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A lightweight visual mamba network for image recognition under resource-limited environments
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ARTICLE INFO ABSTRACT
Keywords: The Visiuu Tnnﬁmnu! (ViTs) models show great potential In mo;nilim due to their emll:m self-
Lightweight llnyoib:nne:d :uwe P lexity, making achieving high
Vios perf in ined en Henging. This paper proposes a lightweight visual model
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ARTICLE INFO ABSTRACT

Eepwardi: In many < d em recognition tasis ofen require offidenm and GBS exeution

g Brwvn e Currendy, many nﬁnﬂkdﬂﬂpﬂdﬁ:h fiedd adopt a eambi naton of eomalntonal q:u'ﬂmandw:lm

Sl Trraxed: {VITs) 1o achk sive: fea re rep bon whle 2 efficient perd

5 s However, these methods sill hawe Iﬂglﬂr parameses culis or floating paint operations (FLOPs), making it

Image me ageition diffienlt 1o adapt mare resouze- a lighaweeigh t Mul i-Sale Feame Fusion
Nmmtwmsp'epmadnaddrm:h:!m The proposed method mainly consiss of three maodul
ligh nweidghn loml procesing (LLF) modules, loml-global foson modules [;I.E-'.\.U. mdil:l#rwd;h information
fushon {LIF) mochules. The: LLP modules, consd ening the issue of compu ¥, P pose a branch

Stru cure dm effectively reduces parametsr consumpiion while maimaining high pﬂiﬂ'mnn:t Tao cagiure
IMCTe: €0y Ve 1 i fon, the LGFM faoses local and global feamres, #ms enhancing the

k bon of mage fe The LIF exin emial f throagh pooling operations
ard ifferem miuﬁﬁp‘uﬂ“nghj:mﬂshthﬂmts..ﬂddmmdﬁ 10 enhance the model's generaliz-
ton, a new weighted loss funeton is imrod uced, which alleviases the long4adl distribation fssoe in real-world
sceraris and improves recognition perfomance for rae aegorkes. Experimental resulis demonsirate that

1 with other

LMEFF achieves bemrer halance herween recognition accuracy and prion

stteol-thean lighmweight hybrid modek

1. Intoosduction

In recent years, the increasing demand for mobde applications, chars
acterized by limited storage and computing resouroes, has posed chal-
lenges for the development of efficient and acourate lighting recognis
tion meethads {Ig= & Mohd Noor, 20220 Early lightweight models have
already achieved success in various domains, such as high-performa.
ne computing, demomstrating the potential of resourcesefficient
designs (Allen et al., 2000 He, Zhang, & Sun, 2017; Liu =t al, 20017}
In many reakworld scemanos with comstrained resounces, there is a
desire for recognition processes to be both accurate and fast, such
a5 in robotics, unmamed whides, embedded devices, and mohile
deviees (Raja Selaman, Han, & Yin, 327 However, due to hardwane
limitations, deploving largesscale and computatiomally expensive mods
ek in these seemarios & not feasible (Haque, Ansfin, Shihevudding, &

l lence wc Depar of T
Disirict, Jtun Chg, Slu:dmg Provinee, 250353, Chine

Haman, 2021} Therefare, the development of lightweight image remgs
nition methods with simple and =fficient structures, which can be well
deployed in reabwaorld resource.constrained environments, becomes
crucial For example, in autonomoas drones, lightweight recognition
methods are essential for ensuring real dime ohjea detection and nane
igation while minimizing power consumption Similarly, in wearahle
health monitoring deviees, these methods enable continuows mani o
ing and rapid procesing of visual data withowt significantly draining
the battery. In smart home devices, lightweight model Bdlitate =fi
cient processing of visual inputs for taslks like security monitoring and
gestune recognition, sven in devices with limited computational power.
Additionally, these optimized lightweight methods can be effectively

ry Sclence and Techmology Qilu Univershy of Tedmology {(Shandong Acdemy of Sdences), Changging
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ARTICLE INFO ABSTRACT

Kirpwords: Small satellites, weighing under 1,000 kg, are increasingly used in def ehvil, and ¢ dal sectars

g -t due 1o their costeffeaivenss and ponabiliy. H thedr {maging s limited by the sire and

St e L coet of their apeniures. Existing super-reschnion (SR) algorithms struggle o reconstuct large-area surface

m‘:?‘t information and fine local texures, and often require high comparting power, making them mnsuitable for

H :u-.-_ " small sellites This siudy proposes a lightwedght superdesolinion nenwork, MERN (Muhscale Shrinking
R d Adtention MNetwork), d dor deploy an small | Specifically, MSRN employs

& du:ithg Wi ndowwpantition strategy 'm eract dtl:ﬂ'eren ranges of feamre priors and capue local high
frequency deadk It ako uses a ch h 10 expand the receptive field and emraa
ghobal contewt information. Addivionally, a multiscale repanm elerized atention group i designed o efficlemly
exract feanmes and comtours of objens at varkos scales, enhancing channe] information represenmtion. The
e af ref mion wechnalogy lifies the mode] and enables Bt response and processing of small
ne'ﬂizimﬂgedua W ipke e comp anisons on several popalar po bl remote sersing datses demonarae tat
MERN hods in terms of orcupancy and reconsmuaion perfonman e, and
exhibits m'mg robusmess and general imation across di ferem T

1. Introeduction that to double the resolution of imaging hardware, it requires nearly

foar times the o=t Morsover, large-aperture felescopes nesd to be

The grwing importance of remode sensing imagery in a diverse
array of applications, inchiding environmental manitoring (Wasshun
et al., 2{24), resowrce surveys {Liu et al, 2023), whan planning {¥u
et al, A24; Darem ot al, 223) and weather prediction {Mchite
et al, X027, has led 0 an inoexssd demand for high resohition
images. Blury, artifactoidden images may lead to misinterpretation
of remote semsing information, potentially resulting in ummecessary
planning ermors and even serous national sscurity issues. Traditionally,
ithe cost of optical telesmpes on saellites & mughly proportional to the
square of the aperture siz (Constantinou et al, 2024), which means

¥ This werk was supportad by the Mational Key Research and Developm ant Program (Mo 2023YFEI308 403}, Nawral Science Fo

maunted on large satellites, which are bulky and heavy, making them
difimlt 0 assemble and laundh. In recent years, the emergence of
high-~mapadty microelectronic devices has emabled the mamifacture of
small satellites {weighing less than 1006 kg) in the asmspace industry,
particularly in Low Earth Orhit (LEQ) {Swesting, 2018). Comparsd to
large satellites, such small satellites are cheaper to mamfacture, @ke
less time to amemble, and are easier to integrate and launch with
rackets due to small size and available Biring capacity {Constantinou
et al, 2024) Meamwhile, they are hander to target by adversaries,

of Shand
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ARTICLEINFO ABSTRACT

Keywords:
Becillus lichenifirmis

In this study, Bacillhes Bcheniformis (BL) was employed for the pretreatment of wheat straw, utlizing an intelligent
regulatory mechanism to modulate the secretion of vadous enzymes. As a result, the cuticle and sclerenchyma

b bl within the lignocellulosic array were gradually degraded. Following a 36 h treatment period, the cellunlose

;T;:J:Iﬂ:;m s content in the pulp reached 77.18 %, whereas the lignin and hemicellulose contents continued to decrease.

Cuiticls Additonally, the pulp brightness increased by 66.3 % after 48 h of treatment, and the tendle and tear indexes
increased by 25.2 % and 615 %, respectively. Furthermore, we elucidated how BL intelligently regulated the
surface characterstics of wheat stalks to highlight its advantages over direct enzyme treatments. These findings
demonstrate the feadbility of using bacteria for wheat straw pretreatment in the papermaking process.

