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A AR 2 FEh= 253 AXE 2 oux] WS zhs wbd) 3k A 54, M8 J4 ae)a a9y
2o R Qlato] g3l ofgfo] gk & Aol AAIFo L st FFoia} W o nijlt ¢} HAA}T §li
ZAAY A5 A BAERE(CNTE 2] 7R 2 fIste] ARELIlT 91714 CNT= A
AALF ERA s Sl I F7R SlEETEae| =] Fako) go)dt S48 E(MO,, M=Ni, Mg)&
CNT/S A=l H7Isho =y glf-3 179 AERRS SAIBIITE MO@CNT/S A= S48l 5-S E90eH] 92
CNT/S 2=l ]l & 45 BEAT Aol & PAS veRlglon, ol S&AkelEe] 953t g EEgAdaelE &
zH B o= Qlalo] 3 gzl =48 AAs Ajolth. MO@CNT/S A= FollA] NioE =8 NiO@CNT/S 4
=2 1 CollM] 780 mAh g9 & W gES- JERIT 200 A0]1E # 134 mAh g' 02 FAE g 7haT) el
Wk MgO@CNT/S A2 0= 27] Alo|Zol| 544 mAh g19] W2 W g2ks VEliA|RE, 200 A1E714] §38-5
90% A= 3 AlolE QPgAdS UENIQITE. 853 ALolE P ERE 91519 NitMegE 0.7:0.39] HI &=
38k Niy,Mgy;0@CNT/S =2 755 mAh g (1 C)2] Z7] "85} 200 Alo]F Tl 90% od<] &5
A&S YEMISITE wehA] o]l S4AksHEe] ONT/S Tl Al o 22 282 ek S/ gmut ofuet 71 & &
AR BEEedol sl §58 afH o R sfste] Aol s BE-5 A2 Ade] 7behs AT

Abstract — Lithium-sulfur batteries, recently attracting attention as next-generation batteries, have high energy density
but are limited in application due to sulfur's insulating properties, shuttle phenomenon, and volume expansion. This
study used an economical and simple vacuum filtration method to prepare a freestanding electrode without a binder and
collector. Carbon nanotubes (CNTs) are used to improve the electrical conductivity of sulfur, where CNT also acts as
both collector and conductor. In addition, metal oxides (MO,, M=Ni, Mg), which are easy to adsorb lithium polysulfide,
are added to the CNT/S electrode to suppress the shuttle reaction in lithium-sulfur batteries, which is a result of
suppressing the loss of active sulfur material due to the excellent adsorption of lithium polysulfide by metal oxides. The
MO,@CNT/S electrode exhibited higher capacity characteristics and cycle stability than the CNT/S electrode without
metal oxides. Among the MO,@CNT/S electrodes, the NIO@CNT/S electrode displayed a high discharge capacity of
780 mAh g at 1 C and an extreme capacity decrease to 134 mAh g! after 200 cycles. Although the MgO@CNT/S
electrode exhibited a low discharge rate of 544 mAh g™! in the initial cycle, it showed good cycle stability with 90% of
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capacity retention up to 200 cycles. Further, to achieve high capacity and cycle stability, the Nij,Mg, ;0@CNT/S
electrode, mixed with Ni:Mg in the ratio of 0.7:0.3, manifested an initial discharge rate of 755 mAh g (1 C) and a
capacity retention rate of more than 90% after 200 cycles. Therefore, applying binary metal oxides to CNT/S provides a
freestanding electrode for developing economical and high-performance Li-S batteries, effectively improving lithium

polysulfide’s high capacity characteristics and dissolution.

Keywords: Lithium-sulfur batteries, Freestanding electrode, Vacuum filtration method, Metal oxides, Dissolution of

polysulfide
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0] A (Lithium ion batteries, LIBs)= %< 2152t
U] Ui, g SA TO0E AFTE tiF olux] A% 4A
A LASHA AREE L QAT 1,2]. A RE A7 IR s 5 S T
o] ort Eoldel wel g, vEY, 7 Y 54 e A
ol tst Q77 7kt 9tk ok A AL Z9] LIBs: &
‘go] YA TLEES v|Ze g 2AE AREste] 7HA 3 2gk
7 S0l B A W=th[3-7]. WEbA] ol 85 e A
3 &2 4 voyx|7} 7sd aﬂﬁ A AR o] Al
sttt

