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3D nanocrystalline metal-organic framework
rets b o aterials for the improved output performance
Ly of triboelectric nanogeneratorst

Kexin Gao, $* Jdnshual Chen, t* Mengling 2Zhao,” Rentang Ho, " Shiheng Chen,"
s ¥ret-Phichan Shao* and Hongwel How (D +*

Triboetecing nanogendestorns [TENGS) based on comiact sfecirfication and elecirostatc induchion can
afeclively cofmar M- feguency mechancsl snsngy o electhesl emeigy and fbt sliFscted eontider-
able atiention Howewer, (P 0w ourment aoulpul perlarmance secously hinoers the wite appbopion of
TEMGS Hemsn, @ 3D nenccrystaline retal-ongare framssyer (Cd=MOF) with 2 gpecific druchum and
monphology wis reasonably desagred as 8 Pegh-pertcemancs inbosieciric postive slecinode muterial
Thue iriboabsctre birst resuls showed that e maximum instantarsous sfiorl-crcuil cummnd of o MT was
55 %3 wA and the dable cutpul perfonmancs msintaimsd a long -tem conbnuous operation foe 10000 &
The peak vabues of the charge dendty and elociric pawer dendily were 102 59 pC ™ and 2451 04 /W
m, retpectvily. In addition, the Cd-MT could quickly lully charge commercsal capaciors and light a
large rumber of LED lampa. This wark provadies a now sdea for the deveslopment and design af lunctional

|:'I| Ghock for updates

Received 36h Oclaber J022.
Accepted Jrd December 2022

DO 10,1039 d2d el 54T

Puibl|shod on 06 December 2022, Downloaded by THENG ZHOU UNIVERSITY ea D023 2 33:08 Akl

7o W daltoen MOF trboetecin: matersls

1. Introduction

In recent years, trboelectric nanogenertors [TENGS) lhave
recelved considerable attention because they can neduce Lhe
energy loss of sensors and wearble power supplies, promoting
the rapid developroent of self-powersd devices." ™ Compared
with the maditional external fised energy devices, TENGs with
ligheweight and easily manufacturable chamcteristics based on
congset electrification and electrostatic Induction can effec
tively convert bow-frequency mechanical energy (human move-
ment, wind, and raindrops) in the envirnment into electrical
energy.” " However, their low output power density serioshy
hinders the wide application of TENGs. In order 10 pursuse a
high output performance, researchers have explored various
meethods, including the manufocturing of surface microstrue-
wre composites and surface functonalization.'"™  Ameong
these, the charscteristics of ke charge-induced efects |surface
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propenties) of triboelectrie materials determines the output
performance of TENGS. In particular, nanodriboelecitic
materlal paricles obtalned by special methods could not only
chonge the surface properties bur also effectively increase the
contact area, which Improved the output pawer and achleved
excellent performance.” ™ In additon, the dominant poly
mers in the tiboelectric matetial sevies are difficult to functioe-
nalize and modify o meet more complex application necds.
Developing appropriate nanomaterials is the most effective
way o fundamentally improse the TENG performance.
Metiul-organic frameworks (MOFs) as organic-inarganic
hybrid materials containing metal nodes and srganic connec-
tors pepresent an ideal kind of nanopomous crystal material.
Their I!iuh rpeciﬁl: surfasce area, hixh anﬂ?l}ll aned umniform
crystallinity are sttractive charncteristics that ninke MOFs to e
widlely applied in applications including energy storge and
comversion, gas storage and mmu-n Lo
power batteries,™ ™ and mulifenetion sensors.” ' In par-
teular, abundant 3D struetured nanocrystalline materials
show gond electronke modulstion properties and outstanding
potential for electrochemical energy storage, which |s atribu-
ted to thelr continuows and regular electron fast ransmission
chonnel and pore sarface that can store o large number of
electrons. ™" Therefore, some MOFs with chemical and
thermal stability have been introduced into TENGs as oritso-
electric materials and provide excellent performances in
warious applications. ™ However, there is o lack of reason-
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Abstract

Uncontrollable #n dendrites and side reactions seriously downgrsde the cycling stability of the Zn anode, mnd restrict the
commercializtion of agueous zing ion batteries. Here, PAN-based (PAN. PAN/PMMA) nanofiber membranes with umi-
form “sincophilic-hydrophobic™ sites have been in-sil slectrospun on Zn o effectively prevent harmiful side reactions and
control Zn plting/siripping behavior. The abundant highly-negative functional groups (C=N and C=0) of PANFMMA
have strong coordination interactions with Zn”*, which can sccelerate #o* desolvation and increase the #n”* migration
mumber, Furthermore, the even distribution of gincophilic siles can help create a uniform Zn deposation environment and
enahle horizontal Zn deposition. Simultancously, the inherent “hydrophobicity™ of the nonpolar carbon skeleton in PANS
PMMA can prevent Zn corrosion and hydrogen evolution reaction (HER ) sade reactions, thus improving the cycling stabil-
ity of the Zn anode. As a result, PANPMMA @ Zn symmeiric cells demonsirated remarkable raie performance and long
cycling stability. susinining cfficient operation for over 2000 cycles at 10 mA cm™~ with a low polarization voliage below
635 mV. This Zn anode modification strategy by in-situ constructed PAN-based nanofiber membrane hos ihe advaniages of
simple-preparation, one-step membrane construction, binder-free, uniform distribution of functionalized units, which not
only provides a specific scheme for developing advanced Zn anode but also lays a certmn research foundaiion for developing
“sepanitor-anode” integrated Zn-hased baticries.

Keywords Zincophilic-hydrophobic « Electrospun nanofiber membrane - PANPMMA - Dendrite-free Zn anode - High-rte
performance

Introduction

Aguesss Zn-ion baleries (AZIBs) are among the most
important next-peneration batteries for electrochemical
energy stompe sysiems | 1], Zn his emerged as one of the

mist commercially available anode materials for AZIHs,

[= Komgyoo Chen
chemkongymel sl odo on

=1 Laiweei M
vz | B3 ooy

! Henan Key Labe of Functionad Sals Materiabs,
Comier for Advanced Malerials Ressarch, Swsigyuan
Ulniversiiy ol Tnlm-*nﬂ-. ASEHIT Pheng rhai,
Peuple's, Repubbic of China
Sehwwdl of Emergy s Envirommen), Ahongyean
Utniversity of Technedhgy, 4500007 Fhengsta,
People’s Repobiic of Clina

Pablished online: 17 August 2023

owing to its high theoretical specilic capacity, low redox
poteatial, safety and nop-toxicity. However, uncontrol-
luble £n dendrites Tormetion und unavoidable side resc-
tions (hydrogen evolution reaction (HER) [2], by-product
aggregation, #n corrosion) during the electrochemical pro-
cess significuntly downgrade the cycling stability of the Zn
amode, thas resulting in the premature failure of AZTHs, Spe-
cifically, side reactions such us #n corrosion and the HER
caised by the thermodynamic instability of the Zn metal in
squeous electrolyies lead o the low Coulonibic efficiency
of the Zn anode [3]. In addition, the presence of uneven
environmental [actors, such us chemical, physical, and
electrochemical, on pure Zn anode results in non-uniform
£n nucleation sites on the clecinde surface, namely “tip
eflect” of Zn anode [4]. Subsequently, Zn'™ continues 1o
grow along the inhomogencous nucleation sites with lower
surface cnergics, resulting in crect £n dendrites. These erect
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