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Featured Application: This study proposes an upper extremity rehabilitation system using efficient
action identification system for home based on color and depth sensor information, and can perform

well under complex ambient environments. /VF z- #t }%"

Abstract: This study proposes an action identification system for home upper extremity rehabilitation.
In the proposed system, we apply an RGB-depth (color-depth) sensor to capture the image sequences

of the patient’s upper extremity actions to i.de-ntif}r its movements. We apply a skin color detection (wz)
technique to assist with extremity identification and to build up the upper extremity skeleton points.
We use the dynamic time warping algorithm to determine the rehabilitation actions. The system
presented herein builds up upper extremity skeleton points rapidly. Through the upper extremity
of the human skeleton and human skin color information, the upper extremity skeleton points
are effectively established by the proposed system, and the rehabilitation actions of patients are
identified by a dynamic time warping algorithm. Thus, the proposed system can achieve a high
recognition rate of 98% for the defined rehabilitation actions for the various muscles. Moreover,

the computational speed of the proposed system can reach 125 frames per second—the processing I:I — K].

time per frame is less than 8 ms on a personal computer platform. This computational efficiency

allows efficient extensibility for future developments to deal with complex ambient environments 3 >

and for implementation in zmbedded and perﬁasive systems. The mainﬁ- contributions of the study I:I ]ﬁ -;H'L {‘k ﬂ- {K ])
are: (1) the proposed system is not only a physical exercise game, but also 2 movement training I:I % ;_{.ﬁ; #{xﬂ. 8)
program for specific muscle groups; (2) The hardware of upper extremity rehabilitation system

included a personal computer with personal computer and a depth camera. These are economic I:I % = 1"‘? #{xﬂ 6)
equipment, so that patients who need this system can set up one set at home; (3) patients can - )
perform rehabilitation actions in sitting position to prevent him/her from falling down during I:I % g '{'F #{Kﬂ_4)
training; (4) the accuracy rate of identifying rehabilitation action is as high as 98%, which is sufficient

for distinguishing between correct and wrong action when performing specific action trainings; I:I % 31.'_ ,{'}E g— 1_1_]-_
(5) The proposed upper extremity rehabilitation system is real-time, efficient to vision-based action

identification, and low-cost hardware and software, which is affordable for most families. (Kﬂ . 2)

Keywords: upper extremity identification; color and depth sensors; skeleton points; rehabilitation
actions; home rehabilitation; computer vision
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ARTICLEINFO ABSTRACT

Activated carbon (AC) has been widely used for such as el ‘hemical sensors,
energy storage applications, etc., due to its fine porous structure, volumetric capacitance, and chemical stability.
Supercritical-C0y (SC-C0;) has a fascinating advantage in material science due to its microbubble cavitation,
high diffusivity, and high permeability. In the shed of light, we d d a high porous i trifasciatn
biomass-derived AC by 5C-C0z (SC-5T-AC). For comparison purposes, the AC was also prepared in a conventional
approach (C-5T-AC). The prepared ACs were characterized through various spectroscopic and microscopic
techniques to study their surface il analysis, and phase purity. The electro-
chemical perf by two different jons: el hemical detection and energy storage
application. Based on the results, the SC-ST-AC exhibits higher porous architecture in their morphology and high
phase purity with amorphous nature than C-ST-AC. In the preliminary elecirochemical analysis, SC-ST-AC
achieved higher performance than C-ST-AC. Thus, SC-ST-AC is applied to the real-time application and it
exposed a superior limit of detection (0.005 M L") and sensitivity (0.854 pA iM ' cm ) towards MA sensing
and higher specific capacitance (342.5 F/g for 2 A/g) with 92.00 % of retention at high current density. Thereby,
we suggest the SC-C0, method is a promising approach to develop a highly porous carbon material with
exrellent electrochemical performance.