2453 1A (Lithium-sulfur batteries, Li-Sy= 7|2 LIBs ¥.t}
6Hl7FEF 32 oflU %] W2 (2600 Wh kg™, 2800 Wh L™)e} <11 wf
geFo] FH-e ZAo] gl 35 L EAE AMESY| Wil A
AR ol 1 WEF A o|m] A HAZ FHEA QIrhs-11]. 217
1 2H(5x107° S em™) BEA 2] A EAJOZ Qs SEAE AR

Al Bo] ', AEA ke 22 A B4 § AFgsllof
st} 7,12,13]. ELTL 253 AA= s 92 1707} Li 94 2709}
HEg-ato] HF 3591 i F3k=(Li,S)s Bk vheel 9
E2 02 %%h} o] WiE AlzapAIRt, W 37 F 434
+ 30 A EQ] gF L8l vlo] = (Lithium polysulfide, Li,S,,
<x <8yt AAR §FE o] Y57 &7 APl & ol ssh= ME
A7 (Shuttle effect)e} HF 52 QIEZo|E oz G54 &
A3} 3 85 9l Ato]F Ad5o] Ak 14-17]. 3t 312.07 ¢
em)3} FHF A EQ LiyS (1.66 g cm™)S] BT 2ol = qls| &
Wro] Zsgel et 737} B E o] Ao n|7helE &4
A5 71A1A 72 B R o]ojAm =2 o] FrolzIth18].

e ATrelx s & B AV ER S flste] ©ant
58 EALbeAlS OFA] Bk, e S AEA o] 958 Bl
A H HE Poly(3,4-ethylenedioxythiophene)-poly(styrene sulfonate)
(PEDOT:PSS), polythiophene, polyaniline®} 72 A %A &2}
ARE S Behslsls A7 AaE a oloh19-27]. 53], #<d
SF BhA Ao ARES T Al e RS iAo
F AAlsk= Z1 o0& ¥ yF v} QItH[28-31]. Chong AT LFoIA =
222 H]—,\pﬂ__ o]galo] MAo] =11 A3 rGO/GC/S Bl .
Z3to], oA Adsds IAF AL, GO 82 F
ﬁ]ﬁﬁﬂ—%éoﬂw B Aol & ALAS AFEART 1GO
9l GCo =98k rGO/GC/S A2 0.2 CollA 713 mAh g9 27]
A g5k 100 AFo]E 3 524 mAh g ') 85 VFERSITH30].

OFA Agek 2| ONT 59 H]573 A5 3490 e FE
2] gpo] moto] vhe s 0 7 W okl glEEulduol =t
x% onli %QE} 32 Iﬂ-ﬁ]—/ﬂ Eg]x% e ﬂzl;ﬂ oz E‘HCET
‘duto| =9 Wf)ﬂ &o] 3 FEAHE(TiO,, MnO,, Ti,05, SnO,,
ALO;, Si0) 5 =73 E el #et A% A= a1 QIrh[33-38].

“ﬂc‘l'r

Wu L&l 1L g4=
A z8fo] -
NiO Fol= Blfr%rﬂ*éﬂi@] A= %XLGPO% ez o] 5= oA
SEOITE ®ha Al Hxke] ERkE golabA shal 73] WskE oA
3107 0.2 CollA 1210 mAh g2 =2 %7] W85 100 Alo|&
71 66%2] &% AE-S HERAITH39].

FZoll= dlofel s Alge] gl A=k Aol tigk Fe ke St
Sz Aot H2 2 Aol A= A F viIT 7} Qls =
YAy SEUAE A=l Oig A7 A3 e 9lo, o]t
FUAE A5 Aol 2 A3 3ol sl Fu %S oA
4= qlow, aReit A A o] FAE wf-e- FAA ) B 2=
UH40,41]. Ze]~wlg =0 Az W2 2aofat iy, 247
AW, 28]3 B4 1z W o] 9lth42-45]. Wang AT 1EoA =
ol 299 1GO (S-1GO) Flo|HE &4 Ax9} AL dAE &
3l deklar S-rGoE A7k o] & HIES A 2 Ayt &
55 $shrA = Z o ® VRt A3A 0%, 0.5 CollA
749 mAh g9 Z7) W83} 200 AlO]E F- 658 mAh g'9] &
S AASATHA3).

