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Bismuth= 21835 25 AQ0.8 V) =2 A2 833,765 mAh cm”) W] Li-ion battery (LIBs)2] 343t 2=4A)
2 oA Jgo= &5t Bi9) Lidte] eE3t vhg 5 2AdHQl £ B A4s 85 £49 A fyE %
gttt o] & sdst7] Y5l 2 =&oAe= Nol =3 d gAo] fAE HARE 3 Uk YAKBI@NC)S] &

F &5 WS Fo) ARSHAT Ui 3719 Bismuth 352 @54 Li' o] &4 AE2E 59 ¥h5 55k
ANZ 4 9tk Eeh N =Y BhA 382 Li° o]0 F4H /e o §hS 59 Bismuth®] F1] BstE §3HF
o2 AFcha BIHR A YEYIE FAH. 8 9 4% 23 f$ =2 Bismuth 35 29(80.9 wi%) =
HojF 2o 75k 100 cycles7HA] 315 mAh g’ 83 F-A5H3iTh.

ZHOf : Bismuth, 8]E0] 24|, A 2-&F

Abstract : Bismuth is a promising anodic for Li-ion batteries (LIBs) due to its adequate operating voltage and high-volume
capacity (3,765 mAh cm™). Nevertheless, inevitable volume expansion during Bi alloy reactions leads to severe capacity loss and
cell destruction. To address this, a complex of bismuth alloy nanoparticles (Bi@NC) embedded in an N doping-carbon coating is
fabricated via a simple pyrolysis method. Nano-sized bismuth alloys can improve the reaction dynamics through a shortened Li'-
ion diffusion path. In addition, the N-doped carbon coating effectively buffers the volume change of bismuth during the extended
alloy/dealloy reaction with Li" ions and maintains an effective conductive network. Based on the Thermogravimetric analysis (TGA)
showed high bismuth alloy loading (80.9 wt%) and maintained a high gravimetric capacity of 315 mAh g" up to 100 cycles with
high volumetric capacity of 845.6 mAh cm”.
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At A | 5T P ol HE (LB A8 e Al
A4, 21 57, w2 oA DE[1.2] SO I8 A A%
A2E 9 A7) AR Ee EH?HE &8 Eopl A ¥4 o
B TS WL gle. T A S 71 AT Amet
AH 2 ol 24 WIS (372 mAh g ) ol %}Xd* AoV
Al Li dEapol= 428 dthe g7 44 42 &
& BoplAl dsiok B FAle e AH L FF oIy
A UEE 2= 145 9 155 Y4(Si, Sn 5—4 Bi $)[3.413 &
& e oA s AF VI 23RS AL 9leh

Wt go] o]RojX| 1 it dlF E°1, FlF = el
Al 4,200 mAh g (Li,Sis), 993 mAh g (Li,,Sn) & 385 mAh
g" (Li;Bi)[5,6]2] 1-&Fo] WA Ht. o] F Bi At v]&, &
A AT 1 =g EFo 7 ol R ouA] A 28
2opol| 7MY AeEE e 2otk Bie HE daEE
H|3] o] 2 gaFo] Y ut th2 g A Z(Si: 2,190 mAh em™;
Ge: 2,180 mAh cm™; Sn: 1,991 mAh cm”; @ Sb: 1,889 mAh
em?) @ Z99(756 mAh cm?)o] B]e] A A O ZE &2 25 A
h0.8 V o] Li/Li"), ZTU%E(9.78 g cm™) & Bio FE & &2
A 873,765 mAh em”)E A AT oA Y S5
T@of 9] sttt v, o aA 243 fASHA,
Bi= 2l &3t 9 & 2&3} Al & R HAo| ulg- FHsto,
A2, AR A4S &4 2 G453 &9 57,815 2R
TS Bi YA A44 Q0 o2 Hod et 2 HEokes Al
22 Bi #HZ 3 A7|= ATl Ut ol= 1A Asid A
H(SEl) &9 F4S B X6t /A H7HVA
AA| TL[9,10] Atelofl A71A A HE TIAZ 5=

e 719 AEe] & By B3, A SH 9 71AH 1
A= sidsty] o) & e JdIHole 9 27 34 9
Ul 72 A4, g4 39 2 Ay XA 5 U o
2t 52 5 o7 JIHs AFsHT. & dtolA= =2 o
UAEE 9] Bismuth 4 =¥ H 7 FFBi@NC)S T4
Skleh. Bismuth YA7F &4 HjEE A0 29tE|of glown &
ol v Al B B3 AAE £ Qletk 4+ 100

o, 845.6 mAh
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cycles7}A] 310 mAh g' &F<
em? W9 58 AH WS BolzT.