15 Pk T
(W2)

1. Introduction

In recent eras, carbon-based materials including one-dimension (1D)
carbon bes, carbon I [1.2], tv ion (2D) gra-
phene [3], three-dimension (3D) graphite, activated carbon, and its
derivatives [4,5] have been extensively investigated as successful
commercialization materials in several sectors. Among them activated
carbon (AC) is considered the most cardinal material for electrochemical
application owing to its high surface area, porous architecture, and
chemical stability [6-8). The varieties of functional group moiety
fascinated on the surface make it as a promising electrode material for

* Corresponding author. I

energy storage applications [9). Traditionally, the preparation of AC is
done by the pyrolysis of fossil raw materials such as coal and petroleum
coke or wood, followed by a physical or chemical activation process
[10]. Due to the rapid increase of the global population and economy,
the demand for energy and resources is also increasing exponentially,
resulting in a lack of fossil fuels [11). Therefore, cost-effective renew-
ahble carbon sources, the development of economic efficiency methods,
and environmental safety are all issues that must be thoroughly inves-
tigated to produce advanced activated carbon that is more environ-
mentally friendly. In this regard, biomass materials are presently
recognized as the most viable candidates for preparing carbon materials

E-mail address: hehuang@mail ntut.edu tw (H.-C. Chuang).
! Authors contributed equally.
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Novel incorporation of redox active organic molecule with activated carbon %=

as efficient active material of supercapacitors
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ARTICLE INFO ABSTRACT

Keywords: Activated carbon (AC) is intensively applied as active material of supercapacitor (SC) due to high porosity and

Activated carbon surface area. Incorporating battery-type materials in AC can enhance energy storage ability by generating redox
Comlombl: efficiemcy reactions, but poor cycling stability of battery-type materials limits practical use of SC. Similar surface properties
m;:nmmmmm can be achieved by redo active organie ds, which Sroups with extra redox
Supercapacior ability. Unlike battery type produsing redox from metals, argnic

molecule is expected 1o generste redox reactions withoue reducing eycling stability of AC. In this study, it is the
First time to fabricate 1,4 1 i acid (DBA) and AC dte (DBA-AC) as active material of SC. The
ratio of DBA and AC is optimized regarding to uniformity of DBA decoration. The optimized DEA-AC sectrode
presents a specific capacitance (Cf) of 211.4 Frg at 20 mV/s, owm; o the largest surface area and I'I.lmd.anl
fursstional groupe. A Pexible symmetrie SC based on the izeel DEA-AC shows the

energy density of 0.761 Whkg at the pawer density of 400 W.kg. The Cp retention of 110% and Coubombic
efficiency higher than 95% after 10,000 times charge and discharge cyeling process are ali achieved

1. Introduetion

Energy generation and storage devices are quite important to solve
the series energy issues for human beings [1-5]. Energy storage devices
are eagerly developed for solving serious energy shortage problems. The
high energy and power densities are significant for energy storage de-
vices [6.7]. The excellent high-rate performance and long cycle life are
also required to achieve wider applications [£.9]. Supercapacitor (SC)
with high power density and long cycle life comparing to battery is a
promising energy storage device to investigate [10-12]. The energy
density of SC is also higher than the traditional capacitor. The energy
storage mechanism of SC is classified into two sorts, electric double-
layered capacitor (EDLC) and psendocapacitor [12,14]. EDLC stores
charges using lon adsorption and desorption mechanism, which pro-
motes cycling stability but canses small energy density due to lack of
Faradaic redox reactions [15].

Carbon materials are extensively used in SC applications due to their
high conductivity, low cost and adaptable existing forms such as fibers,
powders, and composites [16]. For instance, the carbon nanomaterials
such as mesoporous carbon, activated carbon (AC) and graphitic nano-
carbons with different morphologies including nanofibers, nanocoils,
nanscones and nanotubes has been widely applied in EDLCs as electrode
materials [17-20]. The capacitive and diffusive criteria of AC materials
lie on the presence of mesopares in the structure. The high porosity
facilitate soft diffusion of ions and confer lower relaxation tim

cially the hierarchical porosity can accelerate electrolyte 1on and
ion diffusion, and hence can improve ion accessibi to the entire
electrode. Numerous studies utilized waste bi to produce AC with

wery low costs and excellent surface
workers applied chemical activ:
activation reagent to fabri
and co-warkers used

