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Abstract; Mn, O, /Fe, O, /few layer graphene/sulfur composites were prepared by melted salt method,
interlayer catalytic exfoliation, annealing and melt diffusion method in sequence for lithium-sulfur
batteries cathode. The three-dimensional conductive network formed by highly conductive few layers
graphene provides electron transfer channel, thus promoting the high capacity performance of lithium-
sulfur batteries. The metal oxides distributed uniformly on the surface of graphene exhibit strong
interaction towards polysulfides, which can restrain the dissolution of polysulfides and shuttle effect
and promote the cycling performance of lithium-sulfur batteries. As a result, the Mn,O,/Fe,O,/
FLG30/S cathode shows high capacity and cycling performance. The cathode delivers an initial
discharging capacity of 886.3 mAh « g ' with a high capacity retention of 88. 1% after 100 cycles at
rate of 0.1 C.
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Fig.1 SEM images of products during graphene preparation
(a)natural graphite; (b)stage-1 MnCl,-FeCl;-GIC; (¢) MnCl;-FeCl;-FLG by interlayer catalytic

exfoliation; (d) MnCl,-FeCl;-FLG by further ultrasonication
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Fig. 3 XRD patterns(a) and Raman spectra(b) of natural graphite,stage-1 MnCl,-FeCl;-GIC and MnCl,-FeCl;-FLG
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Fig. 4 SEM images of Mn,;/Fe; 3 /FLG with different annealing time
(a)30 min;(b)60 min

£ 1 Mn,0;/Fe;05/FLG30/S #1 Mn,0; /Fe, 05 /FLG60/S M E &M hEETENREN (%)
Table 1 Mass fraction of the main elements in Mn, O, /Fe, O; /FLG30/S and Mn, Qs /Fe, O; /FLG60/S composites( %)

Composites C Mn Fe (0] S Cl
Mn; O3 /Fe, O3 /FLG30/S 28. 64 1.51 3.32 6.93 58. 16 1.42
Mn; O3 /Fe; O3 /FLG60/S 20.19 6.51 9.05 20.19 49.63 3.73

(a-1)

&5 AS[AER b BEES (] 9 My O3 /Fe, Os /FLG B4 B A 1045 2-m £i%
(a)30 min; (b)60 min

Fig.5 TEM images of Mn; O3 /Fe; O3 /FLG with different annealing time 1-low magnification;2-high magnification
(a)30 min; (b)60 min
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Fig. 6 Raman spectra of Mn; O3 /Fe; O3 /FLG30 and Mn; O3 /Fe; O3 /FLG60(a) and XRD patterns of Mn; O3 /Fe; O3 /FLG30(b)

15 5] Mn, O, /Fe, 0, /FLG/S & & M B, R A
R 80 B R 5 Mn, O, /Fe, O, /FLG B & . Lk
Mn, O, /Fe, O, /FLG30/S & & ¥ 8L hy il AL 67 AL R &
OB ) 55 48, Mn, O;/Fe, O, /FLG30/S ) Raman
JEiE R LT 161,218,470 em™ 'Y 3 AN EWEXT R F
TR P8 g, 5 B, XRD 45 R R . B A M OoR
Mn, O, /Fe, O; /FLG30/S Hh 16 5 1E 28 i B A AH [F] 1
ik (B 7). R AIAE M E Mn, O, /Fe, O, /FLG
EAM B & R A ALY R & i RL L Mn, O, /Fe, O,/
FLG/SE &M B i & &, 45 R B /R, &4 MK
Mn, O /Fe, O /FLG30 H X4 & A1k W i 5 B 0 B0

29. 6% , T & & # ¥ Mn, O, /Fe, O, /FLG60 1 3 4 J&
AL AT R A B 44, 9% (& 8(a)), H Mn, O,/
Fe,0,/FLG30/S 5 Mn,0,/Fe,0,/FLG60/S ) TG
S ATAL, PR A SRR B S R 0 74,806 (& 8
(b)), BeAb, FIHRETE 45 R e e T i A AR &R
A ALY P o R L AR AR LA . X B Min, O /Fe, O,/
FLG30/S 1 Mn, O,/Fe, O, /FLG60/S Wi 5& & #1 %}
H &% G 2 TR A BT L C o R 43 SR IR . Min, Fe
O JCE M 5Tt 73 B0 I 15 Uk B B A A A 38 )
() P 84 o, W 4 S8 SR AL W B B R YR BT . % 4h
B 5 F R Mn, O, /Fe, O, /FLG & & 1 819 49 1 1 15

@)
Mn,0,-Fe,0,-FLG30/S

(218)

(151) (470)

(b)

Mn,0,/Fe,0,/FLG30/S
[PV WONTTY T T *

JCPDS No.08-0247

100 200 300 400 500 600
Raman shift/cm™’

Lh ol Il|||.||lIJ.ILl.Lllqu.ﬂ.IJJJ.IJI.L||11u.u_|_l
10 20 30 40 50 60 70
26/(°)

K7 MnyOs/Fe;Os /FLG30/S By F1 2 &3 (2) & Mn; Os/Fe, Os /FLG30/S Y X HHk 417 4418 (b)
Fig. 7 Raman spectra of Mn, 3 /Fe; 03 /FLG30/S(a) and XRD pattern of Mn, O3 /Fe, O3 /FLG30/S(h)
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Electrochemical performance of MnCl,-FeCl;-FLG/S, Mn; 03 /Fe; O3 /FLG30/S and Mn; O3 /Fe; O3 /FLG60/S electrodes

(a)CV curve; (b)C-rate performance; (¢)cycling performance at 0. 1 C rate; (d)cycling performance at 1 C rate
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