5552 B4 5 W R
2024 F 5 A

JOURNAL OF THE CHINESE CERAMIC SOCIETY

Vol. 52, No.5

¥ ik

May, 2024

http://www.gxyb.cbpt.cnki.net

DOI: 10.14062/j.issn.0454-5648.20230779

FRE NS AE i S AL BR AN OK e DA B Lt Pk

FEH

FAEL AN KEA ABERS BHE TEE

(1. PE@FRBOR MR S TR, P4 710055; 2. [EPIRRPEE A RN A 2 AL A R, BRPE 2B 725000)

B 2 RARZIME SRR AERKIEE a-Fe,05 0K 7 RMEh

SO, Frbok ORI 2 2]t 595 2 AE AT, Fe,05

QUK T R ZI G Fe™ (B EULT, (EAFIEISTE Fey05 éf’ﬂﬂé}#?%ﬁﬁé’éik X R R RARAE 0t B S 745 2% T R

DTERT, 193] Fe,0,@PPy &K . LM 2L Fe,05 9K A IR R 24 5
Fe,0;@PPy HENAKF o 20 HZREARR AN Fe,O5 BE/REL A 12:1 I, Fe,0s@PPy H 544K Fy 3R 45057 1) s Ak 24

RN B E, 15 R4
ft. 1C THI

WIHEZRE Y 468.7 mAh-g™', FEFF 500 G0 RHF 4145 mA-hg WA E, BEMIFEN 86.2%, KILH RIFMIEHFEME.

AR AT T30 7 i T A

K. =M Bk R 9K J?‘u%ﬁ PR Lt

hESHES: TM912  SCEMRER: A
4% i ARETiE) . 2024-02-23

PER E R S LR R A IR RS
Meri, BN N — A B i ikt . (H
PR T FE AR A R A S S HLEE AT A SR R, AR H Tt gy
A — S ] A 5 Tkt ok, IEMEE
S(5%107° S-em™ )YFIHE] 24 Li,S(3%1077 Srem )]
SHMEK, &5 FERMYZ0E J R b
Tﬁmﬁimﬁ%@ i, AT B H R ZE I FLAL

SPERE, WK R TG R A AR SE R AR

RSP, Bk, AR /AR,
K 22 B AL M0 4L (LIPSs) FI T Al AN 37 U 38 1l 75
ﬁﬂﬁ“ A" B EREP T, gk,

BRI R T KEU R TAENHES, BIE{TE
Hikpe s, Aok, Zetm Z)dh, X
¢M%%%%%§ﬁﬁm5%ﬂ&mﬂﬁ%%%
ey 159,

WMk T B R S bt FE R
FUR 5 F 4% I FLIB S5 T 5 2 W 70 ok . (HBEE
WEFCIABIERN , ARG 2 50 2 7 1 R 4 A
FEAEE VA S A P R B TR . R
BIEMEI LiPSs WA —E AHIfER, {24

WA H #: 2023-10-10, BT H M 2023-11-03.

HETH: EREARRYEEHFFEDH (52302112); BEAEHE T EM
B FLHRITE (227Y037).

$—1EH. BEFH002—), T, R

WEEE: FH0989—), ft, RIEdE.

WW%&@MW%HW@%M%sM%W e
PR, DU ROt LR M AR, BRI
7SRRI SHEURES o2 #1784k i oo
WEYE 2B T Z MR AR, BE -
WA EAER . Louis BR—AH FLAEH . s st x
A5, WX T 2 B 1 AR N R B3
PRl Bl s, SR e, W Tio M,
MoS,"" VNI MXene!™45, 78 Z ik it
PR B AR, AR R ORI R R 2
LS T IO AL R L I ANIEVERR ALY LioSo/LisS
FE R T A AN 3 A0 TR, T i S48 e 0%
@%ﬁﬂﬁﬁ\Mﬂ%&\ﬁ¢ﬁ@%ﬁﬁ%%
H R0 AT, 4 Jm A AR T B A Y B R
PERTRIE R R LR BRI I0 S, Oy BT B
M IEARAS R FE K R

TRERI (B a-Fe,03)/2 H AR A A il 1Bk
W, HREARBOIR. TERE. MR, AFE N
St SbERE, 5RZHIAEAALE, 7EE5RT,
REEDS ., H AR 2RO O AL U R Y 20
FERIRN o AN, o-Fe,O5 T LMEHAB L 1 — i

Received date: 2023—-10-10. Revised date: 2023—-11-03.

First author: LI Shunan (2002-), male, Master candidate.

E-mail: lishunan@xauat.edu.cn

Correspondent author: QIAO Mingtao (1989-),male, Ph.D., Professor.

E-mail: mtqiao@xauat.edu.cn



ES2EE S

RPN S TR A I A BRAOK G B F R R e .+ 1665 -

TS BT 2R LiPSs SEA0H] 2 B 4%,
ok LA A R F AR A e P A A ) S P e
i Lu &PhEE SRS ER T MR
JRIIZERARAN FeaOs 4K A, %40k i Al PR il
ESR I N 45 2% B fL & (Fe,05/N-MC) H .
Fe,03/N-MC H [{VEPERL 5 Fe,O i) T- T Al “Fe—S,
Li—O” 8, M [FE 1858 LiPSs I4L 2% 0% b A0 57
[ #51L B }1. Cheng Zheng P44 % T =4:(3D) 2
YA 2 FLAT 58045 7 W 45 #3550 43 A 1) 0-Fe 05 44
K RL(Fe-PGM)/E A AR BT FL b B 4Rk . 721X
P, a-Fe,05 KBRS Z 5L
KA SR B LA, 5 R A A S R e R
0-Fe,03 G0 KBk 7E L 2 FAR3E T Z ALY 1A
TEASMEEAS, N2 BRACY)EL(LiPSs) 3 1R 146 2
Bt B

SR, a-Fe,Os T HL T FIBS 7 5l 11 22 S8 TG
R PEREAMRA R R . Rk, 2% a-Fe,05 %
TREAT Bt AR SR SL S el i, IR B R R M
MKAEA T . B SHREEY, WREK
(PANDPL, B HL 0% (PPy) PRI 5B 3,4- 2. 43 — S ey
(PEDOT)P 74 52 76 42 @ A6 & W2 T i 11E B 2 — il
AR T 2. IR 2 B 10 S s AT R T
HTES, B PR R SO 7S R
SRR RE MR AR AR, b S e R,
Xt LiPSs HAF sy, f LA s g it Y, 7
BAERIRE S, TS PPy IEZR N F 8 25 T
G, A AR R P T B A LA A O P
Fang Li 2P R AT s MTT T B SCHE -SRI
WA . R B 0 (1 SR I (S@PPy) 4 K £F 4
AWM BB BRI S BRI E (PPy) 5 _E i 4%
T AR AN . SRRIE A L, T
R ESE RN PPy U F IR T, PPy 52
A AR EAE, P RERIE R 2
By, DR 2RI . BT PPy B4Rt

E : ié ‘ .
Hydrothermal p-TSA
FeCly6H,0 @ B CHCOONa "> . ""’ @

180 C. 12h .

Fe, 04
nanosheets

=!
H,
Uho

p-TSA is p-Toluenesulfonic acid. PPy is polypyrrole.