[Z1-24]. Ahmed and co-
thod with help of ZnCl; as
us AC from rotten carrof [25]. Gupia
activation reagent in chemical process to

f
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Investigating energy storage ability of MIL101-(Fe) derivatives prepared
using successive carbonization and oxidation for supercapacitors
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ARTICLE INFO

ABSTRACT

Keywands:

Metal organie feamework
MIL101(Fe)

Supercapacitar

Sucressive carbonization,/oxidation

Metal organic framewark (MOF) with high surface area and tunable parous size is largely used as active material
of supercapacitor (SC). MIL-101(Fe) composed of iron ions and terephthalic acid ligand is candidare active
material of SC owing to its possible formation of carbon and iron compounds. Combining carbon and metal
compound is feasible to establish efficient active material with ion adsorption/desorption md redox reaction

charge storage abilities. In this study, itis the first time to investigate physical and of
MIL101(Fe) it i using and il ion processes as
active materials of SC. Carbonization temperature of MIL-101{Fe) is regarding to

compasition and defect/graphization ratio. The highest specific capacitance (Cy) of 95.7 F/g at 20 mV/s is ob-
tained for the carbonized MIL-101(Fe) (MIL101 (Fe)-C) prepared at 800 “C, due to rough surface, hollow structure
and suitabla defect to graphization ratio. The MIL-101(Fe) and the successive carbonization/oxidation gynthe-
sized derivative electrodes merely achieve Cg values of 44.3 and 0.1 F/g, . sC

using optimized MIL101(Fe)-C electrodes shows the maximum energy density of 1.13 Whykg at 400 W/kg and
excellent cyeling stability with Cr retention of 9%6% and Columbic efficiency of 72% in 8000 times repeated

energy storage devim which store charges by generating redox re- [15-18]. MOF with iron centers such as MIL-101(Fe) composed of

actions and ad.

bing ions via static electricity, respectively ordinated iron ions linked by terephthalic acid ligands is

Therefore,

[9]. By combining advantages of battery and capacitor, supercapacitor active material of SC, due to the possible conversions to
(SC) has been considered as one of effective energy storage devices and iron comy ds [19-21]. In p
owing to high specific power and long cycle life. SC stores charges by commonly combined with carbon materi.
both ion adsorption/desorption and redox reactions, which mainly oc- cetal. prepared growth-oriented Fe-|
curs on carbnn materials and metal compounds, respectively [u] 11]. aetogels composite for SC

F synergized with graphene
carbonization process was also

g carbon ials with metal p as applied on MIL-101
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Direct Z-scheme WO3/In,S; heterostructures for enhanced photocatalytic | m)
reduction Cr(VI) =
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Xiaoheng Liu™
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“ College of Chemnistry and Materiol Engineering, Quzhou University, Quzhow, Zhejiang 324000, China

ARTICLE INFO ABSTRACT
Article history: The design of efficient and stable photocatalysts for the removal of heavy metals in the environment has
Received 24 May 2021 become a research hotspot. Here, a compasite photocatalyst with th i i In;55 mic

::.:em?;‘wﬁdzgnzgm 2 March 2022 PP by W03 nanoparticles was ized for the p tion of Cri{V1) for the first time. The
e a

constructed composite catalyst has a direct Z-scheme electron transport mechanism without any precious
Availabl line 11 March 2022
© online e metals (Au, Pt, and Ag), quantum dots (Ti0; QDs) or carbon materials (Graphene) as electronic media.
Constructing a direct Z-scheme WO0,/In;5; photocatalyst can greatly retain the reduction and oxidation

Keywaords:

m:‘swa reaction sites on the surface of the heterojunction and accelerate the reduction reaction. Under visible light
WD: irradiation, it greatly promotes the photocatalytic reduction of Cr{VI), which is 67.7 times and 3.6 times the
Z-scheme photocatalyst reduction rates of W0 and IngS;, respectively. The favorable photocatalytic performance of W0O5/In,S;

should be attributed to the effective interfacial contact between the semiconductors in the Z-scheme
system, thereby realizing effective electron transfer and charge separation. In addition, the stability of W05/
Iny53 was studied, and a possible mechanism in the photoreduction process of Cr{VI) was proposed.

