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Abstract

The cathode material of bismuth for lithium ion battery with excellent performance was prepared
by a simple electroplating method. The material was activated by three-electrode system on the
electrochemical workstation, and the bismuth was deposited by using copper foil which is easy to
separate as the base. The bismuth powder was ground and coated. The charge discharge perfor-
mance and cycle life of elemental bismuth electrode material are improved. The structure and
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composition of the material were characterized by an emission field electron microscope and
X-ray diffractometer. The electrochemical properties of the materials were tested in the three-
electrode system by cyclic voltammetry and electrochemical impedance test on the electrochemi-
cal workstation. The constant current charge discharge test was carried out on the blue electric
test system. The results show that the specific capacity of the activated material is improved to a
certain extent. The specific capacity and cycle performance of bismuth have been greatly improved
by grinding and coating.
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B & A2 RH KPR RS, BE RSB WFNL THEALS HENS . A2 TR R34 g
MAL G REIR TG BRI A, AR B AR S8R T R . fEREAS v AR M 35 A 2 i T, A
FURFF A S BRGSO RE IR R O T R i B ) 0GB — 3R (1], 23] T ARZEFEK,. EHEM
PNz R

Re B G AF SR O 7 B AR TR = S AR . IR E N — Rl Re s, nTRAsSEElE
Ae S RE B A EL A4, 76 BN DRSS gt N T AT EF[2] [3]. SRS R H b an R
FRHV AT, BB T HIAE N — R A kI, A MR P RN A, QD RE R R H
JER E, JE AR, XA 4] [5]. XL LB d b IRl 52 2] )R T g AR 2 TAR S
MITTBR . SR, FH AR A il B A8 1 7E SEBR 138 F I AR AR SR A AR 45 TR 22 B AN B A (4] ol , 8T
A 5 HEL 21 7R 2 AN R SR H 2 TR A B 1 H b L A AR A L 530 T A S )i oA HL 22 4 R0
R AR BT s S e Ry S A IR B R A R B ARCR R . R H AT
IR RHR R I K 9 IX — s ) B 2 # (6] [7] [8].

I, BWF TAEEXH S MR, SRERE. B EaK. ZeEebE T 72 i, &
EHA B HEAC, AT A EAH9] (101808 T LIIX— HARM B N 2k, (H 3B 1K RE % B A
A R BR8N KU i e R G0 R R EERE R TGV e IR e . (R, B S ER A EREEM R
Sn [11]. Bi)&ffodt THL S T & &M/ 26 X —TE AR ek . Hdr, Bl T 308 &k
FAREE S E[12] (3800 mAh/cm®) LA K AR A 42 J8 5/ N AR FR AR b (B M 250% [13]% BN 390% [14]. 45
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B . REANAT AR A TR FE AR TR Z K, X4 21— MR ez i EF, AR T
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b2 B ARG AR A I . PR ES T, Bi@N-C MPRERIUH T s fE: 7E
2000 KAEF G, FEARRMIRTT LAAESRRTE 235 mAh/g. BEAh, Su 28 A% Bi J0RE RN IS0 R IO B SE AR LAY
i, 7R 0.2 Alg BIHLLE B FIEHS 1000 K5 LA AR IA T LLA H] 106 mAh/g [19]. B T ESRAMUEIRE,
TN BN TPE R BT AR RS 1) Bio GRS S5 # 0] LAZERLAR 1A A 70 i Hb a2 o P4 8 e A%
R, DT B FE SO/ R R, AT $i e 2 5 F b PR AR P R E M [201]

GO BME R B 7 it () B B2 R o), BRI PR R A B ORE B E . A SO T
— PRI A T G & BT T 3, G T RE AR R I R T AR IR I R, SR T AR HLAL 2
PERE.
2. SKEERS
2.1. LUBKRAERE R R SRS Z

LSV A BC A - K5 0.0485 g 1 FLK AN RARIA T 40 ml B 17K, #AHEE 5 min Bt B /L 2.5 mmol/L
ITHIR A IE W . (EH PR R TR e ERIEHHRAB I 0.2382 g 4 &Y 18 — 1 F1 0.0724 ¢ £ "k
VO 2 FRVUEN, AREE@EFHEE 15 min RFEMETERREME. REEBETRFP I 02338 ¢ L. 0.1760 g
UL TERRBAA 0.004 g -+ ek = AR ALEZ, $6#E 30 min, M 200 pL GO J5##+ 5 min.