1. Introduction mechanical strength and stability. However, the effective and environ-

In the current global context of advancing low-carbon economy and
sustainable development, the papermaking industry is hindered by a
significant shortage of wood resources, which limit its advancement

(Zhang et al., 2019). Biomass is a renewable resource with diverse ap-
plications in various sectors, such as energy production, medicine, food,
and cosmetics (Popp et al, 2021; Sen et al., 2022; Sonu et al., 2023).

Biomass s progressively replacing wood as a primary raw material for
paper production (Espinosa et al., 2015). The northern regions of China
hawve abundant wheatgrass resources that can be used as alternatives to
forest resources and mitigate environmental impacts. Wheatgrass fibers
have a fine structure that closely resembles that of wood fibers, making
them highly promising for papermaking (Hyvikks et al., 2019).
Lignocellulose, the predominant biological macromolecule in plants,
is the major component of plant cell walls, and it has remarkable me-
chanical strength and stability (Zhong et al., 2019). In wheatgrass, the
intermalecular hydrogen and glycosidic bonds between fibers in straws
help to form a distincti ve lignocellulosic structure with hierarchical and
directional arrangement. This structure gives wheatgrass considerable

89

mentally friendly removal of lignin from straw remains a major chal-
lenge in straw-pulp paper production. Chemical pulping is currently the
maost widely used method in developing countries. The cutide, as a
protective layer of non-wood raw materials, hinders the efficiency of
chemical reagents and enzymes penetrating to the fiber tissue. To
address this issue, it is essential to conduct a pretreatment operation
prior to the cooking stage to decompose the cuticle and disrupt the
lignocellulosic structure (Bizn ot al., 2009). The pretreatment process,
which involves physical, chemicl, and biological methods, have the
potential to improve pulping efficiency, reduce the amount of required
chemical reagents, and minimize energy consumption during the
cooking stage (Allan et al. ; Priyadarshines et al,, 2016).

In recent years, there has been an increasing emphasis on the
adoption of biological methods in the pretreatment of straw to promote
environmental sustainability. A promising approach involves the use of
enzyme-producing bacteria for straw pretreatment. Current research on
micrabial lignin degradation primarily foruses on white-rot fungi, which
decompose lignocellulosic materials through the secretion of two
enzyme systems: an oxidative lignin degradation system that targets the
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ARTIGCLE INFO ABSTRACT

Keywords: ‘Wheat straw, az a non-wood fiber waste, iz available wordwide and can be used in cellulosic matric production,

"'_TFEL 5‘_1?“‘ prometing the application of sustainable materiale. However, poor fiber properties and water drainage are the
Citric arid primary obstacles to its utilization. In thiz study, wheat straw pulp fibers were chemically cresslinked by citric
;f:j‘:;;: aecid [CA) in an environmentally friendly process. X-ray photoslectron spectroscopy and Fourier transform

infrared spectra confirmed that the chemieal treatment intreduced carboxylic groupe to cellulose fibers. Mean-
while, X-ray diffraction patterns showed that the crystallinity of cellulose was reduced. The average fiber length
and water retention value of the pulp decreasad with increazing CA dosage under the conditions of 3 mL/g CAs
{4 wt CA), and the drainage performance of the cellulose pulp improved by 21 %. Also, the crosslinking of
fiberz contributed to the mechanical propertiez of the eellulesic matrix, increasing the dry and wet strength by
21 % and 282 %, respectively. These recults demonstrated that citric acid could be a sustainable method for
St e peogirticn oF whisid: st Bl Hheschy gttt il v itwimeting, niteabils

materials.

1. Intreduction

Non-wood waste is considered an effective alternative to wood in
producing cellulese derivatives in countries with limited forest resources
[1,2]. Wheat stwraw is a rich renewable raw material [3,4] and has
become one of the primary resources of the paper industry in developing
countries [5]. Wheat straw has a unique hierarchical anisotropic strue-
ture [6]. Itis rich in cellulose, with a large fiber length-to-diameter ratio.
The high degree of alignment and complex hierarchical structure of
cellulose fibers make wheat straw an excellent potential for various
novel sustainable material generation, e.g., anisotropic, light-
transmitting, and bicdegradable films [7,5].

In recent years, wheat straw-based pulping strategies have developed
rapidly. Chemi-mechanical pulping rechnology is the primary rechnol-
ogy for wheat straw pulping [9,10], which can be used to produce cel-
lulose nanefiber and cellulose bio-composites, addressing the urgent call
for sustainable material production [11,12]. However, some challenges
are still associated with the chemo-mechanical pulping of straw. Wheat
straws are different from wood fibers due to their chemical compesition,
bielogical structure, and fiber morphology [13]. Specifically, the wheat

* Cerresponding authors.

E-mail addresses: xxjt75 u.ca (P. Fatehi).

httpe://doi.org/10.1016/3

straw fibers have a large aspect ratio, and their fiber wall cavity ratio is
large. Due to the thin epidermal cells of wheat straw, the primary wall is
brittle and easy to break [14,15]. These features enable fine particle
production during the pulping process, which increases the resistance of
water to flow through the pulp suspension, thus affecting the drainage of
the generated pulp while limiting its practical applications [16-15].

In the past few years, numercus studies have been conducted on
improving cellulosic pulp drainage and paper properties [19-21].
Cationic pelyacrylamides (CPAM), polydimethyl diallylammenium
chloride (PDADMAC), and cationic starch are the most commenly used
additives for pulp drainage improvement [22-25]. These caticnic
polyelectrolytes interact with the fibers and other additives for their
more efficient flocculation, thereby increasing the drainage properties of
the pulp [26]. These additives are often petroleum-based inefficient
polymers that are difficult to biodegrade and thus not attractive for
sustainable material development.

Thanks to the abundant hydroxyl groups on the surface of cellulose
fibers, advanced functionality can be imparted to cellulose [27]. For
example, Wang et al. successfully synthesized a novel graft copolymer
via reacting cellulose and polyisoprene, which improved the

Received 21 July 2024; Received in revised form 17 September 2024; Accepted 3 October 2024

Available online 5 October 2024

0141-8130/C 2024 The Authors. Published by Elsevier B.V. Thiz is an open access article under the CC BY-NC-ND license (htto:
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ARTICLE INFO ABSTRACT

Keywords: Transdermal drug delivery refers to the administration of drugs through the skin, after which the drugs can
En.sul.in direetly act on or circulate through the body to the target organz or cells and aveid the first-pass metabolism in
Microneedles the liver and kidnevs experienced by oral drugs, reducing the risk of drug poisoning. From the initial singular
Neadle-free injectors

approach to transdermal drug delivery, there haz been a chift toward combining multiple methods to enhance
drug permeation efficieney and address the limitations of individual approachss. Technological advancements
have also improved the accuracy of drug delivery. Optimizing insulin iteelf also enables itz long-term releaze via
needle-free injectors.

In thiz review, the diverse transdermal delivery methods employed in insulin therapy and their respective
advantages and limitations are discuzzed. By considering factors such as the principles of transdermal penetra-
tion, drug delivery efficiency, research progress, synergistic innovations ameng different methods. patient
compliance, skin damage, and posttreatment skin recovery, a comprehensive evaluation is presented, along with
prospects for potential novel combinatorial approaches. Furthermore, as insulin iz a macromelecular drug, in-
cights gained from its transdermal delivery may also serve az a valuable reference for the use of other macro-
molecular drugs for treatment.

