFEAERTENKFR I _FHELMA-b-PMuGK L RY). Bk
{HZE THF F 53 BRNERARLN, EREN, REEZE TWALEITEE
MEMZHEERLR, HBFEERER. EXRGIED, EEESKATHEH
B THF FHSIANBR, BRBBRGHE-40C, REHERENEEAEE
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BA. BEAEARERBR T HER, 30 08 EHFEASEN MG KHEKE,
1 MnG KEEEEH I M HE LS, RTESIERRE. ARSHPES
LR A, BHRYBBRERERRSTZFRE, £ 10:1(vv)R D% THF FUE,
BEBLBETEHNREY. AA/DHE G EESLH ENGIR B R
YIRS FEYH 170,000 E/RIR. AT #HTHE, WAMEMFEEIHEFERK
BET PMnG W RY. EREYH T FEMARSEN TR . XRS5
A, BAFMEEAZRTHARIRE. MHNSEHSEH FTIR, NMR,
1 GPC HaE. M4, #FE T(PLMA-b-PMnG) R K HEEMAEST 2. & A H
REBHERMRE 200 CUL L, HARAEREMRASIERS). BEIMIERATHEE
HEEET.

% 111
48 F(PLMA :PMnG,v:v) |4F B (G2/BE4R) |8 F 5 1 % (10°°S/cm)25 T
PLMA-b-PMnG 47:53 64,700 2.54
PLMA-b-PMnG 32:68 717,800 4.44
PLMA-b-PMnG 23:77 62,900 6.13
PMnG 0:100 100,000 9.57

F# 7 474 92 B #9 Rheometrics ARES JRAS SR 5 53X 2 45 1 FRAS 2 4 1F
KBREYEZEBEEE lmm UTLUKEREERESIAN 1000g . RIFE 25-90
CHBET, FEHEN 0.1-250rad s’ WTEEKN, UEEBRAE(.5 % )ZhS BT
ZEEY, WEEBRYIEE(G=G+HG")S5MENXR. KETHHLTERR
XTFERE, BBEEARYEEMREERZHER. B 15 /R T PLMA-b-PMnG
HBEXRYNEEESG)HRAEEEGWARBER, MM, UREEESR
I —REXE, MAEEEBET G~ o™ WESHE. XHEAMHLFAIXERMK
S ERGRFE, FUESL T HAUE {4k A9 ¥ (Karis, Russell % A, Macromolecules,
1995, 28, 1129). BIEMATHYEZHER »EE)WEZ B _F B,
PEGDME(Polysciences, M=430 gmol™), AR 4RRT & 15 = Frl 23 AR 57 b 5l
X%, RHXLEE PEO #RIFRHELRYIELSSTH PMG KA. ZEHMARE
REMNERAH#—SBIBHEFERRERBBIEL(E 20). SHHER,
PMnG U EYBRTRMLFIER G'~0, EHRLTHERREHEREY.

FrRR AR AEELR(EMFZSEEEAN). WER EOLLi" = 20:1. —
it B SR YIA LiCFS05 B EO:Li"H A 4:1 % 87:1 Z A, M DSC MEAT{E

35



200510071285. 9 oM P E31/33m

10

15

20

25

30

A& REYWRREREN 110 C ol mE 574 G sh.

W E T & M ¥ K E & 7 [EOILi'=20:1 #) PEO(Polymer Laboratories,
M=448,000 gmol™'). PMnG ¥ PLMA-b-PMnG # BRI BY b SR, 31T
HERNENEREAEESHAEN 70 CT T 24 /M. LiCF3S0; (lithium
triflate) R EEEZS F 130 CIERE T T4 24 /M. REBESMMEEBIAEBHSS
T, BEHRETH THF KZET, BRBEREFEREEERN. RAEERSY/E
EEHREREEHR 10 CRETRBA 48 /M. AEKT, BREAVEBRELHR
FE¥ T 316 SAFHNBERZE, EEREELN 250um, 7 70 CHEET Hi7:8 k
24 /pEE. FE 20 - 90 T BYIR B X 18] 8 A Solartron 1260 % FH $i 3% 25 /48 16 40 #7 58
18 of PR BT T 2 e 2 3R

B 16 RHEZR T BFH) 47:53 PLMA-b-PMnG #x R BY MW E FR IR
B8 PEO BAP MBS, 541 PMnG 45, T LS, ¥ miL B Y+F PMaG
HEBEAHERKEIENERG ). HiHrBEILEEY S PEGDME BiR, @53
EERLZHNBEEE, TR THcETAY 10*Sem™.

