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Cover Story

Conversion-based anodes consisting of flower-like NiCo2Se4 nanotube spheres are rationally designed and
prepared via a facile two-step hydrothermal process as efficient potassium storage hosts. The favorable
architecture with inner void channels and abundant vacancies provides excellent electrochemical reactivity
for fast transfer and storage of K+ ions through intercalation. Benefiting from the synergy arising from its
intrinsic bimetallic characteristics, the NiCo2Se4anode shows an enhanced electrical conductivity, giving rise
to a lower barrier energy and more active sites for K+ ion intercalation and conversion than the mono-
metallic Co3Se4 and Ni3Se4 counterparts. This work offers new insights into the design of micro/nano-
structured binary metal selenides as anodes for potassium-ion batteries with an exceptional K+ ion storage
capability (See the article by Wang M. et al. https://doi.org/10.26599/EMD.2023.9370001).

ooon
Cite this article:

Wang M, Li Y, Yao S, et al. Conversion mechanism of NiCo2Se4 nanotube sphere anodes for potassium-ion
batteries. Energy Mater. Devices, 2023, 1, 9370001.

https://doi.org/10.26599/EMD.2023.9370001
0oon

O0000000000D0D00O0DODOO NiCo2Se4

3/14



x5y S 8ol
J iikx.com

gopoboboboboooooobobobobbtooooooobobobbooooooonbb K+
gobbobbbugoogbobobbbodgooobbobbuoooooouboobobougg
ONiCo2Se4 DD D DUOODOODDOODOOODDO Co3Se4 NBSe4OD DD ODODDOODO
oooo0oooboboboboo/oboobooboooboboboboboboDoooog
gooooooo

1000g

nergy //aterials and Devices
Research Article https:/idoi.org/10.26599/EMD.2023.937 0001

Conversion mechanism of NiCo,Se, nanotube sphere anodes for
potassium-ion batteries

Mingyue Wang'21, Yang Li2t, Shanshan Yao2, Jiang Cui?, Lianbo Ma2, Nauman Mubarakz,
Hongming Zhang?, Shujiang Ding! *, and Jang-Kyo Kim234

! School of Chemistry, Engineering Research Center of Energy Starage Materials and Devices, Ministry of Education, “Four
Joirt Subjects One Union™ School-Enterprise Joint Research Center for Power Battery Recyeling & Circulation Utilization
Technology, Xi‘an Jiaotang University, Xi' an7 10049, China

? Department of Mechanical and Aerospace Engineering, The Hong Keng University of Science and Technology, Clear Water
Bay, Kowloon, Hong Kong, China

' School of Mechanical and Manufacturing Engineering, The University of New South Wales, Sydney NSW 2052, Australia

! Department of Mechanical Engineering, Khalifa University, P. Q. Box 127788, Abu Dhabi, United Arab Emirates

" Mingyuwe Wang and Yang Li contributed equally to this wark,

T

i

bl

=

il

Iy energyiateray
Received: July 18, 2023 / Revised: August 18, 2023 [ Accepted: August 23, 2023

guoouobbouoooobobobogoooobbbbooooobbboooooobobn
gobbobbbogoooobobbbodgoooboboobboooooouboboobobouga
guoouobbouoooobobobogoooobbbbooooobbboooooobobn
00000000000 Db0bO0bO0DO00O0O0OU00ObUObODbDONICo2se40ODODnO
0000000000000 00b000b0b00b0o0b0DbD0o0bOONICo2se40 D00
gobbobbbogoooobobbbodgoooboboobboooooouboboobobouga
guoooobn

0000000000000 00D0000000b00b000DbOU NiCo2se40 0D OO
ooo000oo0obobobobOoboboboooDoboooooLoobUobUobobobOooo
O000:010000000000O00O0DO0DO0O0O0DO0DO0O00bO0ObOO0ODbDOobDOoDO
o000 02000000000DbO0bO0obDOobOb3ooDooDobooobobobobOooo
0000000000000 00DbO0481mANg-10000000000O 003Ag-1000
000000000000 346.6mAhg-10 000 5A¢-10000000O00OODODODO
101.4 mAh g-1

I A A O O A N B
O0000o0o0obogoPTCODAOODOODDODOODOO S 0OODDODO0ODDbDO0ODDOOO
1274mAhg-10 000000000 0OO0OO0OOO0O0OO0ODOODOODODODODODObOObOO
00000000000 DbOO0ODbOoDbOoDbOoDOO

4714



Z2 5
V) iikx.com

20000040

Selenization

e NiCo-5e,; nanotubes

Intensity (a.u.)

10 20 30 40 50 60 70
26 %)

O 1NiCo2se4d 0D IDOUOODODOODOODOOM@UDO NiCo2sedl U IDOUDODOODLOO (b)Ni-Co

00000 (c-d)NiCo2Se4d 000 SEMO TEMO O O () XRD O O O (f) HRTEM O O O (g)
NiCo2Se40 0 0 0 SAED O O

5/14



25

/' likx.com

Cubial
DS <
~0UoNY o
aletl ) T T T T
& 05 18 iB E 25
Peitantial [V ws, KK
L g
P it e e e S e e
TN} o
bl P
'é - iu & MiloSe,
= 4 ®  NiCa,
E T @ CoSe,
&
o
&

Specilic capacity {mAR-g )

a m e L] ] V)
Cypche numbay
a0
= T un Wtk N S-dacmd CEhiCo, Se 00 Me-Fo-SntNTe
To,MEs, == InGsH-anped O Ma,G0
a4 Fa S, ool C -S— BnEa G0
40
B
a .,
i F
h— — bt i
00+
o T T T T T
- 50 0 154 250 G 30
Cycle number

Patential (¥ va. KiK'}

— 1"y
— ¥ oyl
Charge — 5* i

— 10" Gycle

0 e 400 o non
Capacity {makeg ')
d o
=~ T
2 o— MiCeySe,
T omoq Py,
E h.-_&.- 0.0 A Coy5a,
= ”"mu" s e
a’ A .
2o { s @
T,
L
& 1 9 7
pe -1 .
My S e
FiR e —— ' Py a . |
0 W0 1= 02 0 um
Cycie mumbsr
f oo
—d— HiC o Se, [This wark) —— Ta i Ba,
0 P S-toped Gt Se, 00 IS0
m Fe Sa Scarbon thers Fe,5/0
- - Mn-Fe-BaiChTs Fench Cu Seic
_i'_ a8l MRS S-oped FGO Mrla0,
-]
§ o0
4
& 2004
£
IR Ic:..
: o [ e R I R .
b __-—'iJ:.':-_?=r..—j,.:_.Il._FJTE',.‘,IaJil-_L'L:J’.!_A:'.f

Ciarant denaily (A-g ')

6/14



x5y S 8ol
J iikx.com

0300000000000 @NiCo2se40 00 0.01~25VO00050000 cvOOO(b)
NiCo2Se40 0 00 103050100 00 00 GCD O O O (c) NiCo2Se4d Ni3Se4 O Co3Sed
0000000000000 0(@H00

NiCo2se40 0000000000000 ODODODODOOD

=3.0
d B b
0.0006
o 4 ® Poak A
| a7 ® PeakB -
9.0008 ® PeakC - g
= .0002 - E a4 .:l” =
E 0.0000 4 E o . 2 i
g s =36 4 e 1 S
3 R - "
Q00002 g - I s -
g s . .
00,0004 o . £
L
-0.0006 e .
Pt
_U-m T T T L] T T T 4 2 T L] T L L]
o 0.5 1.0 15 20 25 in -8 06 D4 0.2 0o 02
Potential [V vs, KK} logy (scan rate (my-s'))
C 14 d 160000
_o | Deffusion # )
120 [ capaciive / — R
4 +— MiySa,
E 2 | 522 .ﬁﬂ- 5. 724 v?'ﬂ. ] ?92 .EE.I] 120000 4 ] —s— Ci,5e,
Sar 4
£ o g <z |
E | N e e k BOODO < 3 4
T wA 5 v 300 |
o i i
IE B ]
[= = .
i | Fl
3 o | 0000 -
20 - -
f 20000 W00
I:I . .-I ;_ — 1 . T I. -l_.: .I- -'I - l:l T ] ]
oz o4 06 ra 1 14 a 40000 20000 120000 160000
Scan rate (mV-s") Z71a)
e " f it
o— NiCo,Se, —a— NiCoSe,
CoySe, _ Co.Se,
it . o MisSe, EPe —+—Ni, 58,
o ; -ﬁ"'ih.
2 o, o & e
in B o " - e o
of *
E 1w & % 1o ey “.
T ot Sp iy r LT} ‘l‘_
s Rt -:-"{. g ‘\s
LY o -‘r.\.\ A,
"}-.._ ﬂ l;h__a_,.- 1D"' " "
»
10 . - : ; 1ot '—-—._._-." - _:"'=:r'|l. 'E.._?_..-_p ayppy "_.l ~rresprFiaar
oo 0.4 0E 12 1.6 20 am T wrd """]:w*' : —”1£=*-‘” J_'Ffd‘r‘j‘ "?5

Potential (V ws. KK Potential (V ws. KK

040000000000 @)NiICo2sed0 00 02~14mVs-10000000O0OOO CV
O0O0@MUOOOOOODOO log(i)vs.log (v

Y O(@DODOOO0O000000000000000(d)NiCo2Se40 Ni3Se4 0 Co3Se41 0 [ EIS
O O ;(e, f) NiCo2Se4[d Ni3Se4[] Co3Sed] K+ O OO OO

7/14



Z2 5
V) iikx.com

First discharging:

NiCo,Se,

Following cycles:

@ Co

O5NiCo28e40 00 OOODOODOO

@ «

© Se

=

ler

Ni;Se,

5 EnzrgyilatzrDay

8/14



25

V) iikx.com

Os

250 s

5005

1000 s

A

; En.-‘:rzfg;%gﬂﬁ@av

b i
Dirciing snangy ¥}

m

0.6
0.4 4

0.24

0.0

-0.2

0.4

Intercalation energy (V)

=06+

-0.8 T

& Lok
4l £
g T & T T
& -5 4 -2 0O 2 4 & a -5 -8 4 -2 0 2 4 & B W
B =B j#) B B )

i
i T | oy Sy ¢
o EES

KNE;C’D‘S’E’ HNF'H-S'EI

Endrzyllatzrbey

9/14



x5y S 8ol
J iikx.com

0 7DFT O 00 OO (a) Co3Se4d (b) NidSe4 (c) NiCo2Se4D (d) K2Se 0 DOSO ()0 0 KO O O
Co65e80 Ni6Se8 Ni2Co4Se8 0 0 00O OO0 O (f)K+ DO OO O O Co6Se81 Ni6SesH
Ni2Co4Se8 0 0 0 O O

a A pe————————————————— - = h e | [ e
= - 204
'? SHl 4 ﬂ
H 0.03 T 00
E.- Ll ,E, -]
IE ik =3¢5&_3D-05 0.1 005 A9 E' w]'w
Haa 3 5 d
g d:"“""‘: 0.2 & Iiu--H-l ada ;i-
2 k™ H | & 100
¥ T | ]
Iﬁ i 4 R osnd 5_ & Charge
& Charge 0 — [scharge
o - Dischangs
u T T T ¥ i p————— -—-ﬁ-"J-E-?: T o E e W
o 0 L an &0 [ Thegp T T_H;MF:“"‘“}J' F_"11:',3‘"
Cyche number Cycle number

0 8PTCDA//NiIC02se40 000000000 (OIDONOO()DODOD0

sogoog

rgyMaterDev

goooo
goobooooo

000000000000 DO00DO000DO00DOO00DOO0o0DbOO0o0DOoOOooDOoOooDoDOao
Oo0o0ooooobooooooooobooooboooooobooooooDDboooo A
000000000000 OO0/O00bO00oOo0ooDo0ooDoooboooooooaoal
O0o0o0ooo0obooobooobooboooobooooooboooDooobDoooDbo
0000000 000ooonnndNat. Commun.,J. Am. Chem. Soc., Angew. Chem. int. Ed.,
Energy Environ. Sci., Adv. Energy Mater., Adv. Funct. Mater., Nano Energy, Chem. Mater., Small, J. Mater.
ChemAOODOOODDOOl000000D0DOO00ODOOODDOODOOODODOODOOODODO
O0000000b000ooooee0000boooooe7r0oboooboooooon
000000000000 DO00000DOChrivateD DO0O0D0DO0OO0OD0OOOOOODODOOO
OO0OElsevierO DO OO0DOOOO

10/14



x5y S 8ol
J iikx.com

Jang-Kyo KimO [

gooooooo

O0000000D0000OuUNSWOODOOOOoODOoooDooooDoooooooooooooo
000000000000 00D0D0000O0D Finetex-

0000000000000 00000000AEMFOODOOKImOOOODDODOOOOODOO
0000000000000 o0oDboob00o0oDboooooD 420
0000000300000 ooo1ooo/oo0o0o/0D040b00o0ooooag
Composites Part A [0 [J [0 [J Editor[] [0 Aerospace Science and Technology

00000 AssociateEditorl 0 0 00 12000 0 0 0O 0O OO NanoscaleHorizons[l RSC [
EnergyStorageMaterials(] ElsevierDO O KimO OO OO OOOOOOHKIEDOOOOOOODOOOHK
AESO OO OO0DO0ORASOODOOODODOORSCODOO/OOOFRellowdD O DOOOODOOO
O00000AACMO O O 0O 2008-201000 [0 [0 00 Clarivate Analytics[] Web of Science [ [

201800 2020 0 2021 0 O 0O 0O O O O O HighlyCitedResearcherd [

goon
Energy Materials and Devices[] ISSN 3005-33150 D 0 0000 000000000000 0ODOOO
gobbobbbugooobobbobbodoogobbobbuoooouoboboobobboogg

gobobobbboooooobobbodoooobboobboooooobbobbbouoa
U

goon
gobbobbbougooobobbbbuodoooobboobodogg
goggn

googogn

goggn

goggn

11/14



753%34-@
V) iikx.com

gobd

goobd

goobd

goboogogaoo

gobbggggooog

EMDUOOUOUO

gobboobbbuoogogoobobbbuoooooboobbouooogon

goobooo

12/14



x5y S 8ol
) iikx.com

\ 1\ l'l-.

A, ‘. tn -"*
OR\ O,
”

gobbobbbougooobobbbboogoooobboobbouooeMboonobbooDo

gobbobbbuoooobobbbboooooobbobbuoooooobbobbbodoo
gobobobbbooooooboboobobboooooooboooo

goo
energymaterdev@tup.tsinghua.edu.cn
gooodg
https://www.sciopen.com/journal/3005-3315
gooodg

https://mc03.manuscriptcentral.com/emd

13/14



B2 5
V) iikx.com

goon

gooooboobbodog od

EMQ

L:nergy Materials

and Devices

o | T U )
fie 3P4 RHIE5E
Jonsi &% 5
HE 2 K0k %2 Jeé
Lead energy innovation
Promote materials research
Strengthen devices application
Drive low-carbon development

v BHES: EnergyMaterDey

. -

i

O O O Energy Materials and Devices

OO0 0000 000 https:.//www.iikx.com/news/progress/

Do0DoD0ooOo0o0ObObOoObO000000ouoOddiikx.comd O

14/14


https://www.iikx.com
http://www.tcpdf.org

