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Conductive and durable CNT-cotton ring spun yarns
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Abiract A [ocle and origiml metbod was devel-
oped to (abricite [lexible conductive yams using
collon roving and carbon nehotubes (CHTS) The
CNTs were mssembled (o coltim moving and then
wrupped around by fibers through twisting during ring
igrnming. The obtained CNT treated collon yams
(CNT-CYs) ﬂiuwulpaa.lnh:trtll condiciivily aod
durshility properties. The CNT-CYs were analyred
wung scamning  electron microscopy  and  Haman
scnllering pectroscopy. The ebecirical conductivity,
mechamical property and Nexibility of CNT-CYs were
mvestigsted. The el show thal electnical reds-
tance of noving, twis and Hoear density of yam affect
the elecirical conduetivity of CNT-CYs. Combination
with CNTs increased the breaking strength of cotion
yvams. The electrical resistance of CHT-CYs was

Electronie supplementery materisl  The online version of
this mthwﬂmfﬂl{ﬂ?ﬁlmﬂ-lm T} com-
mins i i, which is availshle tn mthonized

M, Yang - C Fu - Z Xia - D Cheng - G. Cad (513

B. Tang - X. Weag

Waban Textlle Universizy, K=y Labommry of Textike
Fierand Prodoct, Misdsry of Edecasion, Wuhas 430073,
Chisa

e-mall guasgringcaf 06 163, c0m
B, Tang (=) - X, Wang
- for B Asiesinly D |‘

Geelong, VIC 3216, Ausmlls
e-malk bnmng@daakin sdums

Ponlished cmling: 10 May 2018

relatively sixble during sreiching sud human midions.
Muoreover, mo obvius changes in electricn] netidance
were found after CNT-C¥s were bent 100 times, The
CNT-C¥s possessed good durability o nepeated
wishing and ubrasion.

Keywards  Ring spinning « Carbon nsnotabe .
Cotton - Conypiaile yam - Electrical conductivity -«
Dharabibity

Introdection

Conductive fentiles have aftracied gresl sitention
recently due i their podential spplicetions in flexibla
mnd stretchable electronics, weamsble devices amd
electrunic sensom. (Wang el o, Wlba; Wang et al
2017k Wengretal, 2016; Yildiz et al. 20 16; Fenyg ot al,
2004), Compared (o traditional conductive matertsls
including metals and s=miconducton, Extles with
elecirical conductivity possess many special fesfures,
such 85 excellent fexehility, lght weight, recovershis
deformation and washabifity (Cai o ol 20017h; Pang
ezl 2006; Paetal 2006 X et al. 7006; Zhang of al.
201 Ehoay et al. A016). Colton bers ore widely wed
in lextiles becsuse of their nutwral sofines, good
comdort, heat insutation, and high hygrscopscily (Cad
et nl, 200 Tay L et sl 2007h; Tong et 2l 2017; Fahid
el ul 2117). The sbundant hyidoay]l groups on the
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Conduchve Cotton Fabrics for Motion Sensing and
Heating Applications
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Abstract: Conductive cotton fabric was prepared by coating single-wall carbon nanctubes (CN'Ts) on
a knited cotton fabric surface through a “dip-and-dry” method. The combination of CNTs and cotton
fabiric was analyred wsing scenning electron microscopy (SEM) and Raman scattering spectroscopy.
The CNTs costing improved the mechanical properties of the faboc and bnparted conductivity fo
the fabric. The electromechanical performance of the CNT-cotton fabric (CCF) was evaluated. Strain
sensors made from the CCF exhibited a large workable strain range (0-1000), fast response and
great stability. Furthermore, CCF-based strain sensors was used to monitor the real-time human
mations, such as standing, walking, ninning, squatting and bending of finger and elbow. The CCF
alap exhibited strong electric heating effect. The flexible strain sensors and electric heaters made from
CCF have potential applications in wearable electronic devices and cold weather conditions.