2.2. BREHEE

FREC— € 08 3 mm x 1 em x 2 em WEIRERAERA 62 FH o MRS A 22 AR, RV oR B R Ty
=R R TAR AR E T R . -1 VAR T B 600 s JaHUH . 2% BT KIS Peds R 0 H
PERE T 70°C ST RAE N § 5 24 ho PRIV S BVRARE BT i, S R0 TTEAR, 5315
VLR B 9 ) R TR P

2.3. PRTHAAOTELL

o DL D% 5 (196 AR R B 7 R D AR HAR ) = sl AR R B T 7E 6 mol/L 1) KOH ¥+, K CV ik
FHL R 7 R H-1.3 V~0 V, FHEIEZ TR 0.03 Vis 1B E M2k )P =& 5 I RE A, 25 FKIG
VEMLR I Y KOH VW, T 70 CHRISINT1@fE ¥ & 24 h.

2.4. BREMREBERMREHIE

P BT TE D KR E N & H . KRR . S ok B PVDF #% 8:1:1 18 &, 1Eftn b s
3hEBRETRT. BT R S GEERTE L, WEBUEE RN 50 pm. REHHLET 70°CIHE 2
FFEE 12h. B ERERECEEN 14 mm R A

2.5. EtAYLR%E

W R = AR B T2 5 9 MSK-136 I ZE FEMARIIBHRERA R A ) H, FEMHIIK
AR S EIET 0.1 ppmeo FTAE st DL 4S8 41 1B Xt Bidl, BN celgard2500, HLMRR VX
FR Fo 43 9 1 mol/L ) LiPF ¥ T Ak R — FH R ANBRIR M B (AR EE 1) B, Fib AL 504 CR2032.
LG A FBCA V5 P 0 P R AR 5 — TN 3~4 7 AT — BRI — L — B — U — G e — e L
B — PR T O AR — R AL
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SERAFRAL: R 7 SR 1 PR B (H AR R 7l 27 28 W) JSMT7500-L V) F3 485 AL i i BL & Bk 6078 )i
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FIR T, SRIHERMN 58 KA Cu B Ka Y (1.5418 AKX S8 KATEAX T 42 07 AL RS
DX-2700X)7E 5°~80° FIATHH A1 3t FEl 22 1) B SR A HIT I P B0 B B RE A iR A X SR AT S I, I A A 5 4
BEAT 53 HT

B SR RAE : KL AT G I A BAAYE 6 M Y KOH HERE BRI, Rl 4 e AR/ v TAE f b, 4A
TE R A B . Ag/AgCl HLA A EE B = B AR R AE FLAL 2 AR B (B R AR AR AT FR 2 7]
CHIG660E) 32, H b2 A4 4 (1 18 3R AR 22 il 28 (CV) T 25 . LandBT2013A 3R & 48 R VI HT B 45 PR A 7]
NEARE CT-3008) b e jth 34 47 15978 78 75 FEL AR

PR AR R R, @ b R A I LA R REREE . R AR
B SR AT USCER AT BT v ) R PR TR S S SR A BN U . A S rp e 78 i F ik
BT MR 0 0.01~2 V, [E AR 500 mA/g, EADETRMTE 1 PR,

Table 1. Test procedures of constant current charge and discharge

= 1. ERFERENRAEF

T N FAF
1 FrE 5 min
2 LEM )G HLEN T4 0.01 V
3 FE 5 min
4 LEMEN HEKTHT 2V
5 {EEN M1 F] 4 8 500 X
6 g

3. ZR51TR
3.1. ERERIE

B 1 Oy HBEEARTE BUE LRI Bl s Ak MERTE BE IR Bi By AR, M1 HaT LA, PR H
WAL REAE U FO R AR AE PDF = Fy 0 B R RFAIE 6 — SR iy o LRl F AR AR (D AR I e o vy B 78 U
TEAEE, UERH 1 M AR B R 45 A B AR o VEALHT IS I AR RE X IR L e A, IEBE T
FE IR A B SR A 2% s ST 25038 F A BHE AT 5 A oy o S AT AT M 20 23 ilfE
22°, 27°, 37° 39°, 44°, 45°, 48", 56°, 59°. 61°, 62°, 64°. 67°. T1°\ 73°. 75°. T6°ML. J3 Nt
JRERIRI(003)« (012)+ (104)s (110)+ (015)+ (006). (202). (024)- (107)~ (205). (211)~ (122)~ (018). (009).
(027)~ (125). (033)¢& 1.