(B [ 25500, S A R — TR B A R S H b
S@PPy & &bl (e AR5 b 1L G B B 3 41
HAL2EPEBE . Jun Wu 22 S@Co;04/PPy 1E 94
B FI ISR, BRBIE R Cos04 2 OMER, —Hk
ARG (PPy) 4K E 1) S LM 28 . S@Co304/PPy
PR I AR = K BATE AR B, E 0.5 C NabAT
1 000 VI I R FF 7 L2 B R 370.6 mA-heg !, 7E
1 C it 1900 XA Ja BRI I3 N BEE 0.034%
S@Co0;04/PPy & & AR HAYE P 4 g T Hip [7] 13
T CosO4 25 OBl Bk B UKL 5K 22 B 1640 1 A 1
W BH AN, DLK PPy 9K S RVERIR L, %K
Hh I T EAR RN, R T AR, SRR T
7%

BT T4 Fe,O5 40K s tb R mA, 7EHER
T JE A AT i AR K TR, i % T R 51 Fe,05@PPy &
E9K . B 1 4 Fe,Os@PPy E &4 BHE & it £2
NEE. HE AL, @Bk IGES S T FeyOs
INHIEAUK R ¥ FerO5 4K BT H IR 145
Wb, FIHRZ S R AR P, F N
LTI AL I BAARLE YK R R SR S
N, SRbFEIR, IR ERAR S 2 T R 1 T
ZER R, IR 1T Fe,0;@PPy H A UK . /S A TE Fey0s
YK BB B8R T 2 M PEAL AL, A T X2
WAL AL B, B0 2 B I AR, I RERE
TE AT LiPSs AT =4k, KRBT
MR . SRS T 180, A B T Ak i
BT/ TR R, B AR R R B )
AT BN R GE IR FE T AN [ TR L A 1 6 A 4K
/R BARA R ERE R . S5 R, F AR
Al Fe, O3 BE/R LR 12:1 B, T3 S@Fe,03@PPy-3
SEMRNE R H O B EERE, £ 1 C IR
B/ 468.7 mA-h-g ', FEAE 1 C 500 KAEIRJE 1R
FF 4145 mA-h-g ' ER, BERMEFFEN 86.2%,
TRFE T R A R e

e

&
-0 @
@ &

Fe,0, Fe,0;@PPy
nanosheets nanosheets
with Fe*

K1 Fe,0;@PPy &M EHA& LR EE

Fig. 1 Schematic diagram of synthesis process of Fe,O;@PPy composite materials



.+ 1666 - CREFR Eh22 4D

J Chin Ceram Soc, 2024, 52(5): 1664-1675

2024 4

1 S
1.1 ER

TR CTREN: rbral, B 28 RE 270 PR
AF; ZFEMEROSK): artral, sl R A T
WA X HOREERR: rprall, TN T RS
WAARAR; k. bra, EZER )
BIRAH] .

1.2 S@Fe,0;@PPy 8 AWM 8H &

WHESCHER[43], R — B KPGEE LT Fe05
YUK o BUN FERRE IR AT Fe O, BEZRELZ 10N 4:1.
8:1.12:1 Je 16:1, ¥ AR BT & 1] Fe,053 492K F17(0.201
0.104. 0.070. 0.050 g)MA 24 mL X} H 2R RIS
(0.217 8 mol/L)H, i FHiHE 20 min. FlFIIA
20 pL mEng ek, FOEIRBEEE 24 he BORAY,
HHEE TR OB S X, BRI LER T EE
B, BT 60 CuATIEM, 24 h HtT, HHELSIR]
13 Fe0;@PPy HAEMEL. IRYE Fe,O5 92K 1N
NER SIS E SR BIFRIEME Fe,05@PPy-1+
Fe,05@PPy-2. Fe,O;@PPy-3. Fe,0;@PPy-4. A%
TR BRI () JEL 4R Fe,O3 99K Fric A FeyOs0
1.3 #RIRAE

Y R SR T BB (FESEM) A T RAE &4
RE T RBUIES, FHMRSEN SN
JSM-6700F &, g H EN 10~20 kV. RHMAE
3 HTi(TG, TGA 2 SE/1100/250 B)LL 5 °C/min T+
AR, 75 500 CHZESAA R T Fe,05@PPy
HEMER RSB 4. R X HEmTaE
T (XPS) 7T I Fe;03@PPy 1 LiSe/Fe,03@PPy ]
KIMELHMWSRE, AR SR SN Escalab
250X, ML AL SR K, B4R . Z0AMGiE bR
F KBr Jikid A, 75 4000~400 cm ™ & [l A i ] 4
HLAB IR V-200 BLLT AR Fe,O3@PPy A 44
BHEATHH
1.4 BN

KRR AR TH e 42 R LG 1:3 B
BRRES], R E XN, 155 CHULEE 12 h,
PN EI R R, TSRS S@Fe,0;@PPy &
AARE. B HE 70%(F R L, R RIS
RN E L S@Fe,0; A1 S@Fe,0;@PPy #1#}).20%
SHR B 10% %W 5K )5 (PVDF) 1R A KR
AT BN AR AR R E B . VYRR i &
AL N 1.2~1.8 mg-em *. FRAHELIN 75%.
TEFE Ar T B/ K S@Fe,03@PPy BH #5548 24 3

PR I . 8 Y FRLRZ 1.0 mol/L A-(= 5
F5t VR o IV e A (LATFSI) A 0.1 mol/L LiNO;, 4AFAEL
911 ) 1,3-FURIMDOLYH 1,2-— HAE K 2 k%
(DME). SA4Fn#Ethiisng) 30 uL H@i. £ H
W R AR 1.7 V A 2.8 V Z [T 78
/T . I DH7000 HEAL 22 T ARSI S g AR 22 1]
(CV).

1.5 ZECAIIRFIARZ K& XPS # &

40 pL LipSe VR T2 mL £ B — FIfk/ %A
IRIME A VEF(DME/DOL, viv =1:1)"4", 7E78iH Ar
(I FERHRIZUHE, K43 LinSe W - 73714 40 mg
] Fe;03+ Fe,O3@PPy-1 Fll Fe,O;@PPy-3 2212 A
BIHELF ) 3 4y LioSe W, 3R1F 3 Bl LioSe i -
NTKEEREE, 515, SRR, B
FREUIE 2 hs 28 2 20, WIROE— S, A%
BB, HASTESh GHREHT XPS 24
k. BTSRRI Ar FITFE5 5.

2 HR5t#
2.1 SEM ##h

Y SN 2 A MR RO SR gk .
2 NEEMEHN SEM BF . FeO5 YK A RN AL
o, R R NG A, HE 2 AT, Fe,03 40K F
ENEAR, B4 K F 56 22 9(320+50) nm,
YK R IR 2 PPy GKMURL. 2450 F R R 1)
FHEAXT B, Fe,O3 K AR EE AR T8, D&
3D B T 2 e, 722 ) Fe M AR % B A
B4E, S8 PPy KR A KAE Fe,05 992K Fr 1M -
I %o R A T 1 FH A G 3 K, Feo O3 7N U TR TS5
MR, RIMEMRE PPy BTG T4
JEFAE AN SL M RAR b g &b, TRl
THI[1012] &b 1 () J5 AR5 V5 K, S 2R %0k & PPy
A K GNK T I GTTRR .