Keywords: conductive fabric; electromechanical performance; strain senaing: electric heating fabric

1. Introduction

Flexible conductive materials have attracted conssderable attention recently due to their potential
applications in wearable displays, electronic sensors for human motion and electrically driven
heaters [1-7]. The most commaon flexdble sensors are generally fabricated using electrically conductive
metal nanoparticles or nanowires, metal thin films, carbon nanotubes and graphene [B-15]. Although
these sensors are electrically conductive and have high sensitivity, they have 2 small range of workable
strain, which Hemits their practical applicabions. Some key factors need to be considered in designing
sirain sensors, such as a large strain range to mondtor the human motion, rapid recoverable deformation,
high sensitivity (high gauge factor (GF)) and fast response [16]. Tt is still a challenge to prepare strain
senaors with a large workable strain range and high sensitivity.

Conductive textile materials (CTMs) have been widely used as flexible wearable devices because of
their light weight, good fexibility, high stretchability and recoverable deformation [17-27]. Moreover,
the CTMs possess high strenpth, pood tear resistance, and excellent flexibility and comfort attributes.
The response mecharam of CTMs-baged strain sensory ig that the resdstance changes with stretching,
which can be explained by changes in the fabric’s geometric strichere and associated contact points
betwesn fbers and yarms within the structure, A number of strategies have been developed to prepare
CTMs with sensing performance [21,23-32]. Por example, reduced graphens oxide was combined with
cotton to fabricate flexible sensing fabrics [17,20]. Nevertheless, these sensors from ondinary cotton
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Study on the Bending Fatigue Fracture Characteristic of High
Performance Fibers

Meng-Yun Yang, De-Shan Caen, Wen-Bin Li, Guang-Ming Cai’
Ceollege of textile, Wuhen Iaxtile Univarsity, YangGuang Avens, Wuldan, 430073, Hubsi, China
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Abstract

The damage of high perfomance fibers ocours eanly in bending fitipue. In dhis paper, we discussed the effact of
pre-tension and bending angls on the bendmz fatimne fracture chametensoe of high performance fibers through a
wew fatisue testing method. The sxperimeaial eiulis odicated that (ke Gachue chavactensbc of Oers are differenl
st diffarent ro-tension and banding angle. The morphelogies characterdste obtined Brom the optical spparatns can
be wrad to explain the hending failure mechanizms of hizh pecformance fihars.

Keyrords: Hizh Performanes Fibers; Bending Fatgus: Frachure Charactenste

1. Imtroduction

High performance flexble fikers such az aramud, PBO, and UHMWATE fibers have hizh strenzth, hizh modulas,

znd high temparamre resistant properies. They are widaly used 1 various mdasties. such as the military,

zerozsutics, and asrospace. However, I'.hebendmgsh'mgﬂ:l. shearng strength and shearine modulus of high
perfommenee fiters are comparatirely low [1], which could greatly hmit applizations in various felds [2]. Pravious
studies show that high performance fivers exhibit emcellent tspsile sivengths and high modulus, however, the
compressive and sheanng strength and modulus are comparasively low [3-5]. An important maethod to dhestrate the
kanding property of fiber i banding fatizue tas [6], which test fhe major deformstion czused by the banding forea

In this paper, a new equipment developed bv suthers [7], whick can perform the beadizg fatizue test under given
tending angle, pre-tension and frequency. The bending fatipue fracture characterisBe of sngls high performance
fiber 15 measured and observed by a microscope. The pwpose of this study was to wreshzate the effects of
pre-tension and bending angls on the bending fatizue factwe characterisic of high perfomance fibas using this
mevy cpparatus.