Aol e el o ONTE H A 4
A, VRIE} Rl Rl e A Aok ol
2 A9 Fo MERAE kA T FEAEHEMO,,
M=Ni, M€ S22 2salg) 415 el) elshsieh. uleltl sl 4 447}
Gl ) el aE A AAloln, 7)we) Zeje] Al
ge) A2 G7AL PRe Sgel mee] Al ol
$ei7} glo] AFe) 71AS T2 gl SSstek. e 1)
A AR AR AHES ONTE 8 S50 WHAEEE 3

AZ1aL, T A 8 AP el A v = EEEEA
Sol=g A OR FAAYO M FRAL o §EHS 3
LAt a3l
2.4 o

2-1. 2SLEE 2y

FEABHE (MO, M=Ni, Mg)2 A1 %37] $138+9 0.08 g N-
Cetyltrimethylammonium bromide (CTAB, 99.0%, Samchun chemical)
3} 0.4 g Polyvinyl pyrrolidone (K30, PVP, TCI)S 25 mL 55
15 mL ethyl alcohol (anhydrous, 99.9%, Samchun chemical)E <
T8 golol Wrhskol T W7k ARk 10k 2
mmol 8] F&AHsHE 9] AT A (NIINO;), 6H,0, 297.0%, Mg(NO;),*
6H,0, 99%, Sigma-Aldrich)2} 20 mmol urea (99.0%, Samchun chemical)
18] 5 mL cyclohexane (99+%, Alfa Aesar)s ¢ 8-l 7135}
o] 4A3F EQE WRIAZL 5, 110 TollA 3AIRE E_t A= 2
ettt PR Ni A7 T olleb2 = ofe] | A
Z5to] 60 ColA 37 A= AZAIATE 12 F, 5C min' 2] 52
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Fig. 1. Scheme illustration of the synthesis of (a) metal oxides, and (b) freestanding MO,@CNT/S electrodes.

HIEF 300ColA 3A17E, 550 TellA] 5AIZE 271 29170014 A
2 & sto] HF FH5AEHES A8l Fig. 1y o 25
2k 2] AlEe S YERISIT.

2-2. ZE|ABE M= M=

22 AT Fig. 1(b)9 2ol 1307 WS o] 83t
Azek el Auy A AZ2E 95k 5 wied] FE5AtEES
HA] 40 mLe] isopropanol (2-Propanol, 99.5%, Samchun chemical) ]|
A7 B9 25T o] 838 AR AT Itk 20 mg?] ©hAs
U457 H (Carbon nanotube, CNT, Multiwall, D: ~20 nm, L: ~5 pm,
Carbon Nanomaterial Tech. Co, Ltd.)E % 7}3}o 30 & 52t 500
rpmef| A WRESE 9, 30 23t 25 vk Ik Ak Egel
o}~ 3] Yo & o] &-35lo] o] K] (Advantec no. 2, 5 pm, Thickness:
0.26 mm, Advantec) $]°l| &J3A17 60 CollA AZAIFA T} A Z5H
A2 52 ATX| A HAW $, 0.14 mmol] S(precipitated,
99.5%, Alfa Aesar)= &3+ 0] 23}€E4~(99.0%, Kanto Chemical
Co., INC) &84S A Fo|=7 AAsto] 35 AT T2 60 wit%eZ
2Y3Iglon T Auy W50 T 80 umo]t.

2-3. A Y

A S 9 A B 2EF FRIEH] $lete] 25 TellA
700 T &% WSl 10 C min'e] £ L7 5 74
(Thermogravimetric analysis, TGA, LABSYS evo TGA, SETARAM
Instrumentation)s 1 283}QITE F&A4kelEe) A% 73 XA 33
24 (X-Ray Diffractometry, XRD, Bruker AXS, D8 Discover with
GADDS)C. & #A%¢lon, FAPHAIE Y] 7 (Field emission
scanning electron microscope, FE-SEM, Carl Zeiss, LEO-1530)=
ol gste] FelT Hlakgir. AF ) BA B AR
X-" &2 (Energy dispersive X—ray spectroscopy, EDS)= 53l &
sttt elEEeld ol =] F2F 5432 AL -7 8
34 = A|(UV-vis spectrophotometer, Cary-5000 UV-Vis-NIR, Agilent)E
o] g3t FA8F o H, X-4 FH A} w4 (X-ray Photoelectron
Spectroscopy, PHI Quantera-1I, Al Ka, 1486.6 eV, Ulvac-PH)<> CNT
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9 SEASHE] s1eHA A Elskr] ffsl ARE-E It