2.2 FTIR 5 TGA ##f

&l 3a AN B LE Fe,O5 AR FR SR R i 45 75
Fff] 4 Bl Fe,0;@PPy MIZLAMGIE. HIE 3a W]
Fe,0; il PPy & ANEREH], BT Fe,O;@PPy Ff i
(IFEHEAE 530 cm ™ Fl1 445 cm ! b5 557w Fe—O 1
FFEIE, ESET Fe,O3 IFFAEM. HvFENS, 1T
1552 ecm™' A1 1473 em' Kb )& Tt g 25 L
C=C B EIRBNIEFT C—N 4 1 R R shig ],
1309. 915 cm ™' A1 802 cm™ 23 HI%H T C—H 41
T A FRENTO. C—N T A AR TR S R g 2R
| Cc—H g S RSN, IESE T PPy AR,



FES2EE S

EETA S R BRYIAK i A b 1 R .+ 1667 -

BEAh, fE 1043 e ' AL WL E—SOsH FIMRICHE, £
1205 o' RISy S==0 X FR i 4 R 510,
IGUE T p-TSA 1E PPy L[ lIhiB 4. LAtk 4h
FAUFB] T Fe,O;@PPy &M B il &, HixX
4 FRe il B A A, R & R AR5

(d) 16:1

B2 ARERH AR Fe,0; BE /R BN A il Fe,0;@PPy &
AR SEM A
SEM images of Fe,O;@PPy composite materials
generated by different molar ratios of p-toluenesulfonic
acid and Fe,03

Fig.2

I R AT (TGA) & R KT 120 CH

it 25 B 7K 3 A s 120~250 “C TR Bk 1F
&, WHBERREHHE: mEAE 250~500 CG
FlN, PPy 7rfi sl &4k MiiE s T 500 C
i, PPy LA AR 5E (MK 3b). Fe,O3@PPy-1+
Fe,0;@PPy-2. Fe,0;@PPy-3 1 Fe,O;@PPy-4 H ]
PPy & &N 6.7% 9.7% 16.6%F1 17.7%, I
HUAAE PPy B R 4 FeyO5 1 NS 2 LT Ll A%
e AR, AR RA O E AR #ok
H ERFE S, 730K RN S@Fe05+ S@FeyO5
@PPy-1. S@Fe,0;@PPy-2. S@Fe,0;@PPy-3 A
S@Fe,0;@PPy-4, H HiX 2L ¥) IR & 200N
75%.

Transmittance/%

i

Ry

2
®

=)

-]

«

&

. L . L2 530 445
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!
(a) FTIR spectra
100.0
95.0
X
E ..............
-2 90.0
E ................
§ 8501 Fe,0,@PPy-1 L6.6%
— Fe,0,@PPy-2 ----- 22270 LN
80.0 - | — Fe,0,@PPy-3 7 17.7% V]
— Fe,0,@PPy-4
75.0

100 200 300 400 500 600
Temperature/'C

(b) Thermogravimetric analysis curves in air

B3 4 Fl Fe,O;@PPy FTIR Gl AIAE 23S A (130 4347 i 2%
Fig. 3 FTIR spectra and thermogravimetric analysis curves in
air of four types of Fe,O;@PPy

2.3 XPS &3#f

4 4 Fe,0;@PPy-3 E & YK I#L AL XPS
Jei, UL Fe,O;@PPy-3 MUK, HT#FFECR ML
S A AR AS o I 4a AT L Fe 2p- O 183 N s,
C Is A1 S 2p &5 5, RYIFESH & A NI 5 FhoT
. MK 4b AT WL, Fe 2py, M Fe 2ps, UETE 724.3 eV
F1710.1 eV L& R 0-Fe,05 TIE7E Fe* A%
fiTUe, f1F 718.6 eV &b Fe 2py, M T RIS 5%



.+ 1668 - CREFR Eh22 4D

J Chin Ceram Soc, 2024, 52(5): 1664-1675

2024 4

] a-Fe,05 1 Fe " (7EE®) . Kl 4c AT WL, 7E45S
Bt 530.4 eV 1 532.7 eV ALIRIME S5 BN B F OF
AT O—H Wi, Hh AT 532.7 eV [IEEW] T Fe,03
(f] Fe—O 48 mEa, miK 4d T, LA
fE 284.7. 288.7 eV H1290.4 eV 4bHF 3 MNMULAIE,

Fe2p O ls

Cls

Intenisty

600 400 200 0

Intenisty

43935 BT PPy K4rF4E ) C—C.C—N Fl r—a*
B, ] de TESE T M N(—=N—, 397.6 V).
L% N(—NH—, 399.6 eV)Al7f IF HL ) N(—HN"—,
401.3 eV)HITE7ERY, FTIR. TGA Fl XPS ({145 B %
B Fe,0;@PPy E A 91K 7 (R il 4%

A
f! | Satellite Fe**f

A rAMA /W 7186
'4wg'r ‘.

740 735 730 725 720 715 710 705 700

800
Binding energy/eV Binding energy/eV
(a) Full spectrum (b) Fe 2P
- Ols c—C Cls
o ls 284.7
Fe—O 530.4
=2 2 2
wn |2 12}
= g E=
] 2 2
E E = |
540 535 530 525 295 290 285 280 405 400 395 390
Binding energy/eV Binding energy/eV Binding energy/eV
()0 1s dCls ()N 1s

Kl 4 Fe,0,@PPy &K XPS Htik
Fig. 4 XPS spectra of Fe,O;@PPy composite materials

2.4 EBLEFEMEES

NEFFE S@Fe,0;@PPy A BA AT R Ha Ak 2
PERE, 8 DA 4R A BB I 2 40 FE it (CR2016)
1T T VRS A s 2, Frp B i & &
12~ 18 mgem’. NI ERMEK PPy Xt
S@Fe,0;@PPy & A M L AL 2 14 RE ¥ 52,
13/l S@Fe,05 1 4 # S@Fe,0;@PPy 1E A A KL
Y25 H M HEAT F AL 2R B S I R O B AR 2
(CV) VR L A MR, AR R N 0.1 mV-s™
I, £ 1.5~3.0 V JuE N3RS T S@Fe,0; I
S@Fe;0s@ PPy-3 I1E MR 2 #th & (W # Sa Al
Kl 5b), 2 FREAMRES 1 S AGEIA 5 S E-H K (CV)
M2k e . 7 S@Fe,0;@PPy-3 PRI B L FE
7E2.30 V F12.01 V BT EE3] 2 20 85 S g UEfE, AR
oy B RYBR BT 1) AL 22 IR SN ER AT AR AR o
6] 2 WAL A (LioS,, 4<n<<8)[E i1k, J&# H
LiySy #4530 5 A B 251 LipS A1 LipS,PH. #EAH
PRI R, JEIMR e thZRAE 2.48 V BTt E1

— AR EAE, X 5EZA LibS/LiS, F i
Li,Sp I 55T 1) S ) B A A K

12 FIBAMR A, S@Fe 05 BAARAESS 1 WK1
P tHEL 2 AN FHIE RRFIE A, T BT Feo 05 A
PPy HITEAE, S@Fe,05@PPy-3 M4 4L A Ak 16 %
BRI BRI AL, FFEIF A, XEWRE T
TERE R KRPRAG, 23 7 AT LiPSs B 1) )
Mo Hik, HET S@Fe,0; 1k, S@Fe,0;@PPy-3
BRI ) SR A I 5 00 i D i R 1O, HLIE AR 7, 3R
B LR AR R OB R KN IX R ATV P LiPSs
[e1) B 28 AN = ) R B A A A 3, RKOR B AIK T LiPSs
FIBEN BT AT BeERY . ke, b
A PPy 1] Fe,05 99K 7 Bh T4l 3% LiPSs, H H¥E A
A R B H v b 2 A ) A R T
{ I (K R e S R O N R R | I =
S@Fe,0;@PPy-3 B % & 7%t B AK 1y U | 4 22
(AE,=464 mV), HHILZ T, S@Fe,05 Itk AE, 1H
9592 mV, R PPy G| AR T E IR M



ES2EE S

ZEETARE S5 RIS A SRR P G SRR LT RE .

1669

211, KRR PPy 7E S@Fe,03@PPy
PR A Fe,O5 9K J BRI AR A 1 Bkl B ik
it HLT S@Fe,0; BItk, S@Fe,0;@PPy-3
BH A P B 0 A8 B AR 22 il 46 R 5 488 (1 17 24 B P %
m, XRIZE SRR A RS e .