TR AR AR R AR B RN, AR FCRTE AN R AL T — @ 784k, & 2 s s i)
BT B F AT R RV S R FE R T A S . R 2(a) B 2(c) B 2(e)s T 2(g) il LB
TERTE B R AR BB R 500 £, 2000 1%, 5000 f%. 20,000 {5 ISR % . MEFRTDLE Gk
HIT PR 5B B AL S ORLIR B B R 3 50 TR E LI b, BANORL ) A2 4E 200 nm Aida e 4] 2(b)s
Bl 2(d)s 20 Bl 2(h) 7 B2 T A0 J5 I BB BRY R TBOK 1000 f5. 5000 £%+ 10,000 £5 40,000 £ 1ITE5
B MWEFATLLE &S iE it 2, Bk SRR 4 A B INg%, HBITIRZ FEE0, B4R
JZ )R R MELE 20~30 nm 2 [A] o W& AT FER K T sk I Lo R AR, AHAE R AR R AL | 3 2 1 fif
BT R
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Figure 2. SEM images of bismuth before activation magnified (a) 500 times; (c) 2000 times; (¢) 5000
times; (g) 20,000 times, SEM image of bismuth after activation magnified; (b) 1000 times; (d) 5000
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Figure 1. X-ray diffraction patterns of Bi after electroplating

and activated powder samples
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Figure 3. The first three cycles of CV Curve of electrode material before and after activation at 30 mV/s

& 3. ELRIEHIERMRIE 30 mV/s TRIBT=FE CV #hsk

] 3(a) ] 3(b) il RiE A HT IS B S AR A RLAE 30 mV/s R NI CV th £k . HoAr stldf
BRI, Ag/AgCl 2 L B, £11 %l B Al . Bl 6 M KOH ¥ . HLE % F18—1.3~0.3 V.
B ASHE R I, PR AR R R A 70 755 F e R 2 ) L T R SR A R U, T A S PR BB i o e ]
BRI AR BE R o IE BH V& A J5 R 505 B D RH R A B8 47 P 7 S L Ik R o A T R R A ) AR DR e I G S T
DABA 5T B3 MR B o2 8105 g o D A o DA PELEE 8105 A T R A A 118 B 8 PT BAFH AT A 2 ARG [ 21

Bi’* +30H" — Bi(OH),
2Bi(OH), - Bi,0, +3H,0
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BiO, ) te = Bioj(ads)

(ads) +40H™ +Bi
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Kl 4(a) LA AE TR IR AR IR0 I S BT R VE AR S PR S5 B R AR 9 B SR PR B BT BR AR D
WA R H 258 SR B - FIBAE 500 mA/g I R FE R B B e o th 26 18], LA s A an e B plob ) L TE AL
S 7 FAR AR LA R T A J5 8 T SR (14 SR B FAR A L Bl FE F S B4 A 238 mADW/g. 320 mAh/g. 404
mAh/g. A ES BN 273.5 mAh/g. 356.8 mAh/g. 403.2 mAh/g. FLEOEALGHT S TIARLEI R EE B
WA R () 78 TEOBAE B AIE BVE A R F AR ) i HL e A & I R IS T, L AB0@ ik AT B ik BE 4
8 1 E AR AN L AR W R AR ETEALE  FAR R, IR B F I N 3 R SRR 25 TR0 AR AR ) £ e
PEREA E R B 3 THEH

] 4(b) 2 DA BB AE IR ER B VS AT A R BB T A0S IR BB BR AAR § b SR AR FRL B A RO H
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Figure 4. (a) First cycle charge discharge curves of three electrode materials; (b) Cyclic performance curves of the first 150
cycles of three electrode materials
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Figure 5. EIS test diagram of three electrode materials
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