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Abstract — Nanofibers comprising reduced graphene oxide (rGO) and Mo,C/Mo,N nanoparticles (Mo,C/Mo,N rGO
NFs) were prepared for a functional interlayer of Li-S batteries (LSBs). The well-dispersed Mo,C and Mo, N nanoparticles
in the nanofiber structure served as active polar sites for efficient immobilization of dissolved lithium polysulfide. The rGO
nanosheets in the structure also provide conductive channels for fast ion/electron transport during charging-discharging and
ensured reuse of lithium polysulfide during redox reactions through a fast charge transfer process. As a result, the cell
assembled with Mo,C/Mo,N rGO NFs-coated separator and pure sulfur electrode (70 wt% of sulfur content and 2.1 mg
cm? of sulfur loading) showed a stable discharge capacity of 476 mA h g after 400 charge-discharge cycles at 0.1 C.
Furthermore, it exhibited a discharge capacity of 574 mA h g even at a high current density of 1.0 C. Therefore, we
believe that the proposed unique nanostructure synthesis strategy could provide new insights into the development of
sustainable and highly conductive polar materials as functional interlayers for high performance LSBs.

Key words: Nanofiber, Electrospinning, Functional interlayer, Cathodes, Lithium-sulfur batteries

L = Able] A el whet a1 oUW, nEY 9 7 5 5
& 7h= o|xp ARof| tigt 27} Z7kskar QlTh[1-5]. 3FAuE &

A 7 wol A=
A1 A7

O

2§ o] A A](lithium ion batteries, LIBs)i=
wo G S8 SA0E Qe SuiE A Agell ofelFol Sl

TTo whom correspondence should be addressed.

E-mail: jscho@cbnu.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

574

-51. ¥k, 2l5-8F A (lithium-sulfur batteries, LSBs)i= &<
£%(1675 mA h ghF} =L oA W (2600 W h kghHE
Q1] ZpAIY o= A7 A2 ZHgRkar QIoi[1-6]. B8, LSBs
oA FF o7 AREE= H(sulfury> A w o] TRk, 54

E—Yl
=

rh



Mo,C/Mo,N W= QAke} $Hle 723 $Aalo)=

o] glom nl-go] Agsirh= g5l wlEel 2 LSBsell thgh A+

7} &k R Folvh1-6]. 3FARE LSBs2] A A -85 ot Al
712 ol oJsf A= 3 ek A WA, e =2 dA 54
=107 S em™)& W E= ALl F Bt 520 FEE 1A
71l ke 71518 AdsS el 3-6]. 7 WA, S} LipS A
ole] & W% 2= T4 F A 73] WskE op)skal o=
Ao) Z-o- S ZSHH3-6]. Al WAL, LSBs2| F/47 T A4
2= 2lE Z2]4 9ko] = (lithium polysulfides, Llpsu ME a3
(shuttle effect)®|tH3-6]. A5 T¥+= 2 EY 3o vks- o7 Ay
LiPS7} s el galjo] =3 5= Alol& olsdhs a2
3};]_[6 /\qE_ ij]]__L_—_ u].);ﬂ_ = /\]_O]EL Eo]_ ]_-_xq o= H]—/Kg o]—O:]
A GEA0 EAE S S5 TAE 28T} 3-6]. o]t #
AlEE LSBse] w2 71 5433 ol 238 54 9 We 2%
58 5] HARE op7]git}3-7].

22, o] 2] $F LSBs?] AR =58 913l 22| ¥ (graphene) S5
&k~ 1} 5 E (carbon nanotube, CNT) 532] &-83} ¢1-509]
a3 Qlv6,8]. 23k 12 (graphene) ™ 13H ©ha Ve R
H (carbon nanotube, CNT)2} 22 sp? &4 AES = B4 Alge

58 71 A 5A (0= 10%-10° S em™)S YERY7] wjio] A=A
EP* AN o] JES Aedo] vk 8o Ak Rhg-5 SXIA1A
LSBs®] &9 573 el 71o1gtth9-11]. A% 22|93} CNT
SO v o] Age 249 Lipsel sl w2 W3S vk
th3,12]. o= 717k Afo]E+ <t LiPSe] ks FxIsto] &
ofet 1 EAS Zellsh® 84 B shekA] W O % LiPSe)
17837} 7Fsd =74 Edo] I sl 13-18]. Si0,, TiO,, Co;0,,
Fe,05, Mo,N, TiN, Mo,C8} 0] Fo|&7} ofol Aol <] st 24
3t 2 o]Fof7 F4 B4 LSBsoA] LiPS] S22 $3t A5 =
484 F UtH4,5,13-18].

