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R HE a-Fe.0:: LM (EB): KB/ (PTFE) = 6 ~8:1: 0. 8 IR G, IR G WI7E 20 MPa R/
TE 3 ~4 em?® FERM I SZE0 i th 2 K : o-Fe. 05/ LiOH Hl ZnO 1R FA W / Zine Foil (UNASFY
TR I FL R M4 LiOH A1 ZnO BTN IR ) . AL LRI B 3.5 mA - om =2, JECFRLIN ]
FAE 0.1 g TEPEDFRRES L 2.5 h; FRHEEHA 3 mAem 2, FTHEEIEHEE 0.7 V.

MR X AT IR Rigaku-Dmax 2400 ( H A< il i& ) 1 Cu K. H126, 6075 a-Fe.0; A 78
JICHL B B ) FRRRE it B 2 T 2 B K e i vk, SRS A AR BT Sy R AR i B XRD, X T
SCEUESE EB AT PTFE X XRD 45 S 52 Ml /N ] LLZg

ICP 73 M1 K H 25 [El LEEMAN LABS 7~ A il i85 ) PLASMA-SPEC. 5 FLAR KR i 56 784 vk
SR TE R UG IR K I KPR PR 2 . FHER RV i 138 246 B AE N 1CP IUURE &

ZI5M3HF (IR) K PERKIN-ELMER 783 ZLAMGIEAY, EL3E TR PRt T A8 - tR e AR b BURE
5 KBrikH A .

PEIR LMK FE R a-Fe.05: WLk # = 10: 1 (B b ), MOSM A iAE  TAE
10 L Hg/HgO, OH A S tL il , 41 H WXt sl . R ZB-3 fH LAY, ZF-4 LA E 5
KA YEW 3086 X-Y 100 . HAHEE - 1300 mV ~700 mV, $HF#HEE 20 mV - min';
a-Fe.0; 7 LiOH ¥ P #I IR HL RN 196 mV, 7E KOH %W 0146 H Rk 205 mV (3% He /
HgO, OH HLtk%).

x£1 ICP #inHE
Table 1 Data of ICP analysis

Charge state A B C D E F G H I J K
Li*(n g/g a-Fe,:0;)  23.3 197.4 237.8 335.8 842.0 1511.9 729.9 437.6 3888.9 3054.0 1857.7

2 ZR5ite
2.1 XRD.ICP MiXER Ko

K1 SR A Ll B S FLE 2R, A—T1 N a-Fe,0s 7E LiOH ¥ 48 — AR A 1R ER 1Y)
ANIF B HIRES . (PR L SCRY TS L 2R 40 BB 2 LR 2).

M 2 19 XRD BREZAIHTIRATAT LB R, a-Fe.O, 1855 — UK AV L B A 78 L AG 3R 5 AR |58
B Fe;O M54 (B K 2 1 ERA, "+ "R Fes00) , FEFLIG Y RN, —&B 43 rh [l =40 Je
AR AT A Ni-Fe Lt 2k B AR S 7 ML 12 )

FeO * OH(Fe;0:) + H:O + e~ =Fe(OH), + OH" E" =-0.560 V
Fe(OH), +2¢e~ = Fe +20H" E'=-0.877V

PRR X — S I BR# , ANREFE 2 LiFe.0s B0 LiFes0:(x > 0.6) XRD W HIIL, 0]
Li* i At AR L ande B i FARZSS , Al 2055 B Lio. s Fe20s Fl Lio. 2sFe; 04 3K 1 FIE] 2E i
N, R a-Fe,0s TER— UL A /D iy LitiiA , (HE I A RAF A — RIGIME KR 5 I
NiAE Y FesO. FRATHIE, a-Fe.Os M FMRGE IR O - /S B HERR, Fe?+ i 8 Firfy /N IR ZS 7Y
2/3, EMMmIESE a =5.423 A. 1i Fe,;O, N MA LN, 02 o Jr %R, —2F Fe? + 5 48
PUTE A2 7C, 75— Fe** MUTA Fe?* 4l /\HAZS /0, BN SE 0, =8.397 A, LK LM
Fe;O, A A A 25 HE a-Fe.Os /S T B HERZE M B8 A L ISR AR | HRAER
TUIEARY S Lita, F LB R ZE, BEHITESE ST Fe, O B SE N 1Y — 4k 38 1 A
FITF LitdfA . AR, 76 GRS A Li 5 SO Bk, 7T LA A 75— & Bt
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HL A —35 4 Li 3l A TG 461 Fe,0, FIZAE Y Fe(OH) ,» fhA&, X —H e SRR,
SN A B Fe (OH) » Fl Fe, Li* BRI R | 7E58 = RGP A ch i 2 o (it 2 3 a50AH Y
FEB &b), KM SA S FE 1C 4b) SR T X — % . WK G M H 7 H IR
A Litmikd, BOIZERE TR —F G RN Lit B Y . AE—PR0E Lic iR, 3%
ITK GRS T A s K 58 0838 J5 3 3 mol - L-'"KOH % EYE, $AJ5 LA 3 mol-L-!
KOH W, Zn A AT R 2 1.5 Vv, ZJE B AE ICP 43 Hr & 3L T Al XL
Lit gl . i H 2 1R SR AL Li B RN A R — P %52
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Fig.2 XRD patterns of @-Fe;0; cathode
in charge states of B,C,D,E