Kl 5¢ N S@Fe 05 1 4 il S@Fe,0;@PPy Bk
(AL 22 BHATL(BIS) M 2k o pl 28 b f) v i 151 5 F
J FELAAR ST TH 114 P AT 5 % FLBFL(R o) FIIELAH HL 25 (CPE)

592 mV

3.0 1st
2nd

Current/(A-g™")

1.6 1.8 20 22 24 26 28 3.0
Voltage (vs Li/Li*yV
(a) CV curves of the first three turns
of the S@Fe,0; electrode

100 -
@ Fe,0, R Ra w
9 Fe,0;@PPy-1 CPE
80 [ | @ Fe,0,@PPy-2 °
9 Fe,0,@PPy-3 N °
@ Fe,0,@PPy-4 o _©
o 60F . )
RS Qo
N

150
Z'1Q
(c) Energy Kuyt plots of S@Fe,Os and four types
of S@Fe,O3@PPy electrode
2.8+ Fe,0;
2.6
> 24k
=
‘g 2.2
°
~ 2.0
1.8
1.6 | 20C  1.0C05C 02C 0.1C
0 200 400 600 800

Specific capacity/(mA-h-g™)
(e) Constant current charge discharge curve of S@Fe,O; electrode
with an increase in current density from 0.1 C to 2.0 C

R. is electronic impedance. R, is charge-transfer resistance. CPE is capacitance.

A%, ARSNGBl A I RHE R R 2 5 S5 B
5142 Warburg BHHT. 4 i S@Fe,0s@PPy B 1
WAk % B BT 3 /N T S@Fe,05 M1 AR, X 3K ¥
S@Fe,0;@PPy B b 1) L RS FI s N ) /) 24 58
. B PPy &MU, S@Fe,0;@PPy-1. -2,
3. -4 WA HAL BRI T RS, R E A AR
(S B W AR T, Hd, S@Fe,0;@PPy-3
FRRAN LA S@Fe,05 Bl —F= 1) s far 5 7 HLBH

R S
4.0 st I 464 mV
2nd :
! 3rd |
T 20F |
0
< |
=
g 0.0 }
|
Q |
20} |
4.0 | | | | | | |
1.6 1.8 20 22 24 26 28 3.0
Voltage (vs LI/Li"y/V
(b) CV curves of the first three turns of the
S@Fe,03;@PPy-3 electrode
28k Fe,0;
’ Fe,0;@PPy-1
Fe,0;@PPy-2
260 | Fe,0,@PPy-3
Fe,0,@PPy-4
Z 24
3
E 22p
°
~
2.0
[
|
1.8} "
1508 mA-h-g | 280.5 mA-h-g”!
16 1862mAhg | 3898 mAhg! .
"0 100 200 300 400 500 600 700

Specific capacity/(mA-h-g™)

(d) The first constant current charging and discharging curve at
0.2 C of S@Fe,05 and four types of S@Fe,O3;@PPy electrode
281 FCZOS@PPy-3,

260

2.4

Potential/V
(8]
(3]

20
1.8 7
1.6 + zog 10C 0s5Cc  02C o.1c
0 2(I)0 460 6(I)0 800

Specific capacity/(mA-h-g™")
(f) Constant current charge discharge curve of S@Fe,O3;@PPy-3

electrode with an increase in current density from 0.1 C to 2.0 C

K5 S@Fe,0; 1 4 Fl' S@Fe,0,@PPy [ ) Fi Ak 241 A
Fig. 5 Electrochemical performance of S@Fe,O; and four types of S@Fe,O3;@PPy cathodes



« 1670 - CREFR Eh22 4D

J Chin Ceram Soc, 2024, 52(5): 1664-1675

2024 4

K&l 5d~ &l 5f 7E 1.7~2.8 V vs. Li'/Li B8 JE & [
T LUAR[A RN & S@Fe,05 1 4 Fi S@Fe,0;@PPy
FF AR PR FE O il 28 . XS 2R Bk TR H
(IR Fe I I 28 . S@Fe,0s@PPy-1. -2, -3, -4
I AE 0.2 C MPIEH A E (LB 5d)7 7
496.7. 503.5. 576.0 mA-h-g' #1593.6 mA-h-g”',
Hitm T S@Fe,05(431.3 mA-hg'). FEIZAE-
IRz, WER 2 MBEMBETFG. BT
BHIMEL 2.3 VAL, XN T BT Sgib i NmEbh £
BALYI(LioSs ) e iZF B RN Sg+4Li +4e —
2Li)S4. 2.1 V WHIFEXT N T 5 S 74564
Li,S, 1 Li,S, B 2Li,S4+12Li+12¢”—8Li,S. HAH
BT, 55 2 WrBOic A B A E L E —
BEER 3 5. AW, 7258 2 e, hTRES
i, RBAHXT RN, SR 2 A I R AN T
B . S@Fe,0;@PPy-3 FAMAT 55 2 YOUBHL/ZE 1 IR
T & IR mTTERN 2.09, & T S@Fe,03(1.86)
A, ZRH] Fe,0:@PPy X Z b ¥ L BA7 B
(AL PR DY aX g AR S T A IR (R AE
S@Fe,0;@PPy I =A%, FRmL 7B F/HT
ARGk PPy (1R 5 BB R HUE N, IF
BITE PPy MIMFIE R, Ss B SN LixS,. HIE Se
FELSERTIL, 2 ANBARK B8R A0 B R (AE) R A 7815
HLAF 3 3G . o, S@Fe,0;@PPy-3 Bk
1£0.1 C FHIFALHIE(AE)ZI N 0.12 V, KT S@Fe,03
BRI 0.15 Vo S@Fe,0s@PPy-3 5 S@Fe,0; B AH
E B FEL 34 22 AE B T Fe,O;@PPy 7E LiPSs 344t
FREERICEALTERE, 2RI PPy KI5 ANIE5R T A fbiE
R BB T35

FERNEAFThE T mBCE R sLbr M, i —
AR T AN [F] B AR A5 2 RE (ML 6). S@Fe 05
7E£0.1. 02. 0.5 C Al 1.0 C FHWIEA L &)
51 840.7.431.3.352.8 mA-h-g ' #1299.5 mA-h-g .
5 S@Fe,0; Lk, 4 F' S@Fe,0;@PPy BAMEKILH
B s R RE, Horh S@Fe,03@PPy-3 £ 0.1.0.24
0.5 C f1 1.0 C M LEES AN 734.7. 576,
468.7mA-h-g' Ml 4052 mA-hg'. HWHHE 5¢
Bl 5f, 75 0.2 C IR T, BeEd il 2 4~
&, 5 Sa fIE 5b ) CV 4R —5. &
HLRLA R B T, DR SRR AR i BH (%) v A sty ) i
HLAL BT, U R BT S B B bR, O
SRR B A5 B IR N . BRI, FE RS T2
BELUE NIRRT S@Fe,05 45K T B
%, MTETESAR. K, H2 B rapEsE

MR 1 C MR, XEKNNMN LS, 2
Li,S/Li,S, M08 AL 5 3 45 R BUSCE A 7 HL T &
Z AR ZE(AEYY Ko Mm% N3 2 C i,
KR T BB, 51 M5 2 i/ T 51
AE A5y, fE AR BOH 2 SRR R T ST Ok
ZKATHRFETF S M Li,S/Li,S, AR S, BR
S@Fe,05 Al S@Fe,03@PPy-3 FAKTERAT 2 TR
HAL &, RIFIX 2 B & AR r k2T
FEAHIL, {H S@Fe,O5 FMKAE 1 C #12 C FiAAIH
BT Li,Sn  (4<<n<<8)F1 Li,S/Li,S, Z [Al3E 4155 2
MG, W5 S@Fe,03@PPy HEt S@Fe,05 H,
W rpAFAE AL RN G081 r A e A 5 f1 20, ik
B PPy G| NBGE T L FEST15 5, M58 1 Afbic
SRR BB 35 HeAk, AR BRI 0.1 C B,