1. Introduction

Insulin, the primary medication for treating diabetes, was discovered
by Banting and Best in 1922 [1]. As insulin is a macromolecular drug
[2]. it is most commenly injected subcutanecusly with needles for dia-
betes treatment. However, this approach not only causes pain [3] and
carries a risk of skin infection [4] burt also leads to long-term subeu-
taneous tissue fibrosis after prolonged use [5]. The primary concept
behind transdermal drug delivery is that a therapeuric can be adminis-
tered through the stratum cormeum via a route that is particularly
suitable for hydrophilic melecules and large macromelecules such as
proteins and RNA, which penetrate the skin and enter the systemic
circulation. The major obstacle in transdermal drug delivery technology
lies in the stratum corneum (SG) of the skin [6]. As shown in Fig. 1-1, the
SC, the outermost layer of the epidermis, has a thickness of approxi-
mately 10-20 pm and is composed of keratinized cells embedded in a
highly organized lipid bilayer. Below the stratum corneum is the living

* Correzponding author.
E-mail addresses: =

glu.edu.cn (Y. 8hi), 1043121007

https://doi.org/10.10

Sistu.glu.eduen (X. Ding), guim

epidermis with a thickness ranging from 50 to 100 pm that is densely
packed with corneocytes and covered by an aqueous extracellular ma-
trix. The junction of the stratum corneum and the outer viable epidermal
layer is called the epidermis. Beneath the epidermis lies the dermis,
which is 1-2 mm thick and contains a dense capillary nerwork inter-
connected with the systemic circulation, serving as the first drug ab-
sorption point. Collagen fibers are embedded in the extracellular marrix
selution, aiding in anchoring sweat glands, blood vessels, nerves, and
hair follicles in the transdermal drug delivery system. Insulin must pass
through the stratum corneum, followed by the epidermis and the
ropmost layer of the dermis to reach the capillary bed below the dermo-
epidermal junction, where it is absorbed and enters the systemic circu-
lation. Sube tissue is the deepest layer of the skin and consists of
vascularized, loose areolar connective tissue and adipose tissue [7].
Typically, the skin passively wansports small drug melecules. However,
when the integrity of the stratum comeum (5C) is compromised, large
macromolecules can be delivered either locally or systemically to target
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Abstract

Cellulose, hemicellulose, and lignin molecules in poplar wood are interwoven 1o form a dense network-like structure, which
prevents their degradation imo oligomers for the preparation of biomass-based materials and chemicals. Therefore, it is nec-
EEEANY I WAE 4 pretreatment process to decompose the comples. marrix. In this stody, ulirasound-assisted xylanase treamment
wias used for paplar wood pretreatment. The effects of different parameters, such as enzyme treatment time, enzyme dosage,
and ultrasound time on soluble substances and the surface of the cell wall were systematically investigated. The ogpimal
conditions for the degradation of hemicellulose and lignin in poplar wood were a reatment time of 60 min and a xylanase
dosage of 25 Uy, Ultrasound-assisted xylanase treatment improved the efficiency of removing hemicellulose. The contents
of glucose, xylose. and lignin were increased by 34.73%, 3201 %, and 59.65%. respectively, with the ulirasound-assisied
wylamase treatment. In addition. a least-squares model was constructed to describe the dissolution behavior of compomnent,

which is helpful 1o guide the subsequent conversion and wilization of poplar wood biomass.

Keywords Poplar wood - Xylanase - Ulirasonication - Least squares method - Ulirasound-assisted xylanase reatment

1 Introduction

Foplar is a fast-growing tree species with strong adaptability
and short growth cycle. The main components of poplar
wimnd are cellulose, hemicellulose, and lignin. Cellulose is
the maost highly abundant of the three main components of
paypderr wood and is the most important component required
in the pulp and paper process [1-8]. The coment of heri-
cellulose in poplar wood is second only to cellulose, and
the highest content of hemicellulose is xylan. which is
dominated by 4-0-methylglucoronide xylan. Lignin fills
the space between cellulose and hemicellulose, playing a
role in peotection and support [9]. The minor components
af poplar wood include extractives, starch, inorganic sub-
stamces, and plant gums. Cellulose, hemicellulose, and lignin
are linked through ether bonds, phenyl glyeosidic bonds, and

= Xingxiang K
xxpTE@E 163, com

Stae Key Laboratory of Biobased Material and Green
Papermaking. Crilu University of Techmology {Shandong
Academy of Sciences ), Jinan 250333, China

= Tiangin Key Labaratory of Pulp and Paper, Tanjin University
af Science and Technology, Tiangin 30457, China

other chemical bonds, intertwined with each other w form
a complex matrix [ 10-13]. This structure is highly recalei-
trand to enzyme and microbial degradation and is the main
obstacle to the conversion of lignocellulosic biomass inio
biomass-based materials and chemicals. Thus, it is mecessary
to develop efficient prefreatment processes o decompose the
complex SIruciures.

Currently, the main prewreatment methods for lignocello-
losic bipmass are physical, chemical, physic-chemical, and
biclogical approaches, etc. [14]. Among them, physical meth-
ods such as mechanical grinding, ultrasonic, microwave, and
high-energy radiation are energy-intensive [15]. Chemical
methods that usually involve acid | 16], alkali, organic sol-
vents, and fonic liguid are facing the challenges. such as cor-
rosion and solvent recycling [17]. Physic-chemical methods,
such as ammonia steam explosion and hydrothermal poetneat-
i, usually requare high reaction temperatures and pressures
[18]. Biological methods refer to emyploying microorganisims
orenzymes 1o degrade biomass feedsvocks o improve the effi-
ciency of component wilization [19]. It is a green pretreat-
meent iechnaodogy with low energy consurmgption, high catalytic
specificity, and low environmental pollution [20].

For the pulp and paper indusiry, enzyme premesiment can
mot only reduce the amount of chemicals bat also improved

'ﬂ Springer
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ABSTRACT: Vitamin C, also known as ascorbic acid, is an essential vitamin that cannot be synthesized by the homan body and
must be acquired through our diet. At present, the precursor of vitamin C, 2-keto-1-gulonic acid (2-KGA), is typically produced via a
twio-step fermentation process utilizing three bacterial strains. The second step of this traditional two-step fermentation method
involves mixed-culture fermentation employing 2-KGA-producing bacteria (Ketogulonicigenium vulgare) along with associated
bacteria. Because K. vulgare has defects in various metabolic pathways, associated bacteria are needed to provide key substances to
promote K. wdgare growth and 2-KGA produoction. Unlike previous reviews where the main focus was the interaction between
associated bacteria and K vulgare, this Review presents the latest scientific research from the perspective of the metabolic pathways
associated with 2-KGA production by K. wulgare and the mechanism underlying the interaction between K. vulgare and the associated
bacteria. In addition, the dehydrogenases that are responsible for 2-KGA production, the 2-KGA synthesis pathway, strategies for
simplifying 2-KGA production via a one-step fermentation route, and, finally, future prospects and research goals in vitamin C
production are also presented.