© 2022 Elsevier B.V. All rights reserved.

Pheotocatalytic Cr (V1) reduction

1. Introduction to solve the pollution of Cr{VI) [5]. Generally. the sulfite or ferrous
salt was used in industry to reduce Cr(V1) to Cr(lll) in an acidic
‘With the development of industry, potentially toxic metals ions environment, and then alkali treatment is performed to obtain
pose a major threat to the water environment | 1-3]. As a common precipitate |9]. This methods was prone to produce secondal
metal-chromium ions, it is widely used in electroplating, leather waste and 50,. which poses environmental hazards
tanning, steelmaking, and chemical manufacturing |4-5|. Since Cr years, semiconductor photocatalysts have heen
(V1) has a regular tetrahedral structure similar to POs* and 504, tron-hole pairs under light excitation, in w
it can easily enter cells through anion channels, which seriously strong reducibility without any pollution,
affects human health and safety |7]. In 2019, chromium com- duce Cr(VI) [10]. Wang et al. prepa
pounds with hexavalent were included in the list of toxic and facrant-assisted hydrothermal my
harmful water pollutants. As we all know, Cr(lll] as a trace element (VI). The pure Ce0, has weak
of the human body, has the advantages of low maobility in aguatic
environment and easy formation of Cr{OH); precipitation in neu-
tral or alkaline environments, which has become an effective way

can be used to re-
nanotubes by a sur-
for photoreduction of Cr
oreduction performance without
group reported the use of Zn0 to

gative conduction band (CB) sites, and more positive valence
d (VB sites. This is difficult for a single photocatalytic material to
have at the same time. The heterojunction catalytic system with Z-
scheme electron transport mechanism can not only decrease the
photo-generated electron-hole recombination rate, but also retain

« G ding author ar: Key Lab w of Education Mindstry for Soft Chemistry
and Functional Materials, Manjing University of Sclence and Technobogy, Nanjing
210084, China

= Corresponding awthor.

E-mail addresses: 1
xhlidnjusteduon (X Lu)

hemmater@gzcedu.cn (M. Zhang),

hirps:{dod.org/ 10.1016(| jallcom. 2022, 164488
D925-83BE/C 2022 Elsevier BV, All rights reserved.
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Combined use of microbubbles of various sizes and
single-transducer dual-frequency ultrasound for safe
and efficient inner ear drug delivery
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(Cheng-Ping Shih, Department of Abstract
Otolaryngology-Head and Meck Surgery,

‘We have previously applied ultrasound {US) with microbubbles (MBs) to enhance
i ear drug delivery, with most experiments conducted using single-frequency,

low-power-density, single-transducer, US (lepra = 213 mW/em?) and
MBs of different sizes coated with insulin-like growth -1). This study is
the first to investigate the drug-coating capacity of human serum albumi
of different particle sizes and their drug delivery efficiency. The concentration of
HSA was adjusted to produce different MB sizes. The drug-coating efficiency was
significantly higher for large-sized MBs than for smaller MBs. In vitra Franz diffusion
experiments showed that the combination of dual-frequency US and large MB size
delivered the most IGF-1 (24.3 + 0.47 ng/em?) to the receptor side at the second
hour of treatment. In an in vive guinea pig experiment, the efficiency of IGF-1 deliv-
ery into the inner ear was 15.9 times greater in animals treated with the combination
of dual-frequency US and large MBs (D-USMB) than in control animals treated with
round window soaking (RWS). The IGF-1 delivery efficiency was 10.15 times greater
with the combination of single-frequency US and large size MBs (5-USMB) than with
RWS. Confocal microscopy of the cochlea showed a stronger distribution of IGF-1 in
the basal turn in the D-USMB and S-USMB groups than in the RWS group. In the sec-
ond and third turns, the D-USMB group showed the greatest IGF-1 distribution.

#i-Ha Lian and ChihvHiung Wing contributed equally 1o this study.

provided the original wark is properdy cited.

