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Abstract: All-solid-state lithium batteries with metal sulfide pyrite (FeS,) as cathode can
achieve a high reversible specific capacity. However, the large stress/strain and poor solid-
solid contact during cycling seriously impedes the electrochemical performances of all-solid-
state lithium batteries. In this work, Co-doped FeS, nanoparticles are synthesized by the
solvothermal method, and the Li,P,S,, solid electrolytes are in-situ coated on the surface of
Co,,Fe S, nanoparticles to form Co,,Fe,,S,@Li,P.S,, nanocomposite materials. The doping
of the transition metal Co can improve the electrochemical reaction kinetics of FeS,, and the
in-situ coating of Li,P,S,, solid electrolyte can further improve the solid-solid contact and
lithium-ion transportation at the interface, which results in excellent electrochemical
performances of the all-solid-state lithium batteries. Transmission electron microscopy observation
confirms that Li,P,S,, solid electrolyte is coated on the surface of Co,,Fe,,S, nanoparticles.
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Electrochemical performance tests show that the coating of Li,P,S,, solid electrolyte can
effectively improve the specific capacity and cycling stability of FeS,-based all-solid-state
lithium batteries. The Co,,Fe,,S,@Li,P.,S,, composite cathode delivers a high discharge
capacity of 882.1 mA-h/g at 200 mA g and maintains a value of 670.9 mA-h/g after 100
cycles. This work can promote the application of metal sulfide cathode materials for all-solid-
state lithium batteries and provide experimental evidence for the development of all-solid-state

lithium batteries with a higher energy density.
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200 mA/g; (d) nyquist plots for Co,,Fe,,S,@Li,P.S,, and FeS, cathode after 1* and 100" cycles

N T ik — 0 # R FeS, f1 Co,,Fe,,S,@Li.P,S,,
R R S AR L], WK T P R AE R
100 &l 5 I EIS. W 5(d) s, B2k 5 Sehh Z %)

LA AR BRI, oK B T HUARAARLAT [ 4 L fi

JiE YR EHATT

AUER], EIXFETRHEG, FeS Xt

Ik 4 BEL 049 94.3 Qi Co, FeysS,@LIPSS,, Ik



930 & fE

Bo% 5 R

2021 #5510 %

WPHPT 91 Q. REWE AN FRFERMER, H
#& Co,,Fe,,S,@ Li,P.S,, KK 4 fH 145 Lt FeS, Z Ak«
fE 100 B f5, FeS, ) RRABH T 1 94.3 Q 3 N 3|
196 Q, Ff HAEHSX I T 3, X RT HLfaf
AP, FEORA TS Ao el
() F T B 4T . T Co,,FeysS,@Li,P,S,, % Il i kb
FeS, B[ (1) R B H AN B A B R B BT, 134 100
Jei > WRUSFHHTE N E 1 136.7 Q, F HAE X
E e IS 3 1 W S S e N R 1 T 27 Y P
7T Li,P,S,, 32 T A0 78 St 7 F b/ Fi A o it T 42
TR Bk, 8 IR AT S BT AR 1L
it B Co,,Fe,.S,@Li,P,S,, #l 5 ¥ i & & i 7§ 4

PR
3 &% %

ARSI I R AE ] T CoyFesS, 9K il
wi, JFEHRWEMAE T — 2 Li,P,S, AR,
#1141 Co,,Fe,.S,@Li,P,S, 4 KE & K. EEIR
200 mA/g IR % FE R, Co,,Fe,,S,@Li,P.S, 44k
A MR B B L 2% /8 882.1 mA-h/g, TEIR
100 /5, e L 25 B (L FF7E 670.9 mA-h/g. H:4H
R, AL LIPS, R L LTI SRS
IR REFR = FeS, IR A BE I v] 3 LL 25 B MG S Fa
PE o PR — O T A T AR T R A LTS B TR
R/ L A 0 5 TR S AR S R M R R TR E
H—JT I, ISR BB AR R AR AL B
YAk SuR P

& % Xk

[11 CHEN W, LEI T, WU C, et al. Designing safe electrolyte systems
for a high-stability lithium-sulfur battery[J]. Advanced Energy
Materials, 2018, 8(10): doi: 10.1002/aenm.201702348.

[2] JI X L, LEE K T, NAZAR L F, et al. A highly ordered
nanostructured carbon-sulphur cathode for lithium-sulphur
batteries[J]. Nature Materials, 2009, 8(6): 500-506.