KEYWORDS: vitamin C, 2-keto-t-gulonic acid, Ketogulonicigenivum valgare, dehydrogenase, mived-culture fermentation

1. INTRODUCTION vitamin C precursor, using three bacterial strains, followed by

o s s o its chemical conversion to vitamin C. However, the
Vitamin C, also known as ascorbic acid, is an acidic .

polyhydroxy compound that i widely distributed in the animal disadvantages of the two-step fermentation process include a
and plant kingdoms. The human body lacks the ability to lengthy fermentation cyde and the requirement for btwo
synthesize vitamin C and depends on ingested food as 1 source fermentation and sterilization steps. Recent research has
of the vitamin; therefore, vitamin C supplements are chiefly focused s sitiplitying the pmcll_.lcti?n of vitvmie. € by
used for treatment of diseases cansed by vitamin C deﬁcienqr_' I:ra_nsfm?mng the.two—step feTment.mnn Hbo. 4 one-ste_p P'D':_’EEE
In addition to its antioxidant qualities, vitamin C is essential for g en_ther a single or ma{“'m sytem, This Renew
human collagen formation, the scavenging of reactive oxygen su.mm:iru.es I_iﬁ key enzymes and their mecha.n:lsm of action in
species (ROS),” the prevention of hair loss,” and the bolstering bacterial strains employed for 2-KGA production, as well as the
of the immune system. However, the chemical stability of latest research on the process.
vitamin C is poor; photothermal factors, oxidants, and heavy-
metal ions accelerate its degradation and decrease its 2. CONVENTIOMAL PROCESS OF 2-KGA
physiological activity, thereby limiting its application. PRODUCTION
In recent years, improvements in the standard of living and
growing health awareness have increased the daily intake of
- . .. . 4
W&Zm.;n C ;’d _EIE':;“md P:S-' ‘m"gmf:im;id[ pi;:tndu_cts& process involving three bacterial strains.
e dceedipe: St et i nbindonall: s ey 2.1. Reichstein Methad. The Reichstein method invalves
ma.r:_r_ ll;:lt!afl}g becaused of msulﬂil:!er::t ?mdpjrsracndmg the chemical catalysis of the substrate glucose to p-sorhital,
reganding the. wractume and. ‘properbes. o yiamin o followed by fermentation to produce t-sorbose using

Iimitntii_:tns on _pral_:luct_j:nn t:nndi.tinn.s. the cm_:nmen:i:ll Acetabacteraceae spp., in tum followed by a five-step reaction
production of vitamin C mainly involves extraction from
lemons, carrots, peppers, and other plants. In 1933, the Swiss
scientist Tadeusz Reichstein developed a chemical process for Received:  November 4, 2013
the industrial manufacture of vitamin C; however, this method Revised:  December 24, 2023
is cumbersome, labor-intensive, and expensive and causes Accepted:  December 25, 2023
environmental !:|=:||[1.1t'i[=n.'= In the 1970s, scientists from China Publiabedd; “January 11, 2004

oo WHps /pubs 0 s orgshannggandelmes bor oplions on hiw & egitmalely share pubhshed artcles

The conventional process of vitamin C production is based on
the "Reichstein method” and the two-step fermentation
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ARTICLE INFO ABSTRACT

Keywords:

Filter paper

Amorphous nanospheres
Self-zupporting elecorode
Hydrogen evolution reaction
Cheygen evolution reaction
OFT

Given itz superor structure, the abundanee of surface functional groups, and low cost, cotton fiber fltration
paper can be used as the support for hvdrogen evolution reaction (HER) and oxygen evolution reaction catalysts
[OER) instead of copper foam (CF), nickel foam (NF), or earben cloth {CC). Hersin, the chemieal plating method
was used to create thin self-zupporting electrodes based on eotton fiber filtration paper (FP). The Co-Ni-P
amorphous nancepheres can be uniformly dizpersed on the zelf-supporting FP due to its porous structure and
oxvgen functional groupe. The Co-Ni-P/FP electrods haz an overpotential as low az 125 mV for HER and 320 mV

for OER at the current density of 10 mA em ™ *. Additionally, according to density functional theory (DFT) cal-
culationz, the Co atom added to the Ni-P nancsphere can lead to conziderably more charge accumulation arcund
the Co and Ni active sites, which greatly encourages the HER and OER processes. The novel porous support, FP,
provides a fresh way the preparation of self-zupporting electrodes.

1. Introduction

with its high energy density, lightweight, and environmental kind-
ness, hydrogen is predicted to replace conventional fossil fuels as a
source of energy [1-4]. In recent years, one of the most effective and
environmentally friendly energy methods for producing hydrogen has
been electrocatalytic water splitting [5-7]. Electrocatalytic water split-
ting includes cathodic HER and anodic OER [5]. The HER, among them,
is essential for generating hydrogen with a high degree of purity [2,10].
Although platinum (Pt) and ruthenium (Ru) oxides are the most effec-
tive electrocatalysts for water electrolysis according to Volcano plots
because of its suitable Gibbs free energy for H* and *O0OH adsorption
and desorption, the commercial implementation of electrocatalytic
water splitting is severely constrained by the prohibitively high cost of
noble metal catalysts [11-13]. Therefore, it is essential to seek out cat-
alysts with low costs and grear efficiency.

The majority of research focus has been on the creation of low-cost,
high-efficiency electrocatalysts has garnered the majority of research
attention; however, a variety of other factors, such as the optimization of
the catalyst supporr. also affect the performance in pracrical

* Correzpending authors
E-mail addreszes: we:

2018@163.com (M. Wei), 1

72854

m.2023

1061 26.com (Q. Lu), xj

applications. The performance of the electrocatalyst will be compro-
mised by mass transfer and reduced conductivity when electrodes are
created using the conventional appreach, which comprises combing the
powder catalyst with a binder to make a slurry and coating the elec-
mode. Although the problem caused by the binder can be resolved by
employing CF [14], NF [15], or CC [16] as the support for in situ growth
of caralysts, doing so introduces additional Ni and Cu elements and is
thus only appropriate for the synthesis of specific catalyst materials.
‘When using CC as the support for in-situ growth catalysts, in contrast,
there are no element residues. bur the high cost has complicated
25]. H . compared with the aforemen-
tioned supports, the FP supports have surface functional groups that
facilitate the diffusion and depesition of elements and refrain from
introducing impurity elements. Therefore, FP can be thought of as the
potential electrocatalyst support due to its abundance of surface fune-
tional groups, low cost, renewable nature, and material suitability.
Besides, the researchers found that the amorphous catalysts out-
performed crystalline catalysts in the process of water electrolysis since
higher intrinsic activity and more active sites result from the disordered
structure [26-20]. Tang et al. prepared amorphous Ni-Fe-P-B catalysts

[ ialization [

glu_edu.cn (X. Han).
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Abstract In this work, a compound enzyme treated
coftton stalk chemi-mechanical pulp (CE-CSCMP)
that could improve the properties of wastepaper pulp
was investigated. Firstly, according to whether the
enzymes (cellulase, xylanase, pectinase and lipase)
could promote the mechanical properties of cotton
stalk chemi-mechanical pulp (CSCMP) paper, xyla-
nase, pectinase and lipase were selected to prepare
compound enzyme. Afterwards, the underlying mech-
anism of enzymatic treatment of CSCMP was eluci-
dated through the loss of cellulose, hemicellulose and
lignin. Single enzymes, such as xylanase, pectinase or
lipase. could only directly act on one substrate when
treating CSCMP, while non-enzymatic substrates
could impede the hydrolysis of the substrate. There-
fore, the exposure area of cellulose was small, and the
improvement of CSCMP paper strength was limited.

Supplementary Information The online version
contains supplementary material available at https://doi.
org/10.1007/s10570-023-05298-2.
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It is found that there was a synergistic interaction
between the three components in the compound
enzyme, leading to a higher hydrolysis efficiency
compared to that of single enzyme. Consequently, the
area available for hydrogen bonding on the fiber sur-
face was greatly increased, and CE-CSCMP obtained
the best paper properties. Finally, CSCMP were fur-
nished with wastepaper pulp, which resulted obvi-
ous improvement of the tensile strength, tear strength
and ring compressive strength of wastepaper pulp.
In conclusion, CE-CSCMP was a high-yield pulp of
non-wood raw materials with better performance and
could be used to improve wastepaper pulp.

Keywords Cotton stalk - Enzyme treatment -
Chemi-mechanical pulp - Wastepaper pulp

Introduction

As a major by-product of cotton, cotton stalk is mainly
used for composting, fuel and raising livestock, while
another part is directly burned or discarded in the
field (Kaur et al. 2012; Singh et al. 2017). The value
of cotton stalk as a biomass resource is not fully uti-
lized. Cotton stalks have received extensive attention
due to their fiber morphology. similar to wood fibers.
Mixing cotton stalk fibers with cement can increase
the strength of concrete and reduce the thermal con-
ductivity (Liu et al. 2022). The physical strength
and thermal stability of cotton stalk fiber/polyvinyl

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.