2 LsBse] 17151514 452 NSk $)5F ahalel Heko
2 &5} 5 Alolell 7154 FHEE EISHE AT} 2]
XIS“ZOWHH 201 715 é FATE A O T A8 5

_VE H
L=
dlo 32 oX,

o

i O]EE}&— 742 2}40}04 JE@-OJ &S WAk, 23/
&3l € LiPSE AARE-so] RERA Q1 Abo] &7 5t o fA &
HaslhehoH21-23]. 5o 252 A W) Akl g A EEE
Azst B3] ®ishE eslehs 59 72 7sS F3st21-23]
weba 757 S C2A Al AE8E w8 78 Thes =2
A7N1AEES} LiPSe] a7 x3lo] 7hast 88t a59S 2
xﬂe,] ko] 3 @ 5rH24-26].

Aol A= PP 2] 9]0l Mo,C Y Mo,N U] A gkl gl
Zﬂ%” £-A}0] = (reduced graphene oxide, rtGO)E T % =& 1L}
= A (Mo,C/Mo,N rGO NFs)E FH3}o] LSBs A5 &= 4
7164 TS 43It Mo,C B! Mo,N e dAke] 5442
AsfA R 259 LiPSE A5 o] E2A 2 4= glom Ak3)sh
A k= AAA . 53] =2 271 xdEE(leo“ S em™)E ZH=
Mo,N+= LiPS?] 3£3] 3} -s-A] o] Z2ke] <551 o5& 7FsshAlato]
LiPSe} & Apo] ] ARMEE-S sk FHrl o eks Al FSTH27].
3 124 A Ulell 7Y BEE GO 7157 TS ANt
Az 849 At Ad-S 9t o= .
24 Mo,C 2 Mo,N, 18] 1L rGO) 5@.‘8 71%‘3 S5 7]

}_

B the A 2050] 489 F-3 24 575
ATEAS Z7M 7 SAo) LiPS £ oAk o 24 3] AJAt
€& =olv LSBsY] Li o A% oo FAIXITH  AF-ollA
27N A 9] FEAIE S LSBs A4S 918 71564
Z7120 24 A3kst QY8 5"’“01] Qo YR E A F3 7 Qi

2. A U

2-1. Mo,C/Mo,N rGO NFs2| &t

Mo,C/Mo,N GO NFsi= 718 347 5 A2 345 3l
AT A7 PIALE AE BARR- NS TR 2 oA E A
Bk 4, 10 mLe] S75229F 10 mL2] ol €F-&(ethyl alcohol,
Duksan, 99.9%)° GO (0.2 g)& 7+ 5 2A1XF &?F 253} FA4t
A)ZIc}, HAREl 7| Zof] ARE-E GO modified Hummer’s method S
Sl SA WU RNE FRISFATH28]. Aol ¢hnE e
Mo =% ATA 24 1.2 g2 molybdenum oxide (MoO;, DAEJUNG
99.5%)5 H7Fstal 3mle] &XE 1Yo} (ammonium hydroxide,
DAEJUNG 99.5%)& H7}sl0] ¢4 83| A1Z0th vx|at o 2 1.1 g2
polyvinyl alcohol (PVA, (C,H,0),, Kantoy& 71810 2417t %<t 1w
HEslo] WALE: 91381 S-ol-8 A 23k, WARE- 912 21-gauge stainless
steel = =S 0] 83 A7HAE 2185190tk A7 AL A] 58
2mL h'!, 2= 3 drum =H 52 A8 20 cm, drum?] AL E
180 rpm, 20 kV&] ¢t o & WALz A-S A} WAty A f=
150 Coll 1417F QP83 3 5% Hy/Ar £-9)7]01M &4 W Ary
F9Y 989 urea (DC Chemical Co., Ltd., 99.0%)2} 37 600 C,
6A13F, 5 C min'] 52 £E2 A st FH O F Mo,/
Mo,N rGO NFsE @A 8ISich. 17181eH4] A5 vl 913l 1GoE
SHFkA] 22 Mo,C/Mo,N& 3 Lt A1 -f-(Mo,C/Mo,N NFs) 5
S TUs A7HAL 9 AAE] 231 Sl I

= T

?

of

2-2. BAMHRY

Mo,C/Mo,N rGO NFs®] @7 gRl3 918l FARIAAY] 7 (FE-
SEM, ULTRA PLUS, ZEISS) ¥ % 3¥}7d x}-¢v] 7 (TEM, JEOL,
JEM-2100F)& AHE-3HITh Al 9] 2 45 ¢l X4 3] 4(XRD,
Bruker AXS, D8 Discover with GADDS)#4]-2 X al5}3itt, 1.3k L
Ao 94 B4 248 8l EFE4(TGA, Thermal gravimetric
analysis, TA Instruments, SDT 2960y &-7] #-$171°14 10 C min'<]
S SLF 700 T7HA WgRgivh. A W] CoF N 948
218 98l 1-2(1200~1400 C)AAH el 7|0k QAR (EA, vario
MICRO cube, Elementarye X133t} 6] £29] 23t =&
g13t7] 918l ek -3 7] (Raman spectroscopy, RAMANtouch,
Nanophoton)E ©]-&3}5t}.