Fe,03;@PPy-3 BAMKRERS K LL Fe 05 B B 22 (AT
WNE, BEILAEEN 5195 mA-hg!, RIHAL
S fERYERE, UESE VM B RA R I ALY
YRR A . i — B UESE T S@Fe,O3@PPy Lt
S@Fe 05 BH AR LA T i (1 bb 2% 12 AR 4 16 3% R
Ao LA H KSR T S@Fe,0s@PPy & & [H A4
R L =X =T S@Fe,05 MKE, B J5
S@Fe,O;@PPy Y1 A% 2Pk R a0 T~ A% e 14 wif 11
S@Fe,0; AW &1k PPy Hygktt, ILLECER

Fe,0; FHLEA R i), #2757 HERHE ¥ BT
&5, BOKMER TR AR B B8, &MY
BN IG R, AT S K AL FE T AR

1200 '.-ﬁmmﬂwmmloo
il T '

900 180
600

300

Specific capacity/(mA-h-g™")
€
© s(
j=]
[\8)
(@}
o
W
(@)
j=]
@)
Coulombic efficiency/%

0 10 20 30 40 50
Cycle number
K 6 S@Fe,05 1 4 Fl S@Fe,0;@PPy A I 24 g
Fig. 6 Rate performance of S @ Fe,O; and four types of S@
Fe,O3;@PPy electrodes

B 7 KA AR R, 75 1 C R
T 500 KAEH )5, S@Fe,03@PPy-1. S@Fe,03@
PPy-2 1 S@Fe,0;@PPy-4 HLI 25 2 PR3 7l
H: 56.1%. 84.0%F1 83.7%. 1l S@Fe,05 HAKkEEE]
EIF 0.107%, BERFFRNE 46.4%. X 2EHT



ES2EE S

ZEETRE S RO A A BRGNOK F o L L P e

- 1671 -

5 S@Fe,0;@PPy BEEMEHHEL, S@Fe,05 FIR A
HAAEE Z AT SR XA SR fes
FEAR A2 PPy 1) S@Fe,05 IR I IS E 18 -
IE4h, S@Fe,0;@PPy-3 2 fit 7L R EFA 1 RE, RN
fifE 1 C MEfEET 500 KIEH G, iIREF
4145mAhg! AR, RERFEN 862%. 5
S@Fe,0s@PPy-3 #Htl, S@Fe,05 1 S@Fe,0s@
PPy-1. S@Fe,0;@PPy-2. S@Fe,O3@PPy-4 F I
RIS B, KPEA R E, BER
R I PIBR

DL LiSe TENZ WAL ML B R, ]t T
Fe,0; fil Fe,O3@PPy 5 # /&M Kl 5 LiPSs fAHEAE
. BE%, ¥ LiSe T £ K W/ 5 03F
TR A VAFI(DME/DOL, VAV = 1:1), #1158 4 N H R VAW
SRJE K% B 1 Fe,Os+ Fe,O3@PPy-1.+ -3 23 B LA
VWA, 2 h R AR AR,
K 8a ME 8b Hizx. Fe,Os MINNABEMS A Rh W Fft
Li,Se, 1EHNA Fe,0;@PPy-1. -3 FITERAZ1S 5 hn i
T, RYIT RMIEAZM Fe,05 REME HE— 20 4 5%t
Li»Se FRIMR P25

¢  —
~ 800 [ 100
‘PD <.— §
P 180 &
< 600 E
g 400 S 5
Q = . —
5 ; 2
2 5
=) 9 @ Fe,0, (2 g
2 F .0.@ppy-
g 20 PO 1 &
m 9 ® Fe,0;@ppy-4
9 o Fe,0,@ppy-2
0 L L . . o
0 100 200 300 400 500

Cycle number

7 S@Fe,0; M1 4 F S@Fe,0;@PPy FAMAE 1 C FHIKIEIAERE
Fig. 7 Long cycle performance of S@Fe,0; and four types of S@Fe,0;@PPy electrodes at 1 C

(a) Sealed Li,S¢/DME solution (1), after contact with
Fe,0s (2), Fe;0;@PPy-1 (3) and Fe,03@PPy-3 (4)

-

(b) Sealed Li,S¢/DME solution (1), after standing for 2 h
with Fe;0; (2), Fe;05@PPy-1 (3) and Fe;0;@PPy-3 (4)

Fe,O,

(c) Schematic diagram of electron density transfer between

Li,Se and Fe,O5 (yellow=S, purple=Li, blue=Fe, red=0)

8 ZHALYIR BRI AEN X
Fig. 8 Polysulfide adsorption performance testing

N7 7R Fe,0;@PPy 5 LiySe 2 [AIFE1E I AH B
YEF, 5 EE 20 HT T Fe,Os@PPy W B Li,Se 1T J5 ) XPS
W, W2 JE IR AR IE A LisSe-Fe,0;@PPy,
FEXT LI S 2p3n XPS (WL E] 9a) 7R T 4 Fh & i dh

. Hrb 2 MRS LisSe HHIFMILSG S(ST )R
B2 S (S A, TMTHTMIEEAE 171~165 eV 2],

EHT A5 2 METRMEE. 167.7 eV A1 S 2ps, I
FF & TRARHR IR £ 1 245 & e, % 0E ok B IR A B R 2h



. 1672 - CREFR Eh22 4D

J Chin Ceram Soc, 2024, 52(5): 1664-1675

2024 4

S 2pyp,

Polythionate
complex

Intenisty

170 165 160
Binding energy/eV

(a) S 2ps» spectra of Li;S¢-Fe,O3@PPy

Lils

Intenisty

63 60 57 54 51
Binding energy/eV
(b) Li 1s spectra of Li,S¢-Fe,O3@PPy

Intenisty

Li,S/ Fe,O,@PPy

740 735 730 725 720 715 710 705 700
Binding energy/eV

(c) Fe 2p spectra of Fe,O3@PPy

Intenisty

Fe,0,@PPy

740 735 730 725 720 715 710 705 700
Binding energy/eV

(d) Fe 2p spectra of Li,S¢- Fe;O3@PPy

K9  Li,Se-Fe,03@PPy # Fe,0;@PPy w20 #2 XPS (B
BN SLIGHE, A OSLAOV BRI G HEE, il
P ) S 26/ e 2k AU 5 (K BN 2 7))

Fig. 9 High resolution XPS of Li,Ss-Fe,03@PPy and Fe,O;@PPy
(black dashed lines represent experimental data, red
solid lines represent overall fitting data, and
solid/dashed lines of other colors represent fitted
individual components)

([SSOs1* )1 S=0, X Li,Se Hl Fe,05 Z ][]
R B IR JFUR R 7 A (190, 169.1 eV RIS — A
S 2p3 WENJH AT FeyOs-LiaSe AR 1) 22 i 2 £h. 2%
EPT, BeA, W St AT Sp° I 3 4k
BRI T RS . A RN IHEE T LiPSs H
Sy ' Al Sp° 5 Fe,05 IAHEAE M, S8 AT MNEA R
LTI Sy A Sp” WAk B AL AR IE FLI) Fe
JEFA/EE O 247 EPY, 7 Fe 2p il B WL E], W
Bt J5 Fe 2pio A1 Fe 2ps, W7 I3l IR 45 & BER 3N 1
0.5eV 0.1 eV(ILIE 9¢c FE 9d), RIHE 8+ 01
FL T8 P 348 i B 3000wy g R T 5 % 5 T R R AT
HAER, IXAAHEAE SRR T A AL Fe JR 71K
RSB A ZRE T, AR T St '—Fe
AN Sp'—Fe (LI 8¢)o I ) » LizSe-Fe,03@PPy
HEMEHIRE PR Li 1s XPS Jeili(ILIK 9b)Hi B
3 AME, 55.6 eV ARIFIEN Li—S 8, 57.0 eV AbfIE
N Li—O 8, 54.2 eV M NZ Y PPy &
Z IR Li—N AR AR P 332 15 f T IR
N FE ] (—NH—) o] DU b - A B S
LiPSs [IHLIEE T Li' ™. Rk, LAk XPS 4
FAUESE T Al VAE M2 AL T LLE R Fe,0s@PPy #
5 Z R AA) 2 [ R A 2 AR LA F L Ao AN
AR S M ZERRR 2, A SOt T 25
TR o