95



11 Thermoplastic collagen fiber films improved by bacterial cellulose
withhigh barrier properties

Industrial Crops & Products 202 (2023) 117034

Contents lists available at ScienceDirect

Industrial Crops & Products

journal homepage: www.elsevier.com/locate/indcrop

F1SEVIFR

Thermoplastic collagen fiber films improved by bacterial cellulose with S
high barrier properties

Shuo Yang™", Yifei Jl:ulg , Xin Jing®", Qijun Ding ", Jiang Lou ™

Xia Li*~" Shlyuu Zhu ™

* Key Lab of Paper Seience and Technology of Ministry of Education, Qilu University of Technology, Shandong Academy of Sciences, Jinan 250353, China
" Suate Key Laboratory of Biobased Material and Green Papermalking, Qilu University of Technology, Shandong Academy of Sciences, Jinan 250353, China

', Wenjia Han ™

ARTICLEINFO ABSTRACT

Keywards: Irradiated bacterial cellulose (mBC) was used to enhance the propertiez of collagen fiber (CF)-based food
c°==33_5n fiber packaging films to gradually replace plastic packaging materials. The structural differences between bacterial
53;3?_'91 celluloze celluloee (BC) and irradiated bacterial cellulose (mBC) were analyzed, and the heat sealing propertics, me-
Irradiation % i i i % Z 7 T ST

T fapestien chanical propertie: and barrier properties of CF-mBC films were im and . FTIR and

¥PS results showed that €F and mBE mainky have hydrogen honding and amide boad formation. The sddition of
mBC improved the thermal stability of the CF film and increased the heat seal performance, optical properties
and mechanical properties from 1 N/15 mm to 5.53 N,/15 mm, 82.45 % to 85.02 % and 44.54 MPa to 55.56 MPa,
respectively. In additien, the good barrier property of thiz composits flm makes it achieve grade 12 oil-proof
under — 9 °C to 100 *C oil temperature. Therefore, mBC reinforced CF film has a broad application prospect
in the food packaging field.

Mechanical properties
Heat sealing properties

2021}, In heat sealing, two films at a specific temperature and pressure,
the polymer film surface heating melting, the internal molecular chain

1. Introduction

As food packaging materials are related to human health and envi-
ronmental pollution issues, plastic food packaging is gradually replaced
by bio-based foed packaging materials (Asgher et al., 20 i
et al., 2019). Bio-based packaging materials have received widespread
attention by thei good bi ibility, and degradability
(Stark and M 2021).

Among the various bio-based polymers, polysaccharide-based, lipid-
based, and protein-based materials have good film-forming properties,
making them envi.ronmemal!y deg1:|dable packagmg materials (Abral
etal., 2021; Atea et al. 2 s L. 2021). In the food
packaging sector, thene ﬁi.rm are required to be loaded with certain foed
desiccants (to extend shelf life) and food ingredients (ro facilitate direct
handling) to form small bags (Bandyopadhyay et al., 2018; Ilhan et al.,
2021). As a food material, the packaging needs, and the storage and
transportation process, film packaging materials must have good per-
formance and muscular sealing strength to avoid food release in the bag
caused by external conditions (Ciannamea et al., 2018: Tihan er al.

active movement, intertwined action. After cooling, the two polymer

films internally combine and recrystallize with hydrogen and covalent
bonds to produce a sealed _]o].nt (Cortes-Morales et al., 2021; Huang
et al., ., 2019).

In previous reports, protein-based films have certain heat sealing
properties (Cortes-Morales etal., 20 slam er al., 2023). Among them,
collagen fibers (CF), mostly from animal dermal tissue, are natural
biopolymers formed by the polymerization of collagen into collagenous
protofibrils (Xu et al., 2020b). With goed degradability, biocompati-
bility, and film-forming properties, collagen fibers are well used in
biological and pharmaceutical, bicengineering and food industries (Jing
et al., 2022a; Xu et al,, 2020c). In particular, collagen fiber films are
widely developed and used in food packaging. Nevertheless, CF films’
poor mechanical properties, barrier properties, and heat seal swength
have reduced their application in the food industry. Blending other
biopolymers with collagen fibers is the mest common method to
improve the performance of collagen fiber films (Cao et al., 2020; Xu

* GCorresponding authors at: Key Lab of Paper Science and Technology of Ministry of Education, Qilu University of Technology, Sh Academy of Sci L

Jinan 250353, China.
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HIGHLIGHTS GRAPHICAL ABSTRACT

+ The fluorescent adsorbent had dual funec-
tions of adsorption and detection.
* The rewability of adsorbent was im-

” [ % Lok
ELAW poa L e e
[ L WacH }\qg
e oo
oo

proved by carbosxylation modification. Add GA
+ The incorporation of Carbon dots im-

proved the adsorption capacity.
» Real-time fluorescence changes can he

used to reflect the adsorption process. m

ARTICLE INFO ABSTRACT
Eclitor Diamnia Tarcela Ln ﬂﬂs work, fluorescent adsarhents that can efficiently detect and remove Fh** were developed by integrating the
d ami rodified carbon quan tum dots and carbooy]l-modified cdlagen. The adsorption properties of the flue-
Kyun rele: rescent adsorbent were further optimized and analyzed using a serles of response suniface experiments. The maxmum
Pannetesut aerged adsorption concentration for Pb** was 163 mg.g . The adsorption isotherms fit well with the Langmuir model, and
p,;am'i‘”“ detection and remaval the adsorption kinetics fitwith the pseudo-second-order model. The emission intensity of the fluorescent adsorbent
Callsgen fiber gradually decreased with the increase of the concentration of F** , and had a good linear correlation. In addition,
Carben dets the mechanism of detection and removal of P ' by flucrescent adsorbents was further demonstrated, The novel

three-dimensional struchured fluorescent aemge] canbeused & a promizsing adsorbent with goed adsorption concen-
tration and sersing ability for Pb* ", which shows great prospects in wastewater.

1. Introd uction

Pallution aof wastewater by toxic heavy metal ionsis a worldwide envi-
ronmental issue that has attracted moch attention (A, 2010; Carolin etal,
2017; Kumar and Chawla, 2014). Heavy metal ions are not biodegraded
and tend to accumulate in organisms and eventually enter the food chain
(Akpor and Muchie, 2010; Giani et al,, 2021; Zhang and Wang, 2020).

* Correponding suthar.
il axlebree: xisnshengdling@eluedu cn (Q Dingh.

it A ciwdolorg/ 10,1016/ scitotenv 2023, 161 959

Lead (Pb) is an important pollutant in wastewater mainly from ontreated
mumicipal waste, over-fertilized soil and deposition of industrial waste
a5 (Cheng and Hu, 2010 Khanetal., 2021). it has beenreported that coun-
tries around the world have melessed sbout 800,000 tans of Pb © intawater
and soil annually over the past few decades, Undegradable Pb** inwater
will not only harm the ecosystern but also seriously threaten human health
and safety through human contact and the amplification effect of the food
chain. (Chibowska et al., 2016; Kim et al,, 2014; Metryka et al., 2018).
Therefore, it is of great significance to develop a technology for rapid and
efficient detection and removal of P © in wastewater,

Received 26 August 2022; Received in revised form 30 January 2023; Accepted 30 January 2023
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ARTICLE INFO ABSTRACT

Keywords:

MXene

Bacterial cellulose
Anti-oxidation
Moisture-driven actuation
Mechanical robusmess

As an emerging two-limensional nanomaterial, TizCoTy MXene exhibits promizing applications in the fields of
energy, electromagnetic shielding, sensors and actuators. However, the structural instability and wulnerability to
oxidation of MXene limit it= application in meisture zelf-driven actuator. In thiz work, a compesits film of
meoisture actuator with a lamellar structure inspired by pearl was reported. The composite film consists of tannie
acid-modified Mxene and bacterial cellulose (BC). The synergiztic interaction between TA and MXene imparts

MXene with toughness and oxidation resistance, whereas the introduction of high wet/dry strength BC imparts
the composite film with high tenzile strength (243.5 MPa for dry strength and 173.4 MPa for wet strength) and
high fracture strain (7.4 %). In addition, the actuator is highly meisture sensitive with fast response (2.45 =) and
high cveling stability (more than 100 cveles). The results provide a strategy for the development of moisture-
driven soft actuators, and reveal the great promise of thiz meisture actuator for applications in soft bicnic ro-

bots and flexible arms, solving the current shorteomings of poor durability and low strength of MXene-based
actuators, establishing the foundation for a wider application of moisture actuator devices.