This s an open access article under the terms of the Creative Commons Attribution Licerse, which permits use. distribution and reproduction in any medium,

0 2022 The Authors. Bicengineering & Tronsiational Medicine published by Wikey Periodicals LLC on behalf of American Institute of Chemical Engineers.

Bioeng Trans! Med. 2023:8::10450.
https:#/doi.org/ 10.1002/btm2 10430

wileyonlinelibrary.com/joumal/btm2 I 1of14

& 2 HE T
(W2)

[Correspondence | (78 51 {F & FF AL 23R

Cheng-Ping Shih, Department of
Otolaryngology-Head and Meck Surgery,
Tri-5ervice General Hospital, Mational Defense
Medical Center, Mo. 325, Sec. 2, Chenggong
Rd., Neihu District, Taipei City 11490, Taiwan.
Email: ericas0802@gmail.com,
zhengping_shi@yahoo.com.tw

O% — 454 (X1)
O3 A4 4 (X1)
O% —4F #(X0.8)
O = 4% #(x0.6)
O vg 4% 4 (x0.4)
O% 2 fFH Lk
(xX0.2)




N [E[0]-B22
WOSEB:

An Upper Extremity Rehabilitation System Using Efficient Vision-Based
Action Identification Techniques
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Article Number 1161
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O rre S po n I n g a u O r 7] Abstract This study proposes an action |dentification system for hore upper extremity rehabilitation. In the proposed system, we apply an
— —E é = RGEB-depth [color-depth) sensor to capture the image sequences of the patient's upper extremity actions to identify its movements.
EE L Eﬁ 1@ % WO S = E@ ° e apply a skin color detection technique to assist with extremity identification and to build up the upper extremity skeleton

podnts. We use the dynamic time warping algorithm to determine the rehabilitation actions. The system presented hereln builds up

upper extramity skeleton points rapidly. Through the uppers extremity of the human skeleton and human skin color information,
the upper extremity skeleton polnts are effectively established by the proposed systemn, and the rehabilitation actions of patients
are identified by a dynamic time warping algosithim. Thus, the proposed system can achieve a high recogmition rate of 8% for the

defined rehabilitation actions for the various muscles, Moreower, the computational speed of the proposed system can reach 125
. . ; frames per second-the processing time per frame |s less than B ms on a personal computer platform. This computational efficency
AUthor Informatlon Corres Ondln AddrESS: Lee, Posen (corres Dndln al.lthol' allows efficlent extensibility for future developments to deal with complex ambient environments and for implermentation n

embedded and pervasive systems. The majer contributions of the study are: {1) the proposed system is not anly a physical exercise
A | ShouU ni\,-! Dept O.ccupat Thera Py, Kaohsiu ng 82445, Taiwan game, but also a movemant training program for specific muscle groups; (2) The hardware of upper extremity rehabilitation system

included a personal computer with personal computer and a depth camera. These are econamic equipment, so that patients who

need this system can set up one 6t at home; (3) patients can pedform rehabilitation actions in sitting position to prevent him/her
fram falling down during training; [4) the acouracy rate of identifiing rehabilitation action & as high as 98%, which is sufficlent for
distinguishing between comect and wrong action whea performing specific action trainings; (5) The praposed upper extremity
rehabilitation system is real-time, efficlent to vision-based action Identification, and low-cost hardware and software, which is
affordable for most families.

Keywords Author Keywords: upper extremity (dentification; color and depth sansors; skeleton points; rehabilitation actions; home
rehabilitation; computer wision
Keywords Plus: COST-EFFECTIVEMESS; TELEMEDICINE; CARE; BALANCE; TELEHEALTH; TOOL

Author Information Cormesponding Address: Les, Posen |corresponding author)
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ARTICLEINFO ABSTRACT