2 -8 A4 9] A7]5k8H4 52492 CR2032 coin half cell 2 A
Zkato] B ahith Al2et Zel Ay A=E 2 ecm? (D=1.6 cm)
7|12 9 EPa SEE FH2 oF 225 mg em 0|t Li 953
A (Li Metal, 0.5 t, Welcos)= &= 2=, Polypropylene (PP, Celgard
2400, Celgard)S #-2]2F0 & A3} o m, A A2 1 M lithium
bis (trifluoromethane) sulfonamide salt (LiTFSI, LiN(SO,CF;),)&
&3t 1,2-dimethoxyethane (DME)/1,3-dioxolane (DOL) = 1:1 (v/v)
glo] 0.1 M| LiNO; (Sigma-Aldrich) H71HA1E5 3718o] AR&-3)
Sk, A Z25E AbA o 7 0] 1 ppm B[RRI o} 2 3 781712
SR HEA QoA X3 E] Q. =3k Hd 74 (Cyclic voltammetry,
CV, WonATech, WBCS 3000L)> 0.1 mV s'ollA 1.7-2.8 v gt
MM ST, A7 F ¥4 (Galvanostatic charge-
discharge test, WonATech, WBCS3000L)->- 1 C (1 C=1675 mA g &
1.7-2.8 V A W 9lelA A eklnt. 713184 feud s 54
(Electrochemical impedance spectroscopy, EIS, Metrohm Autolab
B.V, PGSTAT302N)E ©]-8-3}° 0.01~100 kHzS] S35 ®HJoA 5
mVe] X& 07 SA3IGItt BE F 1 5442 25 Collx] A <F
43 el W2 AHFUE(0.1 C)llA 58] F 9 [ F S35
Art.
2

2 A &

Fig. 2 ¥4 55 AA3] A3l S4 st a52kstE A7
A€ TGA otk Ni A7A 8] Z3-F, 260 C FZ7HA] AFA)
B S8 Zukof o) ok 2.1 wi%d] 3 A7) UEk L,
260~320 C= 17 2HCTAB, PVP)2] #3] 9} Ni 4747} NiO= 2]
ol ®ESA] (1, 2l & st T 7442 (24.3 wi%)elTh.

Ni(OH), — NiO + H,0 1)

Nio + &=Do, 5 Nio, @
2

320~550 C Yol YeE= 3.5 wi%d] 53 Zhs whe-24)
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Fig. 2. TGA curves of hydrothermal materials as metal precursors
at air atmospheric conditions.

(3)°lA LFERA 213} 7Fo] oakgleEl Nio, 7} Niogh 0,2 #-3j 5] w
A FERkTH46].

Nio, > Nio + &lo, 3)
Mg A7 (Mg(OH),)%= Ni A4 ¢} v]55F TGA =41 FHiE

LERILC ™, 400~500 T W floll X 2] Adraolel o Feastr) vt
a_u-ou% AhHo] 1A o] HE2-A] (4)g1_ 7E1—q_ 47].
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Nio 7Mg03 q?XﬂL I Sk W 7.7 wt%2)

Zak T

7H= 520 C7HA 0101% Row &
A 300 CollA 3x17-9] ek 3} whA|9) 550 CollA 5
385 T aHAsES FAEI

Fig. 3(a)°ll @A Egt 25AkE 222 XRD 24 435 et
ek =84 ek Ni dEA1e] XRD A% 141 A3 (001),
(100), (101), (102), (110), (111), 201) Al HF3t= 3]y
=7} 199, 33°, 38.5°, 52°, 59°, 62.7°, 72.7°014] VER L, o]= <)

2o 3

A2t 1)
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WA -222] Ni(OH), JCPDS card no. 14-0117) A7 739} LA
BISATE. 300 CollA 327 DA 2|3 AIEL- 37°, 432, 63°, 75°, 79°°114
NiO (JCPDS card no. 47-1049)°]l 3l 5H= (111), (200), (220), (300),
(222) A4 3189 27} RO m 550 CollA 3AIRE dAE] £,
A% 737} 57k 2 02 YERTh MgOs= 550 Collx] dA]elst
50l 36.9°, 42.9°, 62.3°, 78.5°°1 41 MgO (JCPDS card no. 43-1022)°]]
GEH= (111), (200), (220), (222) 2AH] 3437} Vbt
Mg?| 7}l ket Nio2] 3149 F+= o Wil A7 hass 2s
Fig. 3(b)ellA H&stAl #2ek 5= Qlt. o= Hat A4 =719] 7+
29} ¥hdo] QITH48,49].