1. Introduction

The emergence of robotics has significantly promoted the develop-
ment of the intelligent sensing field, which has been widely used in
domestic [1], industrial [2], medical [3] and military fields ‘With the
rapid development of technology, researchers have cbserved the open-
ing and closing mechanism of the leaves in flytrap [5.6] and Mimosa
pudica [7.2], and investigated that chameleons can periodically change
their skin structure as a response to the environment [9]. All these
phenomena provide researchers with inspiration to design bionic intel-
ligent acruators. Flexible actuation systems are capable of converting

energy from external stimuli (e.g., light [10], electricity [11], magne-
tism [12], temperature [13 . humidity [15-17]) into mechanical
power, which has been widely used in actuators, robots [15], artificial

muscles [19] and active carrier [20,21]. Among them, flexible actuarors
driven by humidity gradients are eco-friendly and recyclable, Moreover,
water molecules are abundantly existing in the environment and
considered as a promising approach for energy conversion.

Recently, various materials have been used to build smart actuators,
such as 2D carbon-based materials [22 23], hydrogels [24-26], liquid
crystal elastomer 1, polymers [28]. etc. Among them, 2D carbon-

* Correzponding author.
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based materials exhibit favorable machinability which make them one
of the most commeonly used materials for actuators. For example, the
typical 2D nanomaterial graphene oxide (GO) has been widely used for
the development of moisture actuators due to its abundant oxygen
functional groups [29-31]. Mu et al. [ eported a graphene meno-
layer paper with a gradient-reduced graphene oxide/graphene oxide
(rG0/GO) structure with reversible deformation capability. Jing et al.
[33] reported a film acruator composed of 2D GO and 1D single-walled
carbon nanotubes (SWCNT). Among them, these reports attempt to
endow the structure with both electrical conductivity and hydrophilicity
by adding another material (e.g., rGO and SWCNT).

MXene, known as a group of transition metal carbides or nitride
analogs, is a novel two-dimensional material, typified by TizCsT.
[34-36]. The selective etching of the MAX phase by HCL/LiF [37] gen-
erates abundant active terminal groups such as -F and —OH, endowing
Mxene with hydrophilicity and maintaining its high electrical condue-
tivity, rich interfacial properties, as well as favorable processability.
Smart materials based on MXene are considered as potential candidates
for the fabrication of moisture gradient actuators, For example, Xiao
et al. [13] demonstrated a flexible actuator based on gradient paraffin-
filled MXene films with good response time (0.3 s). Tang et al. [35]

: Received in revised form 10 December 2022; Accepted 5 January 2023
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ARTICLE INFO ABSTRACT

Keywords:
1 ion

Lignin nanoparticles

A wide range of applications are available for kraft lignin (KL). However, the dark color and wide size distri-
100 bution of KL make it challenging to use in cosmetics and nanoparticle preparation. In this study, we fractionated
FL from a paper-making enterprize using ultrafiltration membrane fractionation, and obtained four kinds of

55“"" FoAR. lignin with different molecular weights, namely ultrafiltration lignin (UL). Following that, lignin nanoparticles
Sun:c‘:s::’:mn [ULNPs) were formed by self-assembly from four types of UL Analyzing the UL and ULNP properties, the low

molecular weight lignin, such as ULA, exhibited good antioxidant properties (59.47 %, 5 mg/ml), high
brightness (I150% = 7.55), high L* value (L* = 72.3) and low polydisper=ity index (PDI = 1.41). The ULNP
chowed a narrow size distribution {0.5-1.4 m) and high disperzibility in sunscreen. When ULNP was add=d to
cunsersen with 5 % load, its sun protaction factor (SPF) value inersased from 14.93 to 63.74. Therefore, thiz

study offered an effective way for the comprehensive vtilization of pulping waste L.

1. Introduction

The rising consumption of traditional fossil fuels, along with growing
worries about environmental contamination, has attracted attention in
the high-value utilization biomass resources [1-7]. Lignin is an aromatic
polymer that is often regarded as the most abundant renewable source of
aromatic hydrocarbons, Lignin possesses anti-UV, anti-bacterial, and
anti-oxidant qualities, and it is alse natural, renewable, biodegradable,
and nen-toxic, giving lignin and its derivatives a high potential com-
mercial value [2-11]. Furthermore, lignin is rich in benzene rings and
ketone structures [12,13], making it an excellent choice for UV pre-
tection applications [14-16]. On the basis of this, lignin was investi-
gated as a sunscreen ingredient and was shown to be effective at
blocking Ultravioler radiation [17.18]. Kraft lignin (KL) is primarily
obtained from the sulfate pulping process’s black liquid [19]. Com-
mercial application of KL in sunscreen is problemartic due to its wide
range of molecular weight, complicated structure, dark color, and poor
dispersibility [20-22], it is essental to bleach KL to an acceptable coler.
On the other hand. the biocomparibility, amphiphilicity, and conjugated
structure of lignin nanoparticles (LNPs), make LNPs are one of the most

valuable lignin-based products for natural antd-UV sunsereen [23-25],
However, LNPs from KL are typically characterized by a wide size dis-
mibution in which some particles are even 1-2 orders of magnitude
larger than others. Therefore, reducing the color of lignin, narrowing its
molecular weight range, and preparing LNPs with a uniform size are
essential.

Traditional chemical bleaching is unsuitable for lignin color reduc-
tion since it intends to destroy the lignin structure as much as possible
7]. The UV absorbability of degraded lignin after bleaching is
difficult to maintain, hence it cannot be employed as a sunscreen
component. Lignin fractionation is a traditional method to reduce its
color and narrow its molecular weight range by aggregating the lignin
with specific melecular weight or chemical characteristies with a certain
way [22.29]. Zhang and co-workers whitened the color of lignin via
solvent fractionation and subsequent acetylation to resolve this prob-
lem. The celor of lignin was whitened by 313.5 % with a two-step
treatment method. This method is beneficial, and a successful prepara-
tion of a light-colored lignin-based sunscreen with good UV absorb-
ability was accomplished. But as we know the organic solvent
fractionation of lignin destroys the soructure of lignin itself, and the

[26.
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Abstract As a human-computer interaction tech-
nology for the Internet of Things (IoT), non-contact
humidity sensors have been widely explored. How-
ever, traditional humidity sensors have become a
bottleneck in the development of flexible electronics
owing to their complex processes and non-degrada-
bility. Here, bacterial cellulose (BC) and MWCNT
were sequentially coated on paper to construct a
durable and highly sensitive bacterial cellulose/
MWCNT humidity sensor (BCNT). The BC endows
the paper substrate with dense structure and signifi-
cantly reduces the consumption of active materials
(6.7 tmes reduction). Further, the well-dispersed
CNT coating forms an interlocking structure with the
BC nano-network, which results in a high mechani-
cal strength (66.3 MPa). The maximum response of
BCNTO2 can be up to 94.5% (— AL/L;) under 98%

Hongliang Ma and Zhuging Liu have contributed equally
to this paper.
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RH. and the response and recovery times were 150
and 297 s, respectively. Moreover, the high humidity
sensitivity of the BCNT make it an excellent choice
for research and development of humidity sensors
for respiration detection, non-contact switching and
humidity localization.