[8] MANTHIRAM A, FU Y Z, CHUNG S H, et al. Rechargeable
lithium-sulfur batteries[J]. Chemical Reviews, 2014, 114(23):
11751-11787.

[4] BRUCE P G, FREUNBERGER S A, HARDWICK L J, et al. Li-O,
and Li-S batteries with high energy storage[J]. Nature Materials,
2011, 11(1): 19-29.

(5] 8, Wi, v, 45 ARG E LI R BN S HHI[J]. fEReRN
K, 2017, 6(5): 1026-1040.

GU S, JIN J, LU Y, et al. Recent progress in research on the

shuttle effect and its suppression for lithium sulfur batteries[J].
Energy Storage Science and Technology, 2017, 6(5): 1026-1040.

[6] WU J, LIU S, HAN F, et al. Lithium/sulfide all-solid-state batteries
using sulfide electrolytes[J]. Advanced Materials, 2021, 33(6):
doi: 10.1002/adma.202000751.

[71 HAYASHI A, NOI K, SAKUDA A, et al. Superionic glass-ceramic
electrolytes for room-temperature rechargeable sodium batteries[J].
Nature Communications, 2012, 3: doi: 10.1038/ncomms1843.

[8] LIN Z, LIANG C. Lithium-sulfur batteries: From liquid to solid cells
[J]. Journal of Materials Chemistry A, 2014, 3(3): 936-958.

[9] i, AFSCHE, MRS . 4 [ &S VAR i i IR BIF 78 1k R [J]. i RE R 54
K, 2017, 6(3): 557-571.

GAO J, REN W F, CHEN J. Research progress of all solid-state
batteries[J]. Energy Storage Science and
Technology, 2017, 6(3): 557-571.

[101ZHANG Q, DING Z, LIU G, et al. Molybdenum ftrisulfide based

anionic redox driven chemistry enabling high-performance all-solid-

lithium  sulfur

state lithium metal batteries[J]. Energy Storage Materials, 2019,
23: 168-180.

[11]1 ZHANG Q, WAN H, LIU G, et al. Rational design of multi-channel
continuous  electronic/ionic conductive networks for room
temperature vanadium tetrasulfide-based all-solid-state lithium-
sulfur batteries[J]. Nano Energy, 2019, 57: 771-782.

[12] SHAO-HORN Y, OSMIALOWSKI S, HORN Q C. Nano-FeS, for

Li/FeS, primary batteries[J].
Electrochemical Society, 2002, 149(11): doi: 10.1149/1.1513558.

[13] TAO Y, RUI K, WEN Z, et al. FeS, microsphere as cathode
material for rechargeable lithium batteries[J]. Solid State lonics,
2016, 290: 47-52.

[14]ZHU Y, FAN X, SUO L, et al. Electrospun FeS,@Carbon fiber
electrode as a high energy density cathode for rechargeable
lithium batteries[J]. ACS Nano, 2016, 10(1): 1529-1538.

[15]WAN H, LIU G, LI Y, et al. Transitional metal catalytic pyrite
cathode enables ultrastable four-electron-based all-solid-state
lithium batteries[J]. ACS Nano, 2019, 13(8): 9551-9560.

[16]ZHANG H, WANG L, LI Q,
encapsulated carbon nanowire arrays: Enabling the fast redox

commercial Journal of the

et al. Cobalt nanoparticle-
reaction kinetics of lithium-sulfur batteries[J]. Carbon, 2018, 140:
385-393.

[17]ZHANG Q, MWIZERWA J P, WAN H L, et al. Fe,S,@Li,P,S,,
nanocomposites as cathode materials for all-solid-state lithium
batteries with improved energy density and low cost[J]. Journal of
Materials Chemistry A, 2017, 5(45): 23919-23925.

[18] DOUGLAS A, CARTER R, OAKES L, et al. Ultrafine iron pyrite
(FeS,) nanocrystals improve sodium-sulfur and lithium-sulfur
conversion reactions for efficient batteries[J]. ACS Nano, 2015, 9
(11): 11156-11165.

[19]SHI J, LIU G, WENG W, et al. Co,S,@Li,P,S,, hexagonal
platelets as cathodes with superior interfacial contact for all-solid-
state lithium batteries[J]. ACS Applied Materials & Interfaces,
2020, 12(12): 14079-14086.