Activated carbon (AC) has been widely used for such as SENSOrs,
energy starage applications, etc., due to its fine porous structure, volumetric capacitance, and chemical stability.
Supercritical-C0y (SC-C0;) has a fascinating advantage in material science due to its microbubble cavitation,

s"""“"“f_‘]‘:} . high diffusiviry, and high permeability. In the shed of light, we a high porous ia trifasciam
- 157 2 r e ‘was al in a conventi
o biomass-derived AC by SC-COz (SC-ST-AC). For comparison purposes, the AC was also prepared ional

approach (C-ST-AC). The prepared ACs were characterized through various spectroscopic and microscopic
techniques to study their surface analysis, md phase purity. The eleciro-
chemical performance was evaluated by two different i 1 h detection and energy storage
application. Based on the results, the SC-ST-AC exhibits higher porous architecture in their morphology and high

phase purity with amorphous nature than C-ST-AC. In the preliminary electrochemical analysis, SC-ST-AC
achieved higher performance than C-ST-AC. Thus, SC-ST-AC is applied to the real-time application and it
exposed a superior limit of detection (0.005 uM L") and sensitivity (0.854 pA uM ' cm ) towards MA sensing
and higher specific capacitance (342.5 F/g for 2 A/g) with 92.09 % of retention at high current density. Thereby,
we suggest the SC-CO; method is a promising approach to develop a highly porous carbon material with
excellent electrochemical performance.
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1. Introduction energy storage applications [9). Traditionally, the preparation of AC is
done by the pyrolysis uf fossil raw materials snrJ- as :nal and petroleum
coke or wood, fol d by a physical or ck 1 process
[10]. Due to the rapid increase of the global population and economy,
the demand for energy and resources is also increasing exponentially,

In recent eras, carbon-based fals includi e-di 1Dy
carbon ;, carbon [1,7], v (20) gra-
phene [3], three-dimension (3D) graphite, activated carbon, and its

derivatives [4,5] have been extensively investigated as successful
commercialization materials in several sectors. Amnng them amvau:d
carbon (AC) is considered the most cardinal 1 for el

resulting in a lack of fossil fuels [11). Therefore, cost-effective renew-
able :admn suumr_'., the development of economic efficiency methods,
I safety are all issues that must be thoroughly inves-

application owing to its high surface area, porous architecture, and
chemical stability [6-2). The varieties of functional group moiety
fascinated on the surface make it as a promising electrode material for

and

tigated to produce advanced activated carbon that is more environ-
mentally friendly. In this regard, biomass materials are presently
recognized as the most viable candidates for preparing carbon materials
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ARTICLE INFO ABSTRACT

Keywards:

This study evaluated the feasibility of applying the wavelet trancform (WT) combined with a phase-leac
Wavelet transform i

compensator (FLC) o our pmnun_-.ly dew_lupud twoedil i Yy mutim sym:m
Hespiraiory mation campesaticn [RMCS). Thit system and adjuses PLC 1o clifferent
Ultrasound image tracking
signals to reduce influences of the system delay time, uupmvu:g the compensation efﬁ:ﬂ of the HMDE‘ during
i h motion inn. This study with a

il v motion & fon Syslem [RMSF}andlh: RMCS. Human respiratory signals were
caplured using our previously developed ultrasound image tracking algorithm (UITA). In this study, a

ion RMCS il based on the combination of WT and PLC was developed by Lal-
VIEW, which allows an autematic adjustment of the PLC parameters aceording to various respicatory waveforms,
achieving a better ion efect The resulls indi d that the ion rate (CR) of
right-left and superior-inferior directions had both improved 67.96-88.05% and 70.38-91.43%, nespectively. In

this study, the propesed method combined with WT and PLC applisd in respiratory

experiments; the UITA was used for tracking diaphragm motion which substinstes for tumor motion. This

noninvasive monitoring method ko belps reduce sde effects after The results ineli

rhal the effect of using the WT combined with Lh: PLC m compensate for various respiratory signals was
o aver our previ developed