Keywords MWCNT - Bacterial cellulose - Paper-
based - Humidity sensor - Respiration monitoring -
Non-contact

Introduction

In recent years, flexible electronics with sensitive
response to environmental changes are playing a cru-
cial role in smart electromes {Jiang et al. 2020; Xu
et al. 2020: Yang et al. 2021), robotics (Steffens et al.
2013: Wang et al. 2020b) and medical technology (Jin
et al. 2020; Kaspar et al. 2021). The emergence of
artificial intelligence has significantly promoted the
development of the sensors field (Chung et al. 2019,
Ghosh et al. 2020; Meng et al. 2020). Based on the
quaniitative measurements, sensors can be classified
into strain (Ma et al. 2020; Tang et al. 2020; Yong
et al. 2020), humidity (Cho et al. 2020; Ghosh et al.
2020; Lu et al. 2020), temperature (Meng et al. 2020),
pressure (Xiong et al. 2020; Zhong et al. 2021), and
gas (Dai et al. 2020; Wang et al. 2016). Hummdity 1s
a pervasive source of environmental stimuli free of
time and seasonal restrictions. Besides, as a common

! @ Springer
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ARTICLE INFO ABSTRACT

Keywords: Reazonable and efficient utilization of low-grade thermal energy in nature iz the cheies for sustainable energy
Bacterial cellulose development. We demonstrate a bacterial cellulose (BC) hydrogel thermoeell (TEC) based on BC elactrolyte
Hydrogel combined with carbon fiber paper and copper compoeite electrode sheets. The large specific surface area of
Low-grade heat harvast - C R o i ER

Tl carbon fiber paper provides a large number of active sites for thermoelectric ions, which drives the redox re-
Chemical reaction coupled action ingide the electrolyte and stimulates the chemical reaction between the electrolyte and the electrode. The

combination of the two chemical reactions significantly improves the thermoelectric performance of the ther-
mocell. The thermopower of the BC-TEC reaches 5.9 mV-K | at a temperature difference of 50 K. The TEC
consisting of G-units in series produces an open-circuit voltage of about 2 V and a peak power of 333 pW. The
TEG shows new potential and prospects in ambient thermoelectric energy ion by rationally designing the
power generation principle.

1. Introduction Au/Gr elecrode sheet to obtain a TEC with thermopower of 1.02

mV-K ', Studies have shown that porous carbon materials are ideal

The ubiquitous low-grade waste heat (geothermal, sunlight, indus-
trial pipelines, human bodies, etc.) stimulates the need for efficient use
of waste hear to convert it into valuable energy (T. Li et al., 2019).
Thermoelectric power generation devices based on the thermopower or
Seebeck coefficient have attracted much attention from researchers
(Chen et al., 2021; H. Li et al., 2021; Liu, Wang, et al, 202]). In
particular, thermocells (TEGs, —-mV-K™) with orders of magnitude
higher thermopower compared to thermoelectric generators (TEGs,
—pV-K™ )(Han et al., 2020; H. Li et al., 2022; Y. Liu et al., 2020).

Conventional TECs based on ionic conductors generate electricity
through ion transfer or redox reactions under the action of temperature
differences. When the TEC rebalances the redox reaction through ion
diffusion, electricity can be continuously generated based on a ther-
moelectric mechanism (Lei et al., 2021). The simple structure and low
production cost of TEGs make it ideal for waste heat collection. For
example, Pu et al. (2020) prepared a TEG with thermopower of ~1.2
mV-E ! using polyacrylamide (PAAm)-K34Fe(CN)gs as the hydrogel
electrolyte and titanium plates and titanium meshes as electrodes. Zhou
eral.(Vangecal., 2016) combined PVA-FeCl, s hydrogel electrolyte with

* Corresponding authors.
E-mail addresses: livzhuging@gluedu.cn (Z. Lin), hwj
! These authors contributed equally to this work.

1.2022.119789

hitpe://do:

electrode materials because of their high specific surface area, which can
increase the electrochemically active sites and help improve the ther-
moelectric performance of TECs (Hu et al., 201 etal., 2015; Wang
et al., 2019). Kim and Kang (2019) prepared TEC with Pe(ClO4)s,5 as
electrolyte and non-woven polyacrylonitrile-based carbon fiber sheet as
electrode sheet, which thermopower reached 1.7 mV-K 1. In addition,
Kang et al.(Lee er al.. 2021) used Pe(ClOs)y5 as the electrolyte and Pt
mesh/single-walled carbon nanotubes (SWCNT)/Platinum nano-
particles (PtNP) as the compesite electrode sheet to prepare TEC with
thermopower of 1.72 mV-K . Although the performance of TECs has
been improved by introducing carbon marterials, the development of
TECs with higher thermoelectric efficiency in combinatien with porous
carbon fiber materials is more in line with the current concept of sus-
rainable energy development and is more conducive to the efficient use
of waste heat to meet the energy demand.

Bacterial cellulose (BC), as natural polymer compounds cultured by
Acetobacter xylinum and available in large quantities through industrial
production, have the advantages of abundant seurces, low cost. biode-
gradability, and high liquid loading capacity. In our previous work, we

om (W. Han).
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ARTICLE INFO ABSTRACT

i T
NiCx04/Ni{OHM):
Hierarchical nanostructuras
Bio-carbon

Hybrid supercapacitors

The high-performance hybrid supercapacitor (HSC) with high power capability and stable eyclability is inten-
sively pursued as a next-generation energy storage device. Here, a kind of hierarchical NiC204/MNi{OH)z nano-
spheres, consisting of subunits of NiC,0, nanoreds and Ni{OH); heres, are E
hydrothermal method. The hierarchical NiCaO4/Ni(OH), positive el . bensfiting from the
synergistic effect of unique hierarchical structure and built-in electrie fields, significantly boosting electron
transmission capability and accslerating the ion/electron transfer rate, dels an 11 specific capacity of
668 Cg 'at] Ag ' Inaddition, the porous biomass-derived carbon (PEC) with the honeycomb structure from
pine petals as the negative electrode chows a remarkable electrochemical per exhibiting a specific
capacitance of 2497 Fg ' at1 Az | Az cuch, an assembled HSC of NiC,0,/Ni{OH).| |PBC bazed on hierarchical
NiC,04/Ni[OH), h positive electrode and PBC negative electrode display a conspicuous energy
density of 31.07 Whkg ', and a power density of 833.47 W kg ' at a maximum potential window of 1.7 V. This
innovative hierarchical engineering of double nickel-based composites with bio-carbon provides an advanced

vnthesized via a tws

enlightenment for high-performance H5Gs.

1. Introduction

The exhaustion of fossil fuels together with environmental concerns
have pushed the ever-increasing demand for a sustainable energy
paradigm [1.2]. However, new and renewable clean energy such as
solar, wind, hydropower, and geothermal energy are affected by natural

ges such as rerrain, weather, and day-night alternation, resulting in
unstable energy cutput, which limits its application in storage systems
needing sustainable energy supply [3]. Therefore, it is necessary to
develop high-efficiency energy storage devices with an uninterruprible
power supply The current electrochemical energy storage systems
are mainly batteries and supercapacitors, which can realize electrical
energy storage through the mutual conversion of chemical energy and
electrical energy [5.6]. Among them, lithium-ion batteries are widely
used in rechargeable energy storage devices, due to the features of high

energy density and long lifespan [7.2]. However, the drawbacks of the
high cost, low power density, and safety risks limit the development of
lithium-ion batteries [1,9.10]. On the contrary. supercapacitors with
great power density, excellent cycling stability, and rare capability are
regarded as one of the most potential energy storage devices in the
future [11.12]. Gurrently, supercapacitors have been used in small
electronic devices such as instrumentation, PDAs and smart watches, as
well as large-scale devices such as electric vehicles, marine and land
fans, and solar street lights [13].