2. Experimental

1.1 Testing Apparatus

A pleto of & new bending fatizue test spparates used 1n ths stedy 1= shown in Fig L. Fig.l dusplays the details of
the banding system which includes the follewing parts: the 1) upper jaw, 2) positioning pin 3) Iower jaw, 4)
mnming plaze, ) micmwscope, §) CCD camera, 7} teoperahoe sensor, 8} heater and ) foree sensor. The jaws e
w=pd fnrlamn fiker sammlas The nesitamins min iz naed o hald the Shar and fix the handing nnint imder hemdine
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Durable UV-protective cotton fabric by deposition of multilayer
TiO; nanoparticles films on the surface

Deshan Cheng, Mantang He, Guangming Cai, Xin Wang, Janhus Ran, Jibong Wo

D American Coatings Association 28

Alsired  Durable wiraviolet (UUV)-protective cotton
[a'hﬂc has g m@pﬂmﬁan potential in outdoor cotton
study, tely charged Tily

nmnp&ﬂr.'ks were ontn  cofton  f2bric
through the layer-by-layer self-asembly technique,
ru.tﬂlin%: mltitayer films with UV-protective prop-
mechaniam of the techology has been
I:wﬂj,pud through characterzation of the structure
using differemt technigues including

FITR, -Vie spectroscopy, and a scanning- ebectron
microscope with an en.arﬂ-d]spa!dﬂe X-ray spectrom.
The results showed that Te0: nanoparticles distribated
uniformly on the surfsce of cotton fibers. The TGA
results indicated that the TiCk: nanoparticles deposit on
cotton fabrics had linke effect on the thermal stability
of cotton fabrice The tenile sirength and air perme-
ability of the cotton samples were tested by & universal
material teating machine and antomatic ventilation
instrument. The UV protection property of cotton
fabric after assembled multilayer films was measored
by an ultraviober rammittance analyrer, amd the
lsundering experiments were carried out to determine
the durability of TiO: nanoparticles on cotton fabric,
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Keywonds  Ti0y, nanoparticles, Cotton fabrec,
LbL self-amsembly, Multilayer nanocomposite films,
UV protection property

Introduction

W brradiation canses severe damage o cotton fabric in
terms of eolor, mechanical strength, and human physi-
ical comfort.” To make the case worse, the says at
the wavelength of L'V A (3154600 nm) and VB (380~
315 nm)) have harmiul effects on homan akis, resulting in
suvburn, allergies, and even skin cancer.” However, the
altraviolet protection factor (UPF) af cotton is oo low
o prodect wearers against UV irradistion Conse-
quently, improving the UV protection riies of
mmﬁhbhah?;ajordﬂlbngeiurhsw of
cotton when the produocts are subject to severe LIV
brradiation. Metal onide nanoparticles have brought 1TV
on properties (o cotton fabric, and increased
research attention has been put in this srea. Among the
meial oxide nanoparticies, titanium dioxide {Ti0y) ks the
modl populer candidate used in UV-protective textiley
due 1o its excellent physicochemical pro e, chem-
ical stability, soatoxecity, ansd bow cost.™ " Immobiliza-
thosmy of THOL, panoparticles on the surface of cotton fabric
Is the psual method 1o serve ths and several
Lec have heen ex d o v the coattngs on
Ia.i::;hrju?ﬁmbeﬂ_ 'I'hﬁemnqlw inchude dip ﬁm
g, atomic layer deposition, ' mini-emulsion poly-
merization,’  hydrothermal  method,”  in tlm
Muﬂuﬂs.'" and layer-by-layer self-assembly,’
The LbL seli-assembly technngue i environmentally
benign, relatively fast, and simple, and no éxpencive
equipment or organic solvents are lnvolved.
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Growing ZnO Nanoparticles on
Polydopamine-Templated Cotton Fabrics for
Durable Antimicrobial Activity and UV Protection
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Abstract: This work aims to develop durable functional cotton fabrics by growing rine oxdde (Zn0)
nanopearticles on polydoganine (FDA) templates. Znl) nanoparticles wese grown on the FDA-temgplated
cotton fabrics by the hydrothermal method at room temperature. The surface morphology, chemical
composithon, and crystalline sinachure of the ZnO-costed cottom fabrios wene characterized by scanming
elertron microscops (SEM) with enengy dispersive X-ray analysis (BDX), X-ray diffracton (XRD),
and X-may photoebectron spectroacopy (XPS). The: Zn0 nanoparticles were found to disperse evenly
on the sasrface of cotton fabrics. The ultraviolet (LTV) protection Sactor (UPF) value of the ZnO-coated
cotton fabrics was maintained at 1225, and %% reduction in bacterial koad was observed apainst
Gluconolacter corirus even after five cydles of laundering. The FDA was found to be effective in fixing
the Zri) seeds tightly on the surface of cotton fabries, resulting in excellent durability of the coating of