S@Fe,0;@PPy-3 TREFIL 15 2 Ak RE = 5 &
PRFER M JEE AT LUEG N (1)Fe0s 49K F 5 LiPSs
T RGRAL S B (R 2 AL FE AL, ROV %0t
RfR T Z BRI RN, A R T4
UL R R e MR A AR R R (i) g
X Fe,O5 9K Fr S HIMEREMIRTE, $em 7 HRMH
BT, BTES, BGE T LY EEh . e
ARY, S@Fe,0;@PPy MIMTE M HIRMEE T EA
5 (1 e 1 RE AN B e 1, I R A AL FEL
IS I — R R 51 B AR A L o

3 £

B RZIME S A AR T2, 7F Fe,03 44
KA B JEA A K TR K Th il % T Fe,O;@PPy &
AL R I E R b I R R R . BT TS
F1f] Fe;0;@PPy K E A YH Fe,05 4K Fr 12411
V22 4l 8 AV AT PE AT 55 SR s 1Y) vy 5 R P A vy
bR AL & bk, T Fe,O5 #1 PPy [ [
Ve, FEH) Fe—S B (Lewis FRBSAH HAE ). Li—O
(BB A AR D) Ao BR ) 58 o 4 ) 1



ES2EE S 2RI S

SR AU A BRENK P o5 PR FL P e .

1673

LiPSs 4 8k, H PPy JZ etk m 7 HR & v/
B AR S, T 38 JE K T B T () D A 5

S@Fe,0;@PPy-3 BRI H B bF 5 2 Mg, 1E
0.1. 02. 0.5 C A1 1.0 C NI ELEED 5N
734.7. 576.0. 468.7 mA-h-g"' 14052 mA-h-g'. 24
HIR IR A 0.1 C i, Fe,0;@PPy-3 BAMRAEHEIKE
WL sE, BB AR N 5195 mA-hg !, %
PR S 15 R BE - S@Fe,0s@PPy-3 $24E T L7
FEIAPERE, BIELE 1 C IR T 500 TG )5,
TifR+F 4145 mAhg' MERE, REMEHERN
86.2%. IESE T Fe,O3 Al PPy X 4B Byt B Ak 2 1 R
5 R B R B A 5 o KRS Fe,O5 9K 3R T
TRME S ARG & B, B SR 2 =,

Fe,05 9K F 5 s P19 31 1B 35 2G5 o (H 24 SR il =
I, SRS PR IR 55 T Fe,O3 PIK &
T, M-S RS AL S, iE R Rt RE T R
o Mz, MRETFHERZIAR, Fe,0:@PPy ft
et 2 BRI I R AR L RN, $RE v
i VB R R R 2 . 1% TAEN Fe,Os #1 PPy KL
FERRA HL b o ) £ FD S F B AL T I S,
SR T RHRE AR LiPSs 2 18] 1AL 24 AH A A
PRfE

SE R

[1] DENG R Y, WANG M, YU H Y, et al. Recent advances and
applications toward emerging lithium—sulfur batteries: Working

principles and opportunities[J]. Energy Environ Mater, 2022, 5(3):

777-799.

[2] ZHOU L, DANILOV D L, QIAO F, et al. Sulfur reduction reaction in

lithium—sulfur batteries: Mechanisms, catalysts, and characterization[J].

Adv Energy Mater, 2022, 12(44): 1-51.

[3] LI'Y, ZHANG J W, CHEN Q G, et al. Emerging of heterostructure
materials in energy storage: A review[J]. Adv Mater, 2021, 33(27):
€2100855.

[4] JANA M, XU R, CHENG X B, et al. Rational design of
two-dimensional nanomaterials for lithium—sulfur batteries[J]. Energy
Environ Sci, 2020, 13(4): 1049-1075.

[5] ZHOU L, DANILOV D L, EICHEL R A, et al. Host materials
anchoring polysulfides in Li—S batteries reviewed[J]. Adv Energy
Mater, 2021, 11(15): 1-49.

[6] ZHAO M, LI B Q, ZHANG X Q, et al. A perspective toward practical
lithium—sulfur batteries[J]. ACS Cent Sci, 2020, 6(7): 1095-1104.

[7] XIANG HY, DENG N P, ZHAO H J, et al. A review on electronically
conducting polymers for lithium-sulfur battery and lithium-selenium
battery: Progress and prospects[J]. J Energy Chem, 2021, 58: 523-556.

[8] FRFIMS, Bmek, T, 55 HHA M BT RL S BRI 5e ik
JE[I]. fBRERIE S5 HIR, 2017, 6(2): 169-189.

CHEN Yugqing, YANG Xiaofei, YU Ying, et al. Energy Storage Sci
Technol, 2017, 6(2): 169-189.
[9] SUNHT, ZHU J, BAUMANN D, et al. Hierarchical 3D electrodes for

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

electrochemical energy storage[J]. Nat Rev Mater, 2018, 4(1): 45-60.
SULTANOV F, MENTBAYEVA A, KALYBEKKYZY S, et al.
Advances of graphene-based aerogels and their modifications in
lithium-sulfur batteries[J]. Carbon, 2023, 201: 679-702.

ZHENG J H, GUO G N, LI H W, et al. Elaborately designed
micro—mesoporous graphitic carbon spheres as efficient polysulfide
reservoir for lithium—sulfur batteries[J]. ACS Energy Lett, 2017, 2(5):
1105-1114.

CAO Z X, JIAJY, CHEN S N, et al. Integrating polar and conductive
Fe,0;-Fe;C interface with rapid polysulfide diffusion and conversion
for high-performance lithium—sulfur batteries[J]. ACS Appl Mater
Interfaces, 2019, 11(43): 39772-39781.

CHENG M H, YAN R, YANG Z, et al. Polysulfide catalytic materials
for fast-kinetic metal-sulfur batteries: Principles and active centers[J].
Adv Sci, 2022, 9(2): €2102217.

LIU G X, FENG K, CUI H T, et al. MOF derived in situ
carbon-encapsulated Fe;04@C to mediate polysulfides redox for
ultrastable Lithium-sulfur batteries[J]. Chem Eng J, 2020, 381:
122652.

SUN W W, LI Y J, LIU S K, et al. Mechanism investigation of iron
selenide as polysulfide mediator for long-life lithium-sulfur batteries[J].
Chem Eng J, 2021, 416: 129166.

YANG Z Z, WANG H Y, LU L, et al. Hierarchical TiO, spheres as
highly efficient polysulfide host for lithium-sulfur batteries[J]. Sci Rep,
2016, 6: 22990.

LIN H B, YANG L Q, JIANG X, et al. Electrocatalysis of polysulfide
conversion by sulfur-deficient MoS, nanoflakes for lithium—sulfur
batteries[J]. Energy Environ Sci, 2017, 10(6): 1476—1486.