The high-performance supercapacitor is highly dependent on the
design and optimization of novel electrode marterial. The nickel-based
transition metal materials have received attention as electrode mate-
rials for battery-type supercapacitors, storing charges through strong
redox reactions [14,15]. Among them, the NiC;0s and Ni(OH); have
revealed good potential due to their abundant valence states, high

* Gorresponding authors at: Shandong Provineial Key Laboratory of Processing and Testing Technology of Glass & Functional Ceramies, School of Material Seience
and Engineering, Qilu University of Technelogy (Shandong Academy of Sciences), Jinan 250353, PR China (M. Wei).
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ABSTRACT: Humidity sensors have been widely used for
humidity monitoring in industry and agriculture fields. However,
the rigid structure, nondegradability, and large dimension of
traditional humidity sensors significantly restrict their applications
in wearable fields. In this study, a flexible, strong, and eco-friendly
bacterial cellulose-based humidity sensor (BPS) was fabricated
using a two-step method, involving solvent evaporation-induced
self-assembly and electrolyte permeation. Rapid evaporation of
organic solvent induces the formation of nanopores of the bacterial
cellulose (BC) surface and promotes structural densification.
Furthermore, the successful embedding of potassium hydroxide
into the sophisticated network of BC effectively enhanced the
sensing performance of BPS. The BPS exhibits an excellent

humidity sensing response of more than 10? within the relative humidity ranging from 36.4 to 93% and strong (66.4 MPa) and high
flexibility properties owing to the ultrafine fiber network and abundant hydrophilic functional groups of BC. Besides being strong
and thin, BPS is also highly flexible, biodegradable, and humidity-sensitive, making it a potential candidate in wearable electronics,

human health monitoring, and noncontact switching.
KEYWORDS: bacterial cellulose, humidi

sensor, biodeg

1. INTRODUCTION

In recent years, the potential a})}:{l’lcatiuns of flexible electronics
in the fields of energy storage, ~ human health monitun’ng.“"
and personal thermal management'_'_g have attracted much
attention, simultaneously influencing the lifestyles of human
beings. The emergence of the Internet of Things (loT) has
also expanded the demand for sensor applications in daily
life,""" Smart sensors can be divided into pressure.”“
strain,"® " temperature, el g.’-:mx,::'l1 and 1'11.1:1111:1'1{:}?1q 2% based
on their basic sensing functions. Among them, humidity
sensors as a humidity detection tool can convey the comfort of
the living environment and reflect human health information in
real time. Furthermore, noncontact control utilizing the
changing humidity field in the environment can significantly
reduce equipment wear and tear and bacterial cross-
contamination.”” However, the stiffness and large thickness
of rigid ceramic or metal oxide-based humidity sensors”
tremendously limit their wide applications, Thus, reasonable
material selection and structural design are highly desirable to
enhance the flexibility and extensive use of the device in the
smart wearable field. Typically, flexible and transparent
insulating polymer substrates combined with conductive active
materials are considered to be the ideal substrates for the
design and scalable fabrication of cost-effective humidity
A variety of polymers have been developed to

SENS0TS.

@ 2022 American Chemical Sodiety

4 ACS Publications 3165

dable, stromg, respiration monitoring

fabricate flexible humidity sensor Flatfurms. such as poly-
ethylene terephthalate (PET)' ¥ polyimide (r1),* and
polyethylene (PE).* Despite the impressive advances, most of
the above materials pose tremendous pressure on the
environment owing to the undegradable substrates. Hence, it
is highly imperative to develop an environmentally effective
strategy to fabricate multifunctional humidity sensors with
satisfactory flexibility and high performance.

Cellulose, the most abundant organic material on earth, is
considered to be an ideal scaffold for the fabrication of
humidity sensors and wearable devices due to high
biocompatibility, biodegradability, and abundant hydrophilic
groups that inherently exst on its surface.”® In recent years,
with the pursuance of material strength and structural
refinement, many studies have been dedicated to the
fabrication of nanocellulose for humidity sensors. Currently,
nanocellulose-based humidity sensors are mainly concentrated
on films,”*™"" gels,"" and nanocellulose-filled composites.”
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ARTICLE INFO ABSTRACT

Keywords: The application of industrial kraft lignin iz limited by itz low molecular weight, dark color, and low solubility. In

Lignin thiz worlk, an efficient crosslinking reaction with N, N-Dimethylformamide (DMF) and 1,6-dibromohexane was

Muenike welght proposed for adjusting the molecular weight and color of lignin. The chemical structure of alkylation lignin was

Enlor sedurtion cwstematically investigatsd by gel permeation chromatography (GPC), ultraviolet spectroscopy, Fourier trans-
form infrared (FT-IR) sp py, and 2D het lear zingle correlation nueclear magnetic reso-
nance (H50QC NMR] spectra. After the alkvlation modification, the molecular weights of the lignin were increazed
to 1643%. The resinal (f-f), fraryl ether (f-0-4), and phenyleoumaran (i-5) linkages were still the main types of
the linkages. The formation of p-f linkage would be inhibited at high temperatures. The color reduction of lignin
can be attributed to the low content of chromophores and low packing density. This alkylation lignin will be a
new and general h for lopi lecul ight: rolled and light-colored lignins, which can find
more applications in cosmetics, packing, and other fields.

1. Introduction which can destroy the structures of dye molecules. There are many

Lignin, one of the three major components of lignocellulosic biomass
[1-6], is the largest natural source of aromatic compounds accounts for
15-40 wr% in wood [7-9], only 2% of lignin is used to produce high
value-added products [10-15]. The conversion of lignin into chemicals is
an effective way to promete the sustainable development of the paper
industry [16-19]. The dispersant is one of the important applications of
lignosulfonate and sulfonated alkali lignin. The traditional naphthalene
and phenol dispersants were produced from fossil fuel, which provides
more than 95% of the organic chemicals for human beings and lead to a
series of defects including high toxicity, high cost, and high energy
consumption [20,21].

Lignin-based dye dispersants have higher economic benefits, energy
conservation, and high-temperarture stability. However, the low molec-
ular weight. dark color, and low sclubility are still hinder the wide
application of lignin-based dye dispersants. The lignin with low mo-
lecular weight has not only a darker color but also a higher activity
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strategies to contrel the molecular weight of lignin, such as ulmrafiltra-
tion [22], gradient precipitation [16,23,24], organic solvent multistage
separation [25.26], enzyme induced free radical coupling [27.28]. and
gel-assisted filtration [29.30], ete. Among them, chemical crosslinking
could be the most common and efficient method to enhance molecular
weight [31.32]. However, the cross-linking reactions mainly take place
on the hydroxyl groups of lignin [33] and reduce the reactivities of
obtained lignins. Besides, the high melecular weight lignin has low
solubility and poor dispersibility. Therefore, it is quite necessary to
develop an effecrive method for contrelling the molecular weight and
color of lignin.

In this study, 1.6-dibromohexane, which has low toxicity and high
reactivity, was used to crosslinke the lignin via a typical nucleophilic
substitution reaction. N,N-Dimethylformamide (DMF) and K;CO3; were
selected as the solvent and acid binding reagent, respectively. As an
aprotic polar selvent, DMF is hard to give the characteristics of protons,
50 it is rarely solvated for negative ions. Nucleophiles can generally not

ifitust.edu.en (G. 8i).
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