Zn0) nenoparticles.
Keywords: Zn0 nanoparticles; polydopamineg; cotton fabrics; antimicrobial; UV protection

1L Introduction

Functionalization of cotton fabrics is necessary in developing protective clothing and performance
textiles [1]. There are many methods by which to functionalize the surface of cotton fabrics, such as
couting [2], plasma treatment [3], surface modification [4], grafiing [5]. and growing of nanoparticles [5].
The most common method is impregnating nanoparticles on the surface of cotton fabrics to endow
special properties. Zine oxide (Zn0] is one of the most applied metallic oxddes with high stability,
nontoxicity, wide-band-gap semiconductor properties, and low-cost synthesis. It has been applied to
endow new functions an textles, such as antimicoobial activity [7], UV protection [4], self-cleandng [9],
and superhydrophobictty [10]. Several methoda have been developed o immobilise nanoparticles
on the surface of cotton fabrics, including sol-gel [11]. pulsed laser deposition [12], ultrasound
irradiation [13], self-assembly [14], electroless deposition [15], and hydrothermal methods [16-18].
Among these methods, the hydrothermal method is widely used because it is simple and no special
equipment is required, and the good dispersion of nanoparticles can be expected  The resulting
ranoparticles from this method have good growth orentation with the morphology controltable
by varying the hydrothermal conditions. However, seeding of Zn0 on cotton fabrics requires the
pad-dry-cure method, in which high temperature is wsually applied [19]. The original properties of
cotton fabrics will be deteriorated after high temperature treatment and the treatment itself is not
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ARTICLE INFO ABSTRACT
ARTICLE INFO ABSTRACT
Keywords: The concentration of tetrahydrofuran (THF) was used to regulate the pore morphologies of PU films using a
Polyurethane THF/N,N-dimethylformamide (DMF) binary solvent. Macro-void, micro-pore, and potential inter-connected Keywords: A flexible and effective substrate for surface-enhanced Raman spectroscopy (SERS) detection has been developed
Binary solvent pores are classified according to the cross-sectional FESEM images. Corr ding pore forming mechanisms are Triangular silver nanoplates by dip coating of triangular silver nanoplates (TSNPs) onto cotton fabrics. The morphology, chemical compo-

Pore morphology
Water vapor permeability

Cotton fabrics sition and crystalline structure of the coated cotton fabrics were characterized by scanning electron microscope

SERS' . (SEM), ultraviolet-visible spectroscopy (UV-vis), X-ray photoelectron spectroscopic (XPS) and X-ray diffraction

g:mba‘:y(;thmpheml (XRD), respectively. These results confirmed the presence and well dispersion of the TSNPs on the surface of
cotton fabrics. p-aminothiophenol (PATP) has been used as the probe molecule to evaluate the performance of
the coated cotton fabrics as a flexible SERS substrate, and the PATP in diluted solutions can be detected with the
concentration as low as 10~ ® M. The results indicate that the TSNPs-coated fabrics exhibit sensitive SERS signals
with excellent reproducibility and stability. The flexible SERS substrate has been demonstrated to rapidly detect
carbaryl pesticides on fruits.

proposed. The water vapor permeability (WVP) was linked with total pore areas of different kinds of pores.
Mechanical properties as a function of THF concentration was also investigated. Optimized PU coating could be
achieved at a 40wt% THF bearing the tensile stress, strain, toughness, and WVP of 9.2 + 0.6 MPa,
1063.7 = 57.1%, 43.6 = 3.8MJm~ >, and 1894.3 = 41.3gm ™ *day !, respectively. This provides an alter-
native avenue for the production of PU coating with balanced mechanical property and WVP.