Fig. 4(a, byt #|1Z3F NiO 2528k=9] dxj2] 5o u}& FE-
SEM ©|w]A] & YERHSITE Nio= DA 2] A thad 2] oF 2 um =

719] 78 4Rk ekl Y2Rs Aol ke FE) st A2
S121TE MgO (Fig. 4(c)) 9} Nig,Mgy;0 (Fig. 4(d)) UAH= 77}
-5.5,-3 um2| A7) E ZH= Niog} Bleet 3 o) e R E
UERIQITE ARk o 2 thad 3 i) gt 9l 7zt

o]Fo] golstal T4 I F Hy] wishE ¢hshe Wik o,
W 3y T A EE Sl gEEel o] =e] 3ol golst
o] A71gketa] B4 AT = AlTH50,51). Alzg 55AkeE 0
a0 BEXE F9lslr] 95l EDSE #4618 11 71 A3E Fig.
4(e-g)°ll FERNIQITE. A%t S&AtslE2] 54 2 Al
‘Qv} s Uehilen, o= g5kl 4
& o)t

al FET AT E(LL,S,) w2 545 dobry] flate] Alz=s
FE5ET AR EE Li,Sy/THF §94 4 mL §=2 vlo]&
o]l 712} 40 mg¥ H71510] 30 1 B2t ©AIEke] A wiskE Bl
t}. Li,S/THF §-8-2 30.5 mL | E2}}o| = 255 (Tetrahydrofuran,
THEF, anhydrous, >99.9%, Sigma-Aldrich) £ <] 0.023 g 2% A
v}o] = (Lithium sulfide, Li,S, 99.98%, Sigma-Aldrich)2} 0.048 g
3 ks A 71sked 80 ‘ColA Fig. 5(a) (Li,S, 0171 A2k 2o]
% igtao] & wizhx] wkelgich F2F 54 $2 A3 MgOE
Z71et gole] Ado] 7hg 18k gkl S wQlar, o] MgO7} 7
8 LiS, 8 & 54 2= 2l v gt %j Ni, ;Mg 50,
NiO, CNT = 2.& §-9] A2fo] AdHA Yefsttt. o] 2] st ¢4t

LipS, o F3 54 50 31 5 854 £48 Ago=H

Pd
o,
B
rir

r_>i_1

(b)

NiO

Ni, ;Mg, ;0

60 61 62 63

2 Theta (deg.)

64 65

Fig. 3. X-ray diffraction patterns of (a) various materials before and after calcination, and (b) partially enlarged XRD patterns between 60°

and 65°.
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Fig. 4. FE-SEM images of (a) hydrothermal Ni precursor, (b) NiO, (¢) MgO, (d) Nij;;,Mg, ;0 powders, and EDS mapping images of (e) NiO,
(H) MgO, and (g) Ni,,Mg,;0 powders.

(@) 0.6
420 nm —_— LS,
0.5} (b) —— Li,S+CNT
—— Li,8,#NiO
) 0.4 —— Li,S,+MgO
@ —— Li,8,#Niy;Mg, .0
2 0.3
<
0.2
0.1}
N ~————
0.0 : '

350 400 450 500 550 600
Wavelength (nm)

(d)

(c) S S S
\M/ M7 I

Terminal Bridging

S-0

Intensity (a.u.)
Intensity (a.u.)

S-0

Intensity (a.u.)
Intensity (a.u.)

L L L L 1 L 1 L 1 1 L

173 171 169 167 165 163 161 159 172 170 168 166 164 162 160
Binding energy (eV) Binding energy (eV)

Fig. 5. Chemical interaction and adsorption of metal oxides with lithium polysulfides (Li,S,). (a) Visual observation of lithium polysulfides
(Li,S,) adsorption test, (b) UV-Vis spectra of Li,S, solution upon adsorption by CNT and different metal oxides, XPS spectra for S 2p
of (¢) CNT, (d) NiO, (e) MgO, and (f) Ni,;Mg, ;0 adsorbed on Li,S,.
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g5 A9 7P & wARR A G /o) ks stk 1R
&2 54 Fig. 5(@)9] vtold 9% &9 Fsko] UV-
vis 2 EF B} upo]d ofgj& o] BH-S AT Fo] XPS
t}. Fig. 5(b)2] €N 2] UV-vis A E7 oA
TS H7BHA] 92 Li,Sy/THF $942 ©F 420 nm
¥ 97} JebE I, ONT B 454185 7}
Sholl Wt Fr 93 e s 0% UERHTE SRk 4
WHelE et Ao} v 2 MgOE H7het 849 & 7
A7} 7P A Ve TH S2-54].