1. Introduction tumor movement makes actual dose distribution differ from the ex-
pected dose distribution, resulting insufficient dose coverage on target
During radiotherapy, the anatomical structure and location of a tumor and excessive dose on surrounding tissues. The unwanted dose
lesion are usually different from those of the target used in the treatment
planning system. One of the main reasons for this is the organ movement
that occurs while breathing, which also causes the tumor to deviate from

the original irradiation target position during the treatment [1-2]. The

distribution increases serious side effects and great reduction of treat-
ment effectiveness. Langen et al. [4] documented many types of organ
movements, including types of the liver, diaphragm, kidney, pancreas,
lung tumaors, and prostate. Diaphragm and liver are affected by
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Article history:
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One of the major challenges in the twenty-first century & the development of ultrahigh performance
electrical energy storage (ES) devices with faster, safer, and more efficient ES materials. Herein, we report
newly designed silver vanadates | AgsW20y), which serve as significant electrode material for upcoming ES
devices due to its greater electrical conductivity as well as electrochemical activity. Ag,\V,0, were syn-
thesized by the ultrasonication method. The as-synthesized material was characterized with various
spectral as well as analytical methods. Furthermore, the supercapacitive property of Ag,V.0; was evaluated
using different electroanalytical techniques. The Ag.\V»05 electrode exhibited well electrochemical perfor-
mance with a specific capacity (C.,,) of 548 C g™ at the current density of 1 Ag™" and significant capacity
retention of 88.7% even after 5000 GCD cycles at 6 Ag™". The bowest value of charge transfer resistance (R, =
412 1), and equivalent series resistance (ESR =633 ) exposed the faster reaction kinetics. The superior
electrochemical performance was ascribed to its unigue structure, which contributes to high conductivity,
easy electron transfer, short ion diffusion distances, fast kinetics as well as a huge number of active sites in
thie electrode material. The electrochemical results demonstrated that Ag,V,0, could be utilized as electro-
active material for advanced energy storage systems.
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1. Introduction

Energy crisis is one of the most pressing problems in the current
scenario. Considerations about greenhouse effect have prompted
researchers to perform a detailed imvestigation on energy conversion
as well as storage technology [ 1] In order to solve this issue, fuel
cells, batteries and supercapacitors have become more popular as
strong candidates |2 Supercapacitors (5Cs) have received a lot of
attention as a type of high-efficiency energy storage device because
they can deliver more power density with a longer cycling lifespan
than batteries and store more encrgy density than conventional
capacitors. Furthermore, due to their rapid rechargeability, much
greater cycling stability, and higher rate capability, SCs are good al-
ternatives for a battery replacement if their energy density is sig-
mificantly high |3-5].
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Based on the principle of charge storage process, there are three
types of 5Cs: the electric double layer (EDLC) [7]. pseudocapacitors
(PCs) [2] as well as hybrid capacitors [2). The former is distinguished
primarily via ion as well as electron separation at the electrodejelec-
trolyte interface, while a Faradaic charge transfer reaction takes place
at the active material in a redox pseudo capacitor. Hybrid capacitors
are operating by the combination of Faradaic as well as Non-Faradaic
reactions. Many researchers have made great efforts to study PCs be-
cause their energy density is substantially higher than EDLCs [10001].

Because of the large C; and superlative redox activity, transition
metal oxides (TMOs) have been found to be promising as electrodes
for PCs over the last few decades | 12-14]. Several TMOs, like RuO,,
Mn0,., NiD, Co:0, Mo, and Sn0, were efficiently used as elec-
trode materials in PCs. During the charge /discharge processes, PCs
with these kinds of electrodes invariably exhibited poor stability,
high resistance as well as large volume changes| 15]. To address this
concern, mixed TMOs have emerged as prnml:m,g electrodes for SCs
awing to their ability to impr
L specific capacity as well as electrical
conductivity| 16]. Among the TMOs, mixed metal oxides, binary,
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Investigating energy storage ability of ZIF67-derived perovskite fluoride
via tuning ammonium fluoride amounts
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Article histary: Zeolitic imidazolate framework 67 (ZIF67) is widely considered as potential active material for super-
Received 7 July 2021 capacitors (5C) due to large surface area and tunable structures, but small electrical conductivity limits its
Reveived in revised form 25 Seplember 2021 st bility. Fluoride with hi; lectrical conductivity i rted to be beneficial reduci
Resepted 25 September 2071 energy storage ahility. Fluoride with high electrical co vity is repol cial on reducing

charge-transfer resistance of SC. In this study, ZIFE7-derived perovskite fluoride is synthesized using am-
monium fluoride (NH,F) as electroactive material of 5C at the first time. Different NH;F amounts are used to
produce perovskite ZIF67-derived fluorides (ZIF67-N). The optimized ZIF67-N electrode shows specific