2-3. X-17|§|.%I-I-I EA-I _'?_A-I

Mo,C/Mo,N 1GO NFsZ TR 7|54 5353
2] IS ARgate] AAEkltt. 7157 S Al
ok, Mo,C/Mo,N rGO NFs (70 wt%), =7 Al (super-P, 20 wt%)2+
H}¢1 ] (polyvinylidene fluoride, PVDF, 10 wt%)S & 42| N-
Methyl-2-pyrrolidone (NMP) 2-wllof] E851a1 12A4]7F 53t wRlsed
ZoE)E Alxsoith Alxs &elel= PP e wH(Celgard 2400)°]
gt ol 9 Eglo|=E AMg-sto] " st Sefert ¥ E

TP ER2 60 T QE-of|A] 2443 A2 & A3 ] t]AH(6=19

s

Ll

L

4

) OlN
mlo rlo
ko >

5 B o

9

0
o
X

Korean Chem. Eng. Res., Vol. 60, No. 4, November, 2022



576 oA

H

mm) FE|E F0EF3ICE 3 W52 3 &2, super-P, PVDF (7:2:1

H]E)yE NMPol| Z3ste] F1]skeict. *“EWL AL A 91l 22
g3l A% 5 948 tXAd (e = 14 mm, 3 2.1 mg cm?) 2 FH]}
At 7157 S1H5o] 2-8-% LSBs?] @71:@}@}@ S S A5, L
w53 7154 TS AHEske] Aol A SR E A oA
29 ¥2032-72! o]-g-sto] B7Iskadch. 7] Al A 1,3-
dioxolane (DOL)%! 1,2-dimethoxyethane (DME)E- 1:1°2] F-3] H|Z &
3 £ 1.0 M2 Lithium bis (trifluoromethanesulfonyl)imide (LiTFSI) <+
0.5 M2] LINO;E &3l A1 A AFE-stlth <=8 At 77 (cyclic
voltammetry, CV) BI~E+= 0.1 mV s'A7 &l 4=333}9] o
), 21 A18& WBCS3000 (WonATech) ZHH 7] 2 o] 8-
25 Col A o8] Crate® 333 CV 9 -4 HAEE
1.7-2.8 V] H3t W glol A a3k3] a1, CratedtA] Al 1.0 C=
1675 mA h g2 A7g3}3i}.

L

Ao
2=

a

| F

3. Znt 3 oA
Mo,C/Mo,N rGO NFst= A70AL 3~ A48 345 53l 34
RT3 O T EAle] FEf 2 A B4 Bl HE
Ao AR 9712 gt skl Fig. 12 A710AF 2
150 ‘ColA 2] :PdslE F3ll Yol Mo salt’/GO/PVA & A

mA) 29} A 4 Aajolt). Fig 1a2] AWlEFE-SEM A3, &

o

AE A ok A% A AR7F 124 AN A el Go
AR QIS F57 Fyle] o] FEE ST Fig. 1b8] FE-SEM
oJu|A & F3ll °F 550 nm2 1 A7E Z= Mo salt/GO/PVA &
AR BEE o %%J %101 et A4S Elskeit.
oli= HY3tE AR Tl T AR Ul LEA A Mo saltZk 9
O 7 MEEA] kil L3t 1%‘ & om|Ith. Fig. 1c8] W
FE-SEM A}, WAke 324 W57k 2l 3hs E218H3i T Mo

Intensity (a.u.)

30 40
20 (degrees)

20 50

Fig. 1. (a-c) FE-SEM images and (d) XRD pattern of the Mo salt/
GO/PVA composite fiber after stabilization at 150 °C.
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Fig. 2. Morphologies, SAED, XRD pattern, and elemental mapping images of the Mo,C/Mo,N rGO NFs: (a-¢) FE-SEM images, (d-f) TEM
images, (g) SAED pattern, (h) elemental mapping images, and (i) XRD pattern.
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Fig. 5. (a,b) FE-SEM images of the Mo salt/PVA composite fibers,
(c,d) FE-SEM, (e) XRD pattern and (f) TGA curve of the
Mo,C/Mo,N NFs obtained after reduction of the Mo salt/
PVA composite fibers at 600 °C in H,/Ar atmosphere.

Table 1. Elemental analysis of the Mo,C/Mo,N rGO NFs and Mo,C/

Mo,N NFs
Sample Carbon (wt%) Nitrogen (wt%)
Mo,C/Mo,N rGO NFs 441 23
Mo,C/Mo,N NFs 313 1.5
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