CNT B= TRegh Alslaol| A 8] 27te] 31812 AelE F7H4 o ®
A43817] 218te] Fig. S(a)elxl gk 2ol P sst s Zel™st
o] Axs 3 B1o] §op XPS AFEHS =451 1 AHE
Fig. 5(c~H)°llA YERITH 22 S 2p XPS AT EH oAM= 2+
terminal S (S} bridging S (Sp)ell 711 8H= 3] A7} 163.6 eV}
165.4 eVoll A WEFTH46,55]. Terminal S (Sp)= S,2 2 2o
ﬁﬂﬂ“aLbmygsﬁﬁh%%7ﬁﬂ%%ﬂﬂﬂﬂﬂﬂ
[55]. Sz % S A% ollUA|= 93 Zejd ho| =9 F2HE v
aFaL Ol“ WA Al AR EE A BlEER el B8 FERe
24 2l5-5 AX 9 MEEHE dAst S5 EAS R E
= Qth XPS AFMED HA Aw} Mg07} PANIs S,y al SBézﬂ— o]
YRS JERASIAL o) UV-vis A3te} A3 gl FZeldvo] =
3t 7P 953 S 58S oJu]dit). 168~172 eVe] A oY

Aol M Yeh b= 3% LS, ok 3184 84 AtAE 236k =
A3}o] 4tsl-3kd 752 F 3/AJ % polythionate, thiosulfate®} 74>
S-O (-S0,) A&l 7|18} polythionate$} thiosulfate A3

713}8k7 BAe Holw 24 A Li,SE2 3l Falsith56,57].

of shgeld F

U

o w o ©

Current (mA)

16 1.8 20 22 24 26 28 3.0
Voltage (V)

15t
2nd

9

6 (©)
— 3T

3

0

Current (mA)

16 18 20 22 24 26 28 3.0

Voltage (V)

—LAA)ELE

HA7bel B RH Te Ay W 431
Fig 62 E].Oh‘s]— x—] :Lg 3]
(CV) =rd& Uepigith BE %
(a, @) I35 HERASI L, 3He J%
S Ol |3 21 Ak B R i\ﬂ“JJrOF(ans 4<x<8)
7 21 AKE ElE ERldde| Bt £84 0 AR AR f%%al
*b]o]C(lesz, Li,S)= Hel=]= w2 =1 Qloh. Akt 9] a8
% Li,S,, Li,S7F 71 A& 9] 2] F& 2] abo] =(Li,S,, 4<x<8)%}
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Table 1. EIS results and lithium ion diffusion coefficient (D,;) of Li-S batteries with CNT/S and Ni,,Mg,;0@CNT/S electrodes

Fitting results of EIS parameters

Samples Cycle No. R.(Q) Ry (Q) R,(Q) D, (cm’s ")
ONT/S Fresh 24 - 103 1.92x10°
10™ 19 47 19.8 2.65%10¢
Ni Mo O@CNT/S Fresh 23 - 435 5.54x10°
in7Mg0;0@ 10t 1.9 33 72 6.30x10°6
"»1400 @ 1208 29 ©)
= a ~ — Flat state [}
g1200 'm@mxmwmmgi 100 & _ 27 277 i )
<1000 | ) o >
> Flat state Folded state 10 times folded 1 80 5 e 2-5
£ 800 £ 2
S 600 | mra 60 5 @23
& Cl g™ Fem | L 3
o cnaeu runBuk cucaus 40 o) o 21
400 | 5 3 >
) ~ - -~ = . €
=200 | Y B | 120 ©° 1.9
3 = 3 )
a2 0 : 0o & 1.7 ' - -
”n 0 5 10 15 20 25 30 0 200 400 600 800

Cycle No.

Specific capacity (mAh g)
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at a current density of 1 C. (a) cycling performance and (b) charge-discharge curves.
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