SONG Y Z, ZHAO W, KONG L, et al. Synchronous immobilization
and conversion of polysulfides on a VO,~VN binary host targeting
high sulfur load Li-S batteries[J]. Energy Environ Sci, 2018, 11(9):
2620-2630.

ZHANG X L, NI Z W, BAI X X, et al. Hierarchical porous N-doped
carbon encapsulated fluorine-free MXene with tunable coordination
chemistry by one-pot etching strategy for lithium—sulfur batteries[J].
Adv Energy Mater, 2023, 13(29): 1-10.

E&, B, BT, & WAL A BB S5 Rt R
FEIELT]. REER R 24R, 2022, 50(1): 134-147.

WANG Lei, CUI Xiang, DONG Hanghang, et al. J Chin Ceram Soc,
2022, 50(1): 134-147.

ZHANG Y G, LIU J B, WANG J Y, et al. Frontispiece: Engineering
oversaturated Fe-Ns
lithium-sulfur batteries[J]. Angew Chem Int Ed, 2021, 60(51):
26622-26629.

PANG Q, KUNDU D P, CUISINIER M, et al. Surface-enhanced redox
chemistry of polysulphides on a metallic and polar host for
lithium-sulphur batteries[J]. Nat Commun, 2014, 5: 4759.

WANG M, TAN S Y, KAN S T, et al. In-situ assembly of TiO, with

high exposure of (001) facets on three-dimensional porous graphene

multifunctional catalytic sites for durable

aerogel for lithium-sulfur battery[J]. J Energy Chem, 2020, 49:
316-322.

WANG P Y, ZENG R, YOU L, et al. Graphene-like matrix composites
with Fe,O; and Co30; as cathode materials for lithium—sulfur
batteries[J]. ACS Appl Nano Mater, 2020, 3(2): 1382-1390.

ZHANG Y Q, MA C, HE W T, et al. MXene and MXene-based
materials for lithium-sulfur batteries[J]. Prog Nat Sci Mater Int, 2021,
31(4): 501-513.



« 1674 - CRER 3h 4R ) J Chin Ceram Soc, 2024, 52(5): 1664—1675 2024 4E

[26] ZHAO Z X, YI Z L, LI H J, et al. Synergetic effect of spatially [44] GOPAL R A, SONG M, YANG D, et al. Synthesis of hierarchically
separated dual co-catalyst for accelerating multiple conversion reaction structured ¥-Fe,O3-PPy nanocomposite as effective adsorbent for
in advanced lithium sulfur batteries[J]. Nano Energy, 2021, 81: 105621. cationic dye removal from wastewater[J]. Environ Pollut, 2020, 267:

[27] KAY A, CESAR I, GRATZEL M. New benchmark for water 115498.
photooxidation by nanostructured a-Fe,O; films[J]. J] Am Chem Soc, [45] STEISKAL J, TRCHOVA M. Surfactants and amino acids in the
2006, 128(49): 15714-15721. control of nanotubular morphology of polypyrrole and their effect on

[28] ZHENG Z, CHEN Y Z, SHEN Z X, et al. Ultra-sharp a-Fe,Os the conductivity[J]. Colloid Polym Sci, 2020, 298(3): 319-325.
nanoflakes: Growth mechanism and field-emission[J]. Appl Phys A, [46] DEIVANAYAKI S, PONNUSWAMY V, MARIAPPAN R, et al.
2007, 89(1): 115-119. Synthesis and characterization of polypyrrole/TiO, composites by

[29] CHEN J, XU L, LI W, et al. a-Fe,O3 nanotubes in gas sensor and chemical oxidative method[J]. Optik, 2013, 124(12): 1089-1091.
lithium-ion battery applications[J]. Adv Mater, 2005, 17(5): 582-586. [47] RAMESAN M T. Preparation and properties of

[30] REDDY M , YU T, SOW C , et al. a-Fe,Os3 nanoflakes as an anode Fe;04/polypyrrole/poly(pyrrole-co-acrylamide) nanocomposites[J]. Int
material for Li-ion batteries[J]. Adv Funct Mater, 2007, 17(15): 2792-2799. J Polym Mate Polym Biomateri, 2013, 62(5): 277-283.

[31] ZHENG Y H, CHENG Y, WANG Y S, et al. Quasicubic a-Fe,Os [48] LI H, HAN Z H, LIU F S, et al. Esterification catalyzed by an efficient
nanoparticles with excellent catalytic performance[J]. J Phys Chem B, solid acid synthesized from PTSA and UiO-66(Zr) for biodiesel
2006, 110(7): 3093-3097. production[J]. Faraday Discuss, 2021, 231(0): 342-355.

[32] LIU H D, CHEN Z L, ZHOU L, et al. Interfacial charge field in [49] WAN C C, LI J. Synthesis and electromagnetic interference shielding
hierarchical yolk—shell nanocapsule enables efficient immobilization of cellulose-derived carbon aerogels functionalized with a-Fe,O; and
and catalysis of polysulfides conversion[J]. Adv Energy Mater, 2019, polypyrrole[J]. Carbohydr Polym, 2017, 161: 158-165.

9(37): 1-12. [50] WANG C, YANG M, LIU L H, et al. One-step synthesis of

[33] LU Y, QIN J L, SHEN T, et al. Hypercrosslinked polymerization polypyrrole/Fe,O3 nanocomposite and the enhanced response of NO,
enabled N-doped carbon confined Fe,O; facilitating Li polysulfides at low temperature[J]. J Colloid Interface Sci, 2020, 560: 312-320.
interface conversion for Li—S batteries[J]. Adv Energy Mater, 2021, [51] HU Y, CHEN W, LEI T Y, et al. Strategies toward high-loading
11(42): 1-10. lithium—sulfur battery[J]. Adv Energy Mater, 2020, 10(17): 1-19.

[34] ZHENG C, NIU S Z, LV W, et al. Propelling polysulfides [52] CHEN Y, WANG T Y, TIAN H J, et al. Advances in lithium-sulfur
transformation for high-rate and long-life lithium-sulfur batteries[J]. batteries: From academic research to commercial viability[J]. Adv
Nano Energy, 2017, 33: 306-312. Mater, 2021, 33(29): €2003666.

[35] YAO Y J, ZHANG H M, WANG X H. Polyaniline: An effective [53] BeESK, BRE, BPHe, 5. Bids 44 V,05/CHR -Gk 1 il & K Hofig
suppressor against diffusion and dissolution of polysulfides in Li-S HRANVERE[I]. FERR Eh2%1R, 2022, 50(1): 9-15.
battery[J]. J Solid State Electrochem, 2019, 23(8): 2559-2567. RAO Zhixin, CHEN Zhi, LIANG Danni, et al. ] Chin Ceram Soc, 2022,

[36] LI F, KAISER M R, MA J M, et al. Free-standing sulfur-polypyrrole 50(1): 9-15.
cathode in conjunction with polypyrrole-coated separator for flexible [54] GUEON D, HWANG J T, YANG S B, et al. Spherical macroporous
Li-S batteries[J]. Energy Storage Mater, 2018, 13: 312-322. carbon nanotube particles with ultrahigh sulfur loading for

[37] ANILKUMAR K M, JINISHA B, MANOJ M, et al. Layered lithium—sulfur battery cathodes[J]. ACS Nano, 2018, 12(1): 226-233.
sulfur/PEDOT: PSS nano composite electrodes for lithium sulfur cell [55] CHUNG S H, LUO L, MANTHIRAM A. TiS,—polysulfide hybrid
applications[J]. Appl Surf Sci, 2018, 442: 556-564. cathode with high sulfur loading and low electrolyte consumption for

[38] ZENG S B, LI X, GUO F, et al. A multilayered flexible electrode with lithium—sulfur batteries[J]. ACS Energy Lett, 2018, 3(3): 568-573.
high sulfur loading for high-performance lithium-sulfur batteries[J]. [56] CHEN G L, ZHONG W T, L1Y S, et al. Rational design of TiO-TiO,
Electrochim Acta, 2019, 320: 134571. heterostructure/polypyrrole as a multifunctional sulfur host for

[39] HONG X D, LIU Y, L1 Y, et al. Application progress of polyaniline, advanced lithium—sulfur batteries[J]. ACS Appl Mater Interfaces, 2019,
polypyrrole and polythiophene in lithium-sulfur batteries[J]. Polymers, 11(5): 5055-5063.