Available online 29 September 2021

::mrﬁ ucride capacitance [Cg) of 636.8 Fg at 10 mV/s, owing to small particle size and suitable F* to 2-methylimidazole

Ligand rann for pn:wn:lmg high electronegativity. The ZIFST and cobalt nickel fluoride prepared using NH,F but no

Percrvskite i le (CoNi-N) are roles of fluorine and 2-methylimidazole o

Supercapacitar energy storage. The ZIF6T electrode shows murh smaller Cp (1.6 Ffg) than ZIFG7-N electrode, owing to

ZIF67 largely enhanced pore width of ZIF67-N even if surface area is largely reduced when NH,F is added during

2methylimidazole synthesis. The SC comprising optimized ZIFG7-N electrodes shows maximum energy density of 27.2 Whkg
at 650.0 Wkg as well as Cp retention of 86% and Coulombic efficiency of 100% in 8000 times charge/
discharge process.

D 2021 Elsevier B.V. All rights reserved.

1. Introduction amorphous carbon@graphite carbon nanoleaves by carbonization of
ZIF-L[Zn)@ZIF67 nanoleaves and achieved Cp of 2521 Flg [10].
Metal organic framework (MOF) with high surface area and Combining 2IF67 with carbon materials is also applied to improve
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tunable structure has been largely applied on energy storage for
recent years [1-4]. Zeolitic imidazolate framework 67 (ZIF67) con-
sisted of cobalt lon center and 2-methylimidazole ligand is one of
the potential electroactive materials for supercapacitors (SC) [5-7].
However, the intrinsic nature of ZIFG7 is not highly capacitive for
storing charges even if ZIF67 possesses high surface area for carrying
out large amounts of electrochemical reactions. Mumerous ex-situ
methods were applied on modifying ZIF67 with high redox activity
and electrical conductivity. Zhang and co-workers prepared ZIF-de-
rived carbon using co-carbonization technique and obtained a spe-
cific capacitance (C¢) of 228 Fg at 0.1 Ajg [8]. Hu e al. assembled SC
using ZIF-67@amorphous 2IF electrode and capacity retention of
100% after 2000 cycles was obtained [9]. Zhang et al. synthesized
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energy storage ability of ZIFE7 [11,12]. Jian et al designed cobalt
sulfide nanocage derived from ZIF interconnected by carbon nano-
tubes as electrode material for SC [11]. Sundriya et al. synthesized
ZIFE7 and reduced graphene oxide (rGO) composite using stirring
approach and obtained Cp of 326 Fjg at 3 Alg [12].

However, comparing to the ex-situ method, the in-situ method is
more likely to reduce the experimental process via directly mod-
ifying the process of forming MOF derivatives at the very beginning.
Also, the nature of MOF derivatives could be much easier to design
using in-situ techniques. It was reported that ligand plays important
roles on intrinsic properties of MOF, such as chemical stability, ri-
gidity and flexibility [13-15]. Lv er al. proposed that stability of MOF
ﬂ?l.iﬂ on rol of metal ion/ligand coordination bonds. They

ated a ligand-rigidification strategy to enhance stability of
MOF, including thirteen Zr-based MCIF constructed with
(-C0;), units and correspond]
es may be possuhle to improve the en-
rgy storage ability. Ammonium fluoride has been reported to play
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concentration of HSA was adjusted to produce different MB sizes. The drug-coating efficiency
{EEREA CAS B0&SE was significantly higher for large-sized MBs than for smaller MBs. In vitro Franz diffusion
experiments showed that the combination of dual-frequency US and large MB size delivered the
most [GF-1(24.31 0.47 ng/cm?) to the receptor side at the second hour of treatment. In an in vivo
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