1. Introduction

PVC plastisols, polyacrylates, and polyurethanes (PU) are used to
coat textile and synthetic leather on a large scale to alter their physical
and haptic properties. Among which, PU is the only choice that fulfills
particular requirement for permanent resistance to creasing at low
temperatures [1,2]. Presently used coating for textile industry is the PU
solutions in N, N-dimethylformamide (DMF) via phase inversion
method [1], such as solvent evaporation, thermal precipitation, and
non-solvent induced phase separation. Of all these techniques, non-
solvent induced phase separation (NIPS) is a simple and one of the most
popular film formation methods for preparing various film morpholo-
gies [3]. As described by several authors [4,5], the polymer solution
could separate into a polymer rich phase and a polymer lean phase
when the solution was immersed into nonsolvent during NIPS. As more
solvent leaves the polymer solution and nonsolvent enters the polymer
solution, a porous film was formed. It is known that the morphology of
PU films influenced by several parameters including the type of solvents
[6,7], the composition of non-solvents [5], and the film formation
conditions [5]. In the NIPS process, the inevitable macro-voids formed
inside PU coating due to fast solvent exchange deteriorate the me-
chanical property of the coating and thusly are highly desired to be
avoided [8]. Besides the sufficient mechanical property, the wearing

comfort is another main objective for PU-coated textile and synthetic
leather which is tightly associated with their water vapor permeability
[9]. Yang et al. [4] described the fabrication of polyurethane porous
films with controlled morphology and excellent permeability using
water micro-droplet as coagulant. Cross-sectional morphologies of PU
film demonstrated that the reduced exchange rate between the solvent
and nonsolvent resulted in an uniform porous structure. Boon et al. [10]
fabricated hollow fiber by adding polyvinylpyrrolidone (PVP) into
polyethersulfone/N-methyl-2-pyrrolidone ~ solution. The resulting
sponge morphologies confirmed that the macro-molecular additives
could suppress macro-void formation by delaying demixing. Kuo et al.
[11] fabricated polyvinylidene fluoride microporous membrane using
alcohol as coagulant, which resulted in a delayed demixing with re-
duced amount of macro-voids. Thusly, the precipitant diffusion rate
into casting solution determines the final morphologies and mechanical
properties of PU films.

In this work, NIPS method is adopted to regulate the pore
morphologies of PU coating by varying the weight percentage of the
phase separation retarder, THF, which also acts as a co-solvent with
DMF. Increased THF weight percentage is effective to reduce the macro-
voids. Corresponding mechanical property of final PU film is sig-
nificantly improved by the improved breaking strength and toughness
up to 11.6 + 0.7MPa and 62.4 + 4.4MJm™ > respectively.
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1. Introduction

As a powerful analytical technique for detecting molecular species
on surfaces, SERS is sensitive, accurate, trustable and repeatable, with
application in materials science, surface science, biological and medical
testing and diagnosing [1-5]. The determining factor for SERS is the
active surface that decides the intensity and repeatability of SERS sig-
nals. Metal nanoparticles exhibit strong enhanced Raman scattering
effect, and the preparation of nanostructural surface from them has
been an important challenge for SERS [6-8]. TSNPs have been ex-
tensively studied as the substrate for SERS due to their strong SERS
performance [9-12].

Currently, TSNPs for SERS substrates are mainly in the form of self-
assembled nanoparticles. In order to enhance the SERS performance
with stability, nanoparticles are usually piled up to form a membrane
on the substrate [13]. A SERS active surface was usually formed from
metal nanoparticles on a solid substrate, such as silicon [14], copper
[15], quartz [16] or glass [17]. The flexible SERS substrates are more
favorable in application as they have good mechanical properties with

well-covering effect and large surface areas. TSNPs have been applied
as flexible SERS substrates with flexible matrices, such as filter papers
[18], egg shell [19], graphene oxide [20] and textile fabrics [21].

