The 3rd International Online-Conference on Nanomaterials
25 April - 10 May 2022|Online

_Confere lanomaterials
25 APRIL - 10 MAY 202 __.,_-___f T

The 3rd International Online-

Xi Zhang?, Xiaohong Sun®* (email:sunxh@tju.edu.cn)
a School of Materials Science and Engineering, Key Laboratory of Advanced Ceramics and
Machining Technology of Ministry of Education, Tianjin University, Tianjin 300072, China

Introduction

& The rechargeable aqueous zinc ion batteries hold great promise but
are extremely limited by the lack of suitable cathodes.

% The instability and poor conductivity of vanadide need to be solved.

% The introduction of metal ions act as “pillars” at interlayers of host
materials is an effective modification strategy.

% This work obtained vanadium oxides with different interlayer zinc
doping amount through in-situ electrochemical oxidation.

Lighting

- Pillars

Zn

Experiment and Materials
1ZVO-2(ZnesV:04nH:0) V205-nH20

In-situ electrochemical

© & & 6 o “\-_:H'i-»'\.”'\-
SEAFAY A oxidation ek
\_"C’Lil' 8 -¥.L == Zie ;L.' ¢
(;., \. \. L - P < " i
YA A 1st charge b Bl A
¥ AY MY A
¢ ¢ ¢ G ok ki‘ % ¢
- A
Immersion i
€V eZn.0-¢ H:0 L

Scheme 1. Schematic diagram of preparation of VOOH and conversion
from VOOH to ZVO and V20s5-nH20.
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Fig 1. V 2p spectra of ZVO and V20s5-nH20 (a) and EDS spectra
of ZVO (b).

Electrochemcial properties
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Fig 2. Electrochemical properties of ZVO and V20s5-nH20 (electrochemical
chain: Zn foil|3 M Zn(OTf)2|ZVO or V205-nH20) . (a) Rate performance of
ZVO and V205-nH20.(b) Cyclability of ZVO and V205-nH20 at 0.5 A g™".
(c) Cyclability of ZVO and V205-nH20 at 5 A g™.

Mechanism analysis

150 1.5
(a) (b) I Peak1 ~——0.ImVs'
V20s5:nH20 Peak 2 02mVs"
A ZVO-1 1.0 2l 04mVs"
o ZVO-2 Y A —_ i /N _fl \ 0.6 mV s
= 1004 . zvo-3 X < 0.5 ' : 0.8 mV s’
= @ \Er 1 1.0 mVs™
\3 v} . E 00 ==
N 50 e 2
T =Y -
! = -0.5
. © . \\
107 peak 4V Peak 3 ZVO-2
04— T T
(C) 0 100 150 0.0 0.2 04 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
s Z' (ohm) Voltage (V, vs.Zn"'/Zn)
100 o2 -
S on ] ' ZVO-2 capacitive o
= 67p6% 1.5%  73.8% _  754% 76.9%
s 60 58.4% S
£ 404
g. -
] 20'
O -
0 L L L L L G v 1] b L
0.1 0.2 0.4 0.6 0.8 1.0
-1
(d) Scan rate mV s™)
Zell i Discharge ' 1 — Discharge | |— Discharge i - - Discharge |-
].5-... - Charge i - —— Charge ) : _ - Charge _.-'I r — Chiscgge rf" :
N . i \
> 104 i R o ~ a7 7y
S 0.5 —~— i ~y e N
E o —
200 { I T
=] 1 1" "‘f'-a'v;'-;.-j',':_:,e oot S’ ‘\L}“_“x 22a 2 | 1 l -
=% -0.54 d—g L “ \ :'_:-;::.‘.':'-"{:".5"-'-".‘_'..‘.‘, - 22 " :-;;-;ﬁ,'\-:" 2PIBY " - ‘:"-"\ s . 10 =
1.0 a o L SYT P—— - ] | | : - - ] F-'-'""___-"."'_,‘_}’_'.::_.— ) i o
T t 12V0-2 1ZvOo-1 1 ZVO0-3 ”
0 50 100 150 200 250 0 100 200 300 400 50/ 0 100 200 300 400 50( 0 50 100 150 200 250
Capacity (mAh g”) Capacity (mAh g™) Capacity (mAh g") Capacity (mAh g"]
Znx(0OT1)y(OH)2x»nH20
(e) Zno0.36V205-nH20 ‘ ‘ ‘ ‘
— U= 6 . alacidas o e R b
VOOH Pb21nm \.“k ‘\-ﬂ ‘&L 1: c kf- ‘:::\t- < ut.?kg)’}i-\u
[ T T e A '\\-L O Zn*'/H" intercalation » - ':-‘C:‘-{, .\ Wt W
©& ¢ :’h&: < \" E ;\ A : & H20 extraction .ﬂ' -c:‘:' \»;L i k;:/ g ". g:
o _.-"kk}{ L/:/LL Transition ©- &"'fq‘_x; La—Q s aams [ e e ey & ol + L3 t}_&é,ﬁ }i—\t—
.‘:_. : (= \w$: | - " ‘t‘-\ ¢ N ; ; - ey L [ 4
Ve YR W= e LW
©€ « &Y * Zn*'/H' deintercalation .‘-‘:-‘..-'Ec‘:?‘ % R, AR
\..‘: &g _\\.‘?:—i" iLv%-T-L & H:20 insertion \:{1; ':::::&‘ . Lk;i:,f’k;.rrku
b C eS¢ B P 6 Zn3(OH)2V207-2H20
H»Zno.36+6V205-nH20
¢ €V €Zn «0O <H .'H20

Fig 3. EIS patterns of all samples (a), CV profiles of ZVO-2 at different scan
rates (b), the contribution ratio of capacitive capacities in ZVO-2.(c), GITT
profiles and diffusion coefficients of all samples (d), Schematic diagram of
the Zn?*/H* insertion mechanism on ZVO-2 cathode (e).

Conclusions

% Zinc-inserted hydrated vanadium oxides are converted from VOOH
in various phases through in-situ electrochemical oxidation.

* ZVO with appropriate zinc doping amount demonstrates best

electrochemcial properties (508.3 mAh g (0.5 A g), 80% retention
after 5000 cycles, 348.6 mAh g'at5 A g').

* The [ZnO] polyhedrons act as “interlayer pillars” to brace the entire
structure and retain open channels for active Zn?".

% The robust structure restrains the consumption of active materials
and the accumulation of undesired by-products.
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