2.1 BI@NC =2H| &4
Bi@NC EeAl= o< ?:i%'éﬁ ‘%‘ E4 2ZoA9 sta
of osh =AU WA, 4 wytof] oJsf 1 g PVP
(Polyvinylpyrrolidone, average molecular weight : 40,000 g
mol”, Alfa Aesar in USA)Z 30 mL ethylene glycol (C,H,O,,
> 99%, Alfa Aesar in USA)o| &3 AIZ T 1087+ W

ofr

W2, £ 89S 42 F 0.004 =2 Bi(NO,), 5H,0
(Bismuth nitrate pentahydrate, > 98%, Sigma Aldrich in USA)
£ FYT oo W kL 302 $ 27 At
Bi(NO;),-5H,0°] %EO] &l W7tA] obEAKSF 2 mL)
8912 AT TRHE S 98] A2E f7A) 120 °Col
A Thstel 2 9 9 w9 1A ATAE Aoich.
TFAE YT FAHYRE &3 BAE N, 715(99.999%, JC
gas) SFO1A1 10 °C min" 9] 7} £ 800 °C°1W 2417 %
st BAS FHelel B FeM 1A AFAES Bi@NC
A= FAISFAT

2.2 2Au
Bi@NC AlZ9] g4 3IF 9 Bi & Y wt%)2> g%

EA7](TGA; Q50 TGA, TA Instruments, USAYE 53l 71
4 10 °C min" ¥ &7] < 60 mL min"'Z 30 ~ 800 °CO]|
A EHS EAFIT Bi@NC AE9 94 24 ¢ o)t
A= XA SFAA B335 (X-ray photoelectron spectroscopy;
ESCALAB 250Xi, Thermo Fisher Scientific, UK)°l| 23] &
AE A Bi@NC &9 v]A| 2 9 £ o|n|A& A
A W& FAF AX Fo]H(Field Emission Scanning Electron
Microscope, FE-SEM; JSM-7600F, JEOL, Japan)°l] 23} HAF
=3l
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Bi@NC Al&2] A7|3}et4 =42 CR2032%F FQJUA=E 3
7koto] 23 Ar 7EAR 7HE SR HERAC| 251l
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(HFIEHE 70:20:109] SFH = Etsto] Al&stiitt. &2
2lE Cu-foilo] R3] 21g @B 80 °CollA] 24A17F 52t

Zotlth. &4 49 A% 5k52 9F 1.0 ~ 1.2 mg cm ™|
™. 1 M LiPF, A3 vinylene carbonate@} fluoroethylene
carbonate additives (VC:FEC = 1:5, wt/wt%)”} %7}l ethylene
carbonate®} dimethyl carbonate (EC:DMC = 1:1, v/v%) 2.2 A|
Z 9 AF85kiTh viE g AL vz AL 0.005 ~ 3V A
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25 At
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Figure 1. TGA curves of Bi@NC composite.

% glol W Qiae] 8 AIste] A QH3 S FAA
2 5 ik o] FHGAL 244k W & 1L ZANH I
BopoE 790 ek IALLE sl o]F TbE A
a7k ol A shastel Bi" U0 Bi GFS G

Bi@NC 52ot419] &4, 5% Bi9l 5% - TGA &3]
=45 A} (Figure 1). Bi@NC compositer= 250 °COllA] 3.7%
o] #A F7FH= UEhileH, 3719 ¥hE3t § &< Bi7t Bi,0,
& AKS} ¥hgsto] 350 *C7HA] A&H 082 25 w3ith ©
&7t AstEof o]4belta(C + 0, — CO,)7t AB/dHol wet
9.85%2] A|F 77t 350°CO A 500°CE FHAastr] ATt
0]|% 25 800 °C7IA] &=o] HE£A 0= 80.9 wt%2] &< Bi
FAE 2t

Bi@NC 534 39 3leh4] 272 Figure 201 YA B}
o o] XPSE AHESte] RAE T Bi@NC Al29] 1135]
A% C 1s 2HEHE Figure 2(a)d Zo] 5719 mj322 &
S}t C-C at 284.8 eV, C-OH/C-N at 285.9 eV, C-O/epoxy
at 286.7 eV, C=0 at 287.6 eVI} O=C-O at 288.6 ¢V. N Is
AHEYL Figure 2(b)d 0] pyridine-N oxide 402.6 eV,
graphitic N at 401.05 eV, pyrrolic N at 399.5 eV} pyridinic at
39832 eV & 47 MA2 2ottt WA, &S S35t
o pyrrolic N & pyridinic N& AT ZH A4 AR} 9
&) ATEE $Y AR AEEE 771, WE LiT o]
Ady I N EZZE e g EFYA Ao 9] AT AL-S SFALA]
A WS g AL | T A2 ASAAt
[11,12]. Figure 2(c)°lA] Bi 4f Z21}YL Bi** Fof 3Fsl=
Bi 4f"” at 158.96 eV 2 Bi 4f" at 164.28 eVOA] & F7HA] 5
9 135 YeY13,14]. ©2kA Bi NP9 7H vZ EHH2
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Figure 2. High-resolution XPS spectra of Bi@NC composite for (a)
C 1s,(b) N Is, (c) Bi 4f.
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Figure 3. FE-SEM images of Bi@NC.
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Figure 4. Cycle performance of Bi@NC composite.
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