Textiles are promising flexible SERS substrates for adsorption and
diffusion of probe molecules with strong Raman signals due to their
mechanical flexibility, porous structure, large specific surfaces and
permeability. Liu et al. prepared SERS substrates through in-situ
synthesis of gold nanoparticles on silk fabrics, and the SERS perfor-
mance was discussed [22]. Qu et al. fabricated SERS cotton swabs by
assembly of Ag-NPs with a detection limit of Rhodamine 6G (R6G) at
8.1 x 10~ '*M [23]. Zaffino et al. presented a silver colloid on wool
fibers to obtain Fourier-transform surface-enhanced Raman spectra (FT-
SERS) of natural historical dyes [24]. However, there are no reports on
the application of TSNPs as a flexible SERS substrate.

In this study, a flexible SERS substrate was prepared by self-as-
sembly of TSNPs on cotton fabrics. The morphology and structure to-
gether with thermal stability of the TSNPs-coated cotton fabrics were
characterized by SEM, UV-vis, XPS, XRD and TG. PATP was used as the
probe molecule to evaluate the sensitivity, reproducibility and stability
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3D Printing of Silk Fibroin for
Biomedical Applications
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Abstract: Three-dimensional (3D) printing is regarded as a crfical technological-evolotion in
the 3D printing technique applied in biomedical Geld is applicable bioink. 3ilk fbooin (5F) is weed
as a biomaterial for decades due to its remarkable high machinzhility and good biocompatibitity
and bicdepradability. which provides a possible alternate of bioink for 3D printing. In this review.
of celHloading 5F based bioinks were comprehensively vi d from their physical properties,
m]mm.wmxmm,hmmmm%chﬂf
‘based bicink for 30 printing are given. This review provides a reference for the programmable and
muliiple processes and fhe further improvement of silk-based biomaterials fabrication by 3D
printing.
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Facile preparation of bioactive silk fibroin/hyaluronic acid hydrogels ;‘;
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1. Introduction

In recent years, three-dimensional {30 prinkng is 2 promising srategy fo the biomedical Seld
and it is regarded as a future altemative to ourent clindcal treatment=. Mot only that it can alleviate
haﬁﬁdﬂmmﬁmﬂﬂmﬁgznﬁj&hﬁﬂmﬂud&ﬁgﬂmﬂp@n:zcmﬂw
microstruchures  according fo reconstruction of tissue engineering requirements [1-3]. More
mm,amsﬂﬂmdmpﬁﬂﬁghmhmhmawdhﬂﬁmmd
technology is ready for tissue repair and tansplantation [4-6]. Bioink as a core of the 30 printing 1=
ﬁth:yh:!sums:-ful: mpd:ﬂi::gpwndnch.ﬂpcdﬂuﬂf,hiuinksh:dhg:\cﬂa E:wﬂ'l.f.l:l:mﬁ,:rhi
cu.==fmﬁrappﬁxaﬁmsmsﬁﬂhﬂzzu}?ﬂhgphmpﬁ:ﬂi\g.miﬁsmmgmlmdh
seek an appropriate material as bicink for 30 printing.

Bioinks are cell-encapsulating biomaterials that are used in 30 printing process and they must
h&imﬂyhbﬂﬂipﬁnﬁngprmﬁ:mﬂﬂcﬂlmhmﬁ.ﬂmﬂ,mdn}himﬂﬂia&m
hmﬁdﬂhmhgnqﬂmmbﬂiﬁgﬂﬁnﬁhmﬂnﬂ:hmﬁng:ﬂ&hﬂcmmuﬁm
tissue enpineering [B]. In fhe Seld of Hssue engineering, the three shrategies that were used to replace
m'wpmn:h:nlmmimgodh,nrlnh:uﬁ. nr:eﬂmﬂmhhﬂz:-mnhrtmghmpaﬁiﬂz
mn&mﬂyhmdmhmtwm:mbmzhmuftmgﬂamﬂ
Izu.n.m.'lf:nz'l:-[‘g] T!:nu.m:}u.dmgnmrh’nq,wm.p:ﬂ&ih.{? hn:.chwhr .Eae:—sta‘ulmg,md
mnihmmﬂupm—uqunmﬂﬂ:xbd Fu:npﬂ:h.ﬂ Dfﬁ:hnmﬂﬁen;l.ﬂahmnk_Aﬂd.ﬂ:nruﬂy
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Artick higory: Proeins and polysaccharides ape primany comp n | soft memse. In this study, we da
Fortwrd 15 Al 20 rapid hyeirmged o e e T e exmracellutar marr: via stk brein |SF) and hysornic scid (HA) bland hy-