2020, 12(2): 331. [57] ZHANG C, LIN Y, LIU J. Sulfur double locked by a macro-structural

[40] ZHANG Q, HUANG Q H, HAO S M, et al. Polymers in lithium-sulfur cathode and a solid polymer electrolyte for lithium—sulfur batteries[J].
batteries[J]. Adv Sci, 2022, 9(2): €2103798. J Mater Chem A, 2015, 3(20): 10760-10766.

[41] LIS S, LI H, ZHU G R, et al. Improved electrochemical performance [58] LIANG X, HART C, PANG Q, et al. A highly efficient polysulfide
of Li-S battery with carbon and polymer-modified cathode[J]. Appl mediator for lithium-sulfur batteries[J]. Nat Commun, 2015, 6: 5682.
Surf Sci, 2019, 479: 265-272. [59] HEJ R, LUO L, CHEN Y F, et al. Yolk-shelled C@Fe; O, nanoboxes

[42] WU J, DAI Y, PAN Z J, et al. Co304 hollow microspheres on as efficient sulfur hosts for high-performance lithium-sulfur batteries[J].
polypyrrole nanotubes network enabling long-term cyclability sulfur Adv Mater, 2017, 29(34): 1702707.
cathode[J]. Appl Surf Sci, 2020, 510: 145529. [60] LIM H, JI S, MA X G, et al. Synergistic effect between monodisperse

[43]

CHEN L Q, YANG X F, CHEN 1J, et al. Continuous shape- and
spectroscopy-tuning of hematite nanocrystals[J]. Inorg Chem, 2010,
49(18): 8411-8420.

Fe;04 nanoparticles and nitrogen-doped carbon nanosheets to promote
polysulfide conversion in lithium—sulfur batteries[J]. ACS Appl Mater
Interfaces, 2022, 14(14): 16310-16319.



55 52 5 5 RPN S TR A I A BRAOK G B F R R e .« 1675 -

Polypyrrole Modified Iron Oxide Nanosheets for Improving Li—S Battery Electrochemical
Performance

LI Shunan', QIAO Mingtao', SHEN Kaifei', ZHANG Yulong', SI Weibin?, LEI Wanying', LEI Xiping'
(1. College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China;
2. State Grid Ankang Electric Power Supply Company, Ankang 725000, Shaanxi, China)

Extended Abstract

Introduction Lithium sulfur batteries have attracted recent attention as the secondary batteries with a high specific energy, a long
lifespan, and a high safety. Inhibiting the shuttle effect of polysulfides and improving reaction kinetics become challenges. The
chemical interactions between polar metal compounds and polysulfide ions (i.e., polarity polarity interactions, Lewis acid-base
interactions, and sulfur bond chain reactions) have some advantages in inhibiting the shuttle effect of polysulfide ions. In addition,
many metal compounds exhibit an electrocatalytic activity during the conversion of polysulfides, promoting the conversion rate of
polysulfide ions during charging and discharging, suppressing the uneven deposition of insoluble sulfides Li,S,/Li,S on the electrode
surface, and thus achieving a goal of improving the utilization rate of active substances, inhibiting shuttle, and reducing the loss of
active substances. The inherent conductive properties of conductive polymers are conducive to electron conduction, and their soft and
elastic properties can effectively buffer the volume expansion of active substances during charge and discharge processes. The
functional groups rich in them have a strong affinity for LiPSs and can inhibit shuttle effects. In this paper, Fe,O;@PPy composite
materials were prepared via in-situ growth of polypyrrole on Fe,O; nanosheets by acid etching.

Methods Fe,O; nanosheets were modified by a simple one-step method with polypyrrole to prepare high-performance lithium
sulfur battery composite cathode materials. Fe,O; nanosheets were placed in a solution of p-toluenesulfonic acid, and the surface was
exposed to Fe** by acid etching. Fe*" acted as an oxidant to promote the oxidation polymerization reaction of pyrrole monomers on
the surface of the nanosheets. Also, p-toluenesulfonic acid was doped into the molecular structure of polypyrrole to obtain
Fe,0;@PPy composite nanosheets. A series of Fe,O;@PPy composite nanosheets were prepared via adjusting the etching
environment and the feeding amount of Fe,0; nanosheets to control the modification amount of polypyrrole.

Results and discussion The in-situ growth method induced by acid etching was used to modify the surface of a-Fe,O3 nanosheets
with polypyrrole, in which p-toluenesulfonic acid played an etching and doping role. Fe®* ion etched on the surface of Fe,O,
nanosheets is used as an oxidant, allowing pyrrole to polymerize and grow on the surface of Fe,O; nanosheets. P-toluenesulfonic acid
is doped into the molecular structure of polypyrrole as a para anion, resulting in Fe,O3;@PPy composite nanosheets. The obtained
Fe,0;@PPy nanocomposites combine the catalytic active sites exposed by Fe,O3; nanosheets with a high conductivity and a high
specific surface area of polypyrrole. This increases the chemical adsorption of polysulfides and inhibits their shuttle, and accelerates
the conversion of soluble LiPSs to insoluble products, greatly improving the utilization rate of sulfur, helping to improve the
ion/electron transfer rate of nanosheets, and enhancing the reaction kinetics of electrode materials. Fe,O3; nanosheets form reinforced
chemical bonds with LiPSs and promote the conversion of polysulfides, which effectively alleviates the shuttle effect of polysulfides,
and improves the Coulomb efficiency, cycle stability and capacity retention of batteries. Polypyrrole enhances the conductivity of
Fe,0O; nanosheets, their surface ion and electron conductivity, and improves Li" diffusion kinetics. At a molar ratio of
p-toluenesulfonic acid to Fe,O; of 12:1, Fe,O;@PPy composite nanosheets exhibit a superior electrochemical performance. The
discharge specific capacities of the S@Fe,Os@PPy-3 cathode at 0.1, 0.2, 0.5 C and 1.0 C are 734.7, 576, 468.7 mA-h-g”' and
405.2 mA-h-g™', respectively. At a current density of 0.1C, S@Fe,0;@PPy-3 cathode can recover more reversible capacity with a
discharge specific capacity of 519.5 mA-h-g™', having a superior rate performance. S@Fe,O;@PPy-3 provides an excellent cycling
performance, maintaining a capacity of 414.5 mA-h-g™" even after 500 cycles at a high rate of 1 C with a capacity retention rate of
86.2%. This material can be used to the development of power batteries.

Conclusions The synergistic effect of Fe,O3; and PPy on the electrochemical performance improvement of lithium sulfur batteries
was effective. According to the change in the relative content of polypyrrole on the surface of Fe,O; nanosheets, the conductivity of
Fe,0O3 nanosheets improved with the increase of polypyrrole content. However, the excess polypyrrole nanoparticles covered the
surface of Fe,0; nanosheets at the excessive polypyrrole, leading to a decrease in active sites and in battery performance. In summary,
as a carrier for sublimation of sulfur, Fe,O;@PPy could promote the adsorption of polysulfides and alleviate their shuttle effect,
improving the utilization rate of sulfur in lithium sulfur batteries.
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