1)+, #, $, +stand for a-Fe.O;, Fe(OH)s, Fe

and Fe;0, respectively; 2)Fe(OH): intends to be

Fig.1 Typical charge/discharge curves
of a-Fe;0; cathode”

(a) the first cycle; (b) the second cycle; (c)the

third cycle in 3 mol*L~' KOH solution. * Satu-

rated LiOH solution serves as electrolyte solution

of lab batterises unless an exception is specified;

Discharge process is always carried out first
oxided in air and XRD peaks observed in figures

belong to Fe (OH);

HAS ICP S5 H 1SS BT PG Lit BYE RS T BRI | % 3 oA K i
HH Fey O 25K, FRATIN A A BT FesO, FIURIAR /N HL R T REAR &5, FrLAXT Lit &4 T W FHEH] .
FEK VA TR0 FL AR ST 3 R, W B 1) 2 A 2 AR R T 1 . R RS a-Fe. 0, HLK
FE LiOH AR R iRt vf — BE i 0], SR 5 52 /i vk, 25 U ARGA SV TCP 40 #r , IRl AE R AT it
Li* W MHE i e (LR 1 A9 A F1). HEESE ATE, 1 FIT B9 ICP 508 , B Fe, O, X T S5 &
AR (L3 A BB, AR KR EER . %R EIFE M LiOH IR - 4 HIOAR 2 F R B 1 Y
DA IR A A P N 2R R T AR Y Fe,Ou WS FL T . PR Li 76 B AH FesO4 7
FI BOE RN [§HERE D <5.0%x107"m2+s~'] 7, KRAYEUE MR A R ESAF T F
Z Li* i A St .
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2.2 IR #1 XRD E&5

a-Fe,0; 7£ LiOH 7K il A it AR/, (HERBE &L | LI 4(a) FI (b)), a-Fe:0;
) XRD 38 JLFAAE, BEI/NE ) Li i AJF A IR a-Fe,0, fiA% . MIRHZE Li+ 8 23 AR
HLOE ARG, Li FRLR T B SE 03R a-Fe, O, 1 AR SR HEER BOAT Y, TN a-Fe. 0, 245 55 b
AL Fe,0.. K+ AR R KICHESG A, ICP 43 HTIESE a-Fe,0; HLLFE 3 mol - L~'KOH ¥k
H S UG R 5 76 BCHIRZS FALS A 0. 752 pg/ga-Fe,0s. EANAES: Li+AREE Up Bl il 24 555 % 34
a-Fe,0; M intE , THE HA /DS a-Fe.0, #4468 Fe,0, Z 5163, ¥4 a-Fe,0; HUIRTE 3 mol + L~
KOH & 5 AEH 5 1) XRD B3 [1#] 4(c) 15 2 Fes0, [Kl 4(e) ], 4 a-Fe,0s [l 4(a) 1Y
XRD VR LR, K BRI AT SR 1Y FesO4 AE7E, AT 4 K43 a-Fe0s.

] JiU J’HU Aot

(b)

(a) 590 4
M ol
(b et et s )L‘,A»‘Iw“u L .«‘\, ) LJ’A\, - !'. oo anhe
! .
M
570
(d
a 400

(@)

Absorbance

Il { |
¥ i ?-VJ?N‘-\*‘-‘H‘«.‘;,U'M\\} ,-:‘;/{Vﬂlh, 2y JJL.A- ”

(d)

700 600 500 400 300 200 ] (e)
o/cm-!
E3 IRiEE 7 } ,
i :
Fig.3 IR spectra Lot bl \\ e
20.0 40.0 60.0 80.0
(a)pure a-Fe,0s, (b) a-Fe:0; cathode af- 207 ()
ter the first discharge and charge process, B4 XRDiZE
(¢) a-Fe»0; cathode in discharge state after Fig.4 XRD patterns
10 cycles, (d)pure Fe;O, (a) pure a-Fe;0;, (b) a-Fe,O; cathode after 1 h dis-

charge [refer to A + in Fig. 1], (¢) a-Fe.0s cathode in
3 mol *L'KOH solution after 5 cycles, (d) «-Fe:0;
cathode in discharge state after 10 cycles, (e)pure Fe;0,

TE LIOH BB, a-Fe,0, it L Ab2% W A= i Fe,O, RERS— 5 T & A AL R, 55—
1A Fe Mt On . AN IR &I H AT LI 25— UG MR L Z 5 1 a-Fe.0, FLIR (RPIET 1E AR
) ELLAMRISIETE 500 1400 cm ' [UWLIE] 3(b) 1, BAEH AT FesOu 7E 570 1 400 cm ~'HYLLAL
Wi (LI 3(d) 1, TS a-Fe.0s RULLAMIIEBUAARTR] [ULIE 3(a)] . iXFE—2BUESE TR
XRD BREZSIMIZEE . 55— TS Z 5 1 a-Fe,Os K UM A B T FesOa. FAML IR
PEIR) IR 434 [LLELE] 3(c) F(d) 1 HT XRD 3B [LEEIET 4 (d) Fil (e) 1HIESE Fe,Ou (—0 53 ) FE45
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Pl T8 RUIRAS P PR B RS i LAIE LidfiA . BRI B, (AL IR AR, TP AR
Fe;0. [1EIE A A28 AE

520 2.3 ERRRREFEHEHESHT
261 N IR 2 K AR — R A ER A I8 S 5 2 S T 3R
< 000 ()30 SR AR, JEI S TE LiOH WAV W ik
< 26l JEAE SR BE 1 KOH #0 HHAT= nike , 3X — 225115k A
-522¢ a-Fe, 0 FERRPER 95— 2P SRR, HIX —HL
18 o2 R PEAILEE R TS 2E, AT A2 284 Fey O,
0.00 [A¥ 1) Fe (OH)» HIFEAL . HLELIAN 5 1 L1(0 mV) Al
61l K1(-100 mV), &A1& BAE LiOH %I ik g7
< 522 SOE R AL B, X — RS T S0 XRD S A
S W Li* % a-Fe.Os $675 0y FeiO, L FLAOGL 21,
044 o3 A B 7 B A B I A RO A/ L 2 IR Z
1305 Ja (AR — R A AE) AR SEA A
1566 L2, L3, L4, L5 735fC% Fe,0, #| Fe(OH) », Fe

-1300  -800 =300 200 700

£/ V(s HeOMe) (OH): | Fe,Fe % Fe(OH).,Fe(OH): %] Fe;0, %

Bs mmrmEE BT (PRI h L) i BT
Fig.5 Cyclic voltammograms of a-Fe.0: BRALI PR AR IS . RN, AR a-Fe,Os 7EM
(a) in saturated LiOH solution(b) in 3 mol*L "' A RS W P A A FRATT R BIAE LiOH A
KOH solution. * Solid line stands for the first M1 PHIAE (L4, L5)EEEIN 0. 23 V, M7 KOH % 1
cycle and dashed line the successive cycles. A (K2, K3) B R 0. 52 V. SEBRA A FEHL Hh 28
Scan rate: 20 mV*min~! SEIE AE R W] LiOH HL MO0 5 H, 5 i v B 1Y
FEARFERT . [Z% K 1(a) (b) (o) FIFE 2], a-Fe,Os HURAEM A LiOH ¥ H I 3 mol L-'KOH
VEHRTORCH 5 RS EE S 0,07 VRO 2 VL, SRR TR EE SRR 0..09 V, 0. 22 V(LIS
ZAMERR) , B LL Lit BVE AR EBI R . EREIR T ST A SRR SS o A H
WA Ni-Fe it b sORA TT R SE — 7 78 A (MM, 26 TIBTER A GEl A
280 mAh- g~ Zid7) . BXIZIE Li A PR A B A R R v B B A B AR A
AE AW Li B FHAK , T LiCoO, #5BC I BT 3R R4 19 FE O PR BE CFE 53 SCI ).