Ercptwed bs sewised Bvn 18 fuse 2010

droged SFAHA Nydregel was prepared effectively, and its formation rime was shorted, Wath the Incresss of HA

A 2apid 0 sl TR mmum prinn, pomstny and gt of the hydrogel incrasad, while Sydrophilic of

A T e NI was enhanced d by contact angle decresing. Expacially, the SEHA hydmged

- mamﬂssmmmmwummmmm

Xk Elbtrin i af the cmpos s maanty. STUCTE and ¢ the sl momber of B-sheets

Hyalurnn s mmmmmwnmuHﬁmmnmmrmmmmmu

el the composite el was about 80 at day 40. And the mass ks of the hy m.:hed pp ,'.rn:
[E —— I vt degradation, I vive, the SFYHA hydrogeis p good hisio:

Lirug reiaoe Tikoer Tisme WhET WerE d suhe dwmmmmma

new approach to e di-hased for 0 thssoe
€ 30 Elsewier BV, All rights reserved,
1. Introdsction retention and bioactivity sites [9,13]. which allows small moleoales in

The us= of biocompatible bydrogel to assist soft Heue repair has
great potential for in biomedical field [1,2] A compaosite ged with pro-
t=ins and ghonsaminoghycans is attracted mone attention which conld
miimic maindy compoand and strocture of the heman nature soft bxsue.
However, the hydrogel clinic use is greathy Emited by its long gelation
time and unstable insolubility [3.4]. This challenge motivates the m-
searches o implore more. oovel Bydmogels 0 meet clinical
requirements.

Bomirn moni silk i= protein-hased natoral biopolymer consisting of
fibmous proteins fibnoin as the core and ghe-like proteins clled serdn
that surrounad the fibrmin Abers. To date, sk fitroin [SF) has been
wrichely mere] fior b fals due to s fing hiocompatible and
tunable degradation [3-5]. Recenthy, SF based hydroge] has received ex-
temsive abiention towand the appiication in tissee engineering and drug
defivery therapies [6-12]. Hyaluronic acid [HA, also referred to as
tryaharonan ), one compasition of the extracellular matrix, playsa vital
rofe in tissue regeneration and angiogenesiz. HA exhibited good bio-
compatible and promation of soff Hsase regeneration via ils water

* Cor firgg auhoe ol Koy L of Teasile Alber & Produs, Minisy of
Edhaartion, Wiiksin Tratile Unbersity, mu.m:mn China,
E-mmall whivenic charngy 1T304 1 D088 ELcmn (1, Thaagl

b kel e V0 D0 B e 200 RUE 130
1 A0 N § Bl B K] sighi feervel,

the hydrogel could be a good penetration and difusion, 5F and HA
blend hydrogels mimicking nature extracefhular matrix are cught to
good bicactivity of soft Sssue rebuilding. Also, SF/HA, bydnoged was eas-
iy creeslinkesd by chemical agenes and exzymes [14] and njected into
the spinal comd injury area oould inkibit the formation of glial scar
15-17
I ﬂhj;mdhmhn:ﬁhﬂlwwmmm
sitinn into Pl=sheets to form physical coss-linking in ageeous 5F solu-
tiom [18]. Yet, this process s wsually tme-consuming, and the
miechanical properties of the bydrogs] are di imtimg. For SF 5ol
bmdmmqmﬁﬁmm&mﬁﬂhﬁllkp
hhmtm:mﬂddqshwmhmrﬂphtdllﬂ}hmphp-
ical is sach 2% ing, somiction were explored foc
enkuncement sol-gel transition [ 219-24]. Reducing pH near to the -
electric point of 5F and adding surfactamt also could redooe the gelation
tme from a few howrs to 15 min [ 24,25], However, these hypdmgels tol-
erated pourly mechamical properties and wild processing with chemical
agents, which is detrimental to their use in regenerative medicine
Ther=fore, a facile and practical approach 1o build rapid 5F based hydm-
gl with good mechamical performance was an urgency nesd in silk-
‘based biomaterials.