Xk R IE R V) B R R (BCE) 4T TR i R A S R e fb 2B E A,
TSR EERAE 87 % EERM 47:53 PLMA-b-PMnG H1 23 % & & PEGDME,
WBEM[EOLLi" = 20:1. BCE HikASRBREELIERRZE, EEEEAY
150pm . @SB MERESEBRFA SR, BETRET/ERFL. B Smvs!
FEA#EEN-0.3 Z+6.0V MHX T LVLIF#E . 7F 2.0-5.3V 2[5 175 i 81 3 K
FRAKT 10pAcem?, RHZMBEXRERERBEREN, MxXHEEHE
BETHEEE FHEBT AN S EEEE 2.5-4.2V),

¥ BCE BMIEH RN FHT /AR, AEMEREBRRMESER,
EREE LiCoO, ST%ER). KRBT »EE), ARGUEER)NERNRBOXER)
FHTHEMBIE LICIO,MBRREZEEQR]L % E8)NE. ETRENKBEN
HBEERYNEET THF #1015 » EBBRRERNGEER LA S amRE
B, BN ERYEREEEPERTIRUERARMER, BEEZEE
2% 150um . FEHP R FH MACCOR 4000 &% B 3hilliX & S 7E+20 £-20 T #Y
BEFEE, 7 2.0-44V ZEH#FT. WE 17@)F~, EZERTHEBERRIFHT
HE, ATEARLN 100mAh/g. FE-20 C, HMMARFELETIEE, BIEHS
M7, BEREELZRTREMME WHE 1700)F7R.

REEERBEART-20 COWBHIE EBERAERY, THEEERNERER.
AT i#E—#1Ffh BCE W EMRE, TETHE MUK EM, KPR aRkyhgeE
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. % LUBCE/Li BMTESMIN 50mV BB #H T #4714k, MEHXBRMEM. M+20
CZE-50 CERE 10°# 75 RAY. RABCERSRBEREM TR, EHHES
-40 CHREREBELHFRBEESN, £-40 CE46 CZHEMNEBET, RELXEYHN
PLMA #BEHFBILER, FREBTIBREBI TR, XNMLRWHERATT
MBRSHEBRSRBERZENE LR K. EFTRT, tu.~05.

Zifl 8: HERFHIERAYESEFHESHREYNHEERTHIES

BRTRIZBZRPLBun% A, J Chem. Soc. Perkin. Trans., 1, 1992, 3225)%| & &
THRERSGYRGT - EEELH)PPV). PEEELXERSYWER R TFREYE
Fim THERE, 378 A R A LA 5 i A5 A LB R PPV . MRS YRS
Iiaf 7T B FHESBE —nBEARYIRES, BXBREYVESENREREE LA
BEEFEAE, HEEZH 210 CRET I, HEETHESEREVEEFHS
BREGYHWHERFIHELZHMEN. tE¥EHMENE, ZUANESYHESE
R ERFHODAESEMEN. B 18 B/R THK 640 EHHES B EMEE2E
wE A

XHEG 9 HERTFHSEREGYEETHSERAYNHEERTHIES
pE

BER—-MRIFOFTEJ. Yue, £ A, J Am. Chem. Soc., 112. 2800 (1990))4 i,
B RER. H5%H6 7 HUN T EAEFERFERBERTPEMMA)S
MnG KTHERY., &BEHRRERIMAXFEHBEUERITHILBYES. &
SPAn 5 P(MMA-r-MnG)HE YN EHEE RS B BB RESE. Ft¥E
WMAMZES BT BEAME T BANELRFNRSEHNEWIFE. MBS
AEK R AZE 0.01-10 BOKZ B8 S, B FINT&GEMFRERANER. E5R
TR ES).

SEHEf 10: FHEHFEMTHALSFEHBREY, B FESERAYEETH
FERGYNHERFHNELHSEH

KRR REE(SPAn; —FREFHIEREY). P(MMA-r-MnG) (BHlt
RYBER). Uk ALO; @B B (EE~5um) \H P B 8 F B linss. & 19
REFHENHEERFHMENNAFZFEMR . ALOHER NRATR, &
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MHEESREYHEMARARBEREM)SE S SPAn REBFEEM)Z B/ FHE.

% SPAn 1l P(IMMA-r-MnG)L R EZELAN 0.1 KA TiO, Tkl AR L 5 |
h . BREYERETHSE, FH TEMMEZS Tio, BN EME SR E L.

EFBHERARSHER, XBEFIINTESERMRARTEERN, ZhSH
BRETARAN T EMEENEERR. FHit, U EMEHE R BERGF.

AR KRR - ETRAME, &M AMBUEX T ARIHEAN
AREME ALK, XETAMIGERANEBEESKAWTEERN. B, DEK
BB R RIERBIFIARIT AR ZAMRE. FEKANTEER HEMRRRIER R
HENMHNERE.
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