®2 aFe0: BRMFERHER
Table 2  Data of discharge/charge of a-Fe.Os cathode”

Saturated Saturated 3 mol * L"'"KOH

Charge state LiOH solution LiOH solution solution
(Cycle 1) (Cycle 2) (Cycle 2)

Charge plateau 1(V) 0. 550 0. 544 0.762
Charge plateau 2(V) 0. 662 0. 654 0.982
Charge step (V) 0.112 0. 090 0.220
Discharge plateau 1(V) 0.365 0.314 0.410
Discharge plateau 2(V) 0. 260 0.242 0.208
Discharge step(V) 0. 105 0.072 0.202

“Refer to Fig. 1
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1) a-Fe,O; #£ LiOH /KW b R & AR /DB AL , SR J5 ¢ Ni-Fe H i s W ML A2 % Fe,0. 5

2) Fe;O, TE LiOH HLA# I P — 534 Ni-Fe LR WAL, 55— 8643 & A= Li+ 1M B B A
YERT, IF H 38 Dh s p 25 R (il se r it 4R 109 65 85 FE A 7E. KOH. FLFR I T R R AIG, i a-Fe 0,
TS5 WAL 3] Fe,00, NI HE R T a-Fe.0; (Fe;O,) FEAR ) 78 FL 75 4

3) R FT L & e IR A, A B Fes O ARG Li+ 5 W 56k A0 W BRFAE D . T ol 2y B 268 1
Fe, 04 X 2 J5 5y _E AT A0 (Li 4 A ) S AT B R B P B &8, {88 2 1 Li* i A Fe,0,5( Fe
(OH) fh#% .
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Li Wu, Dahn J R, Wainwright D S. Science, 1994, 264: 1115

Pistoia G. J. Power Sources, 1983, 9: 307

Morzilli S, Scrosati B, Sgarlata F. Electrochim. Acta, 1985, 30: 1271

Abraham K M, Pasquariell, D M Willstaedt E B. J. Electrochem. Soc., 1990, 137 (No. 3): 743
Tabuchi Missuharu, Ado Kazuaki, Sakaebe Hikari, et al. Solid State Ionics, 1995, 79: 220
Thackeray M M, David W I F, Goodenough J B. J. Solid State Chemistry, 1998, 55: 280
Fontcuberta J, Rodriguez J, Rernet M, et al. J. Appl. Phys., 1986, 59(6): 1918

Pennet M, Strobel P, Bonnet B, Bordet P, Chabre Y. Solid State Ionics, 1993, 66: 259
Pernet M, Strobel P. Diffusion Defect Data ( Part A), 1995, 127-178: 73

Yang Hui, Yang Huaquan, Lu Yinlin, ef al. J. Power Sources, 1996, 62: 223
Chakkaravarthy C, Periasamy P, Jegannathan S, et al. J. Power Sources, 1991, 35: 21
Jayalakshmi M, Begum B N, Chidambaram V R, et al. J. Power Sources, 1992, 39: 113

O 0 1 O Ut oAs W N~

—_—
N o= O

Lithiation Behavior of a-Fe.Os in LiOH Electrolyte Solution*

Li Ming  Yang Huaquan
( Department of Chemistry, Peking University, Beijing — 100871)

Abstract The lithiation behavior of «-Fe,Os; is investigated at ambient-temperature in LiOH
solutions by methods of cyclic voltammetry, IR and tracking XRD and ICP analyses. The results
reveal that lithiation can take place to a small extent in a-Fe.O; and its electrochemically synthe-
sized product is FesO. but lithiation process is limited by the unavoidable extrusion of iron in al-
kaline solutions. It is suggested that Li* intercalation promotes iron’s extrusion from «-Fe,Os; and
Fe;0., and that a coordination effect occurs between lithiation and iron extrusion, which shortens
the steps of cyclic curves and improves the capacity significantly. These results are compared with
experiments, in which «-Fe,O; electrodes cycled in KOH solutions are tested by CV, XRD and
ICP.

Keywords:  «-Fe,Os, FesO., Aqueous secondary lithium batteries,  Ni-Fe batteries
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