In this shady, we developed a rapid hydroge] with silk fibroin and
hyaluromic acd by crosdinked with carbodiimide. The gelation time of
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Facile fabrication of silk fibroin microspheres via electrostatic
assembly
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Silk-based microsphere received remarkable attentions due to its npressive biocompatibility and
biodegradation in drug delivery system. However, its application was still limited by complex process
and un friendly chemicalagents using. In this study, we developed a noviel approach 1o pregare silk
fibroin nano or microspheres rapidly via electrostatic sssembly, We demonstrated experimentally that
the silk fibroin microdphers (SFM) with diameters ranging from (15 pom to 3 jim conkd be easily
fabwricated by combindng pH value adjustment and fow voltage electrostatic field. The production was
optintized 1o be a simple and highly repeatable process that did sot reguite sophisticated equipment
and chemical agents. SFM represented - helix strocture enriching and homogeneous norphology, as
well as improved dispession and controllable sive by regulating the silk fibroin concentration. The
SFM demonstrated concentration-dependent drug release behavier with about 75% sccumulative
release ratioat days. Thus, this SFM with high prodaction efficiency and promise features provided 4
new drog carrier and substinme in control releass field.

1. Introduction

Microsphenss provide a predictable opportunity for regenerative medicine and life soence, such as drg defivery
systerms, ool culture carriers, and enryme carriers | 1-3). Especully, microspheres are gaining increasing
attentions as drug delivery system due to its effi Gency and controflability [4, 5] Up to sow, many kinds of drug
emulsification methasd, and nanopartides [6-10]. As 2 drug defivery vehicle, microspheres shoabd exhibit some
excellent performances, such as sufficient stability for function, excellent incorporation for drogs and green
process etc [ 11]. Considering requirements of microsphere and its fabrication, the protein material continoed to
be useful to prepare the nang or microspheres as promise applications in biomedicine feld

I recent years, silk fhroin as a natural polymer with a broad range of potential .lpyii:lnn'um'btﬂn.
advanced materzals, biomedical devices and drug delivery [12-15], which dependents on its
mechanical properties, good biocompatibility, bicdegradabalisy, qﬂluwsmﬁmnmutrmpnur_ Silk fibroin
microspheres (SEM) m;h@mmheﬁmhmﬂqdndﬁqm{m} Tthupectmnliﬂhd
many reseanches develop various methods to prepare SFM, such asph abion, em lvent
evaporation method, electrmstatic spraying, wd:mmdndl' iy []3’--:]].;  the barriers that
the microsphere prepared with complex proces and chemical or toxicnt agents hinder #zapplication m the
medical field of drug release. To overcome thedrawhacks, dmﬁddmmiplwpuimm the SFM
without chemical agents | 2 7). Under electric fields, the silk fibroin molecules were drafted and assembled into
nanoor microspheres. Although this approach mests & friendiy mild need of the 5FM preparation, the
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Polydopamine-assisted immobilization of Ag@AuNPs
on cotton fabrics for sensitive and responsive SERS

detection

Deshun Cheng - Xue Hal « Mantang He - Jihong W - Hongjun Yang «

Janhos Ran « Goangming Cal - Xin Wang ™
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Absiract Depositing  amisoropic  ooble  metal
manopertickes  with high um.ﬁn'aly and yield on
fNexihbe sl ix thee ol g factor for asrface
mnmm:sm:m In
this work, fexible, durable and semsitive SERS
substrates were fabricated by in sitn reduction of Ag
manopmrtiches on polydopamine temmplaied colton fab-
ik (CF) as catalytic hotspods