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[:] Introduction Fig. 2 Schematic illustration of synthesis of the
NC@VN/MnO hybrid (a), FESEM images of the

powders of NC (b), NC@VN (¢c), NC@MnO (d) and
NC@VN/MnO (e-f), and HRTEM image (g) and EDS
images of the NC@VN/MnO powder (h-m).

‘NC@VN/MnO has a ultra-long lifetime resulting from a Mn/V relay type
collaboration.

-At the early stage, MnO provides high capacity and VN prevent the
aggregation of 0-MnO, nanosheets.

° o ° L3 ] (a) (b) 100 (C)
‘At the later stage, VN provide additional storage sites and continue to 0 — 2 FE———
maintain high capacity. 5 rc \ R Pava
‘The heterostructure and N-doped carbon improve the conductivity of H — 7 \
MHN—baSCd materials. MnO:PDF #75-1090 - — 204 g ,.,.Aj
VN:PDF #35-0768 o 0 & e -
. . 10 20 30 zet(;egr:;; 60 70 80 0 100 200 Tz::)pe::llurest;(:c 600 700 800 0.0 R(:faﬁvegjtpress(lu.ﬁe/(p(/):') 1.0
(] Reaction mechanism @ o 0
NC@VN/MnO z Mn 2p
(a) anp—i;Dis_J:dsorMZ“ I,f‘x‘ (b) VZP'?ifo 1 A —zs (C) :Av=ii:vi Mn 3s - Dis. 1% (d) s Mn 2p - Dis. 1% % é :\\?:‘; [p'\:; I g
£ 47 Intercalated Zn’ ?? AN A SN/ ) g H LA g
-~ Af J_\§ -~ -~ I : uger E z WK\ 2 2
= z i AV=47eV 2 o
& | Zn2p-Char. 1* I & K ‘<——!  Mn3s-Char. 1% &
§ Jf‘?« ) § § § e § e Bai):?iing :Eo:ergy“(io\’) " ' B Bindi;ng Energ); (eV) ” 9123indin:i:nerg;:eV) " B
= | 2p - Dis. 2" A = V 2p - Dis. 2™ /A \ = QY731 <V, Mn3s-Dis. 2" =
) 7}2\ 1 \ Zn 3py, ii@f“\j{z:l 3pin .
A AN S’ A e ~ | Fig. 3 XRD patterns (a), TG curves (b) and BET
Ig: : A ’
1050 '10'4.0 1030 1020 1010 528 .524' 520 516 512 95 9-'0. 8 80 75 670 6{50. 650 640 630 adsorption/desorption isotherms (c) of the
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
© NC@VN/MnO, NC@MnO, NC@VN and NC powders,
F,,m..ucharge o r N PP Y W and XPS spectra of survey scan of NC@VN/MnO(d),
’,; an_,Mns_’M .“ " A v I° y ¥ N ‘< 'o“ " v ""(
xﬁ I : « Mn 2p (e) and Mn 3s (f).
J ® (Irreversible P~
1 pgllase transl::mn) ‘.;‘ A
(a)
: Ful =
'\P"“i"lVN . Zn, (OH). V.0 2H O Residual Zn VN = | -
a\\‘» '4 [Mn06] ";) . [Mno“] ° :) SO 2- ° Zn 0.6 0.8 Po:.c(:“ial :\2, . ;.:/anl.)6 1.8 0 2000 4000(::0;)0"::_:)2 l0000 12000 14000
(D) Ratc performance oo &) @ 1E-7
. . . . s olAg o.zI:J.sn 23 5101520\ i os x NC@vNMnO] Discharge S
Fig. 1 Ex-situ high resolution XPS spectra of Zn 2p (a), V 2p (b), Mn 3s (¢) 2 Bfme | gv] e Y ™
and Mn 2p (d) in fully 1st discharged, 1st charged and 2nd discharged £ e ? o] g e /\ f ooy
0 . . § 250 ;, & 12 R Uil i P 1E-11
states of the NC@VN/MnO cathode, and Schematic illustration of phase g g, e VRN
- 2 ! x‘f;’"“" P 1E-12
tranSltlon meChanlsm (e). :' 0 4 6 SI ::m ! 0 2 4 6 8 10 12 14 16 1s zo ) 0 5‘1:“~ - 100 Nm““;u() 100 et
Cycle number Current density (A g) Zn* intercalation (%)
[:] Results Fig. 4 CV profiles of the NC@VN/MnO electrode at a
scan rate of 0.1 mV s-! (a), Cycling performances of the
® I PR ERR S NC@VN/MnO, NC@MnO, NC@VN and NC cathodes
.NH‘VOJ T :NH‘HCI_\CI}—OH+ Mn": C/ C ( \“ \O () NC@VN/MnO 2 A 3 i .
Croaey T smm o0 mimm GOS0 . | fthe current density of 10 A g1, respectively (b),
L cpomr ; o N ol N S v Comparison of cyclic performances of the cathodes for
NH-HO ! _\<\:/>_o ! O_O\/ : Mn/V-DA
DS i VO, + DA ] -DA nanospheres NC@VN/MnO NC

AZIBs from this work with those from the previously
published works (¢), Rate capability of the
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(d), Comparison of rate capability of the cathodes for
AZIBs from this work with those from the previously
published works (e), and GITT voltage profiles of the
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(] Conclusions

The cooperation of MnO and VN is essential for achieving long cycle lifetimes of the NC@VN/MnO cathode in two main
ways.NC@VN/MnO outputs a capacity of 108.3 mAh g-' at 10 A g-! after 12000 cycles. Hence, this hybrid material with
relay type of energy storage mechanism can continue to maintain the ultra-long lifetime of AZIBs. This work provides a new
idea to design and construct other cathode materials with excellent electrochemical performance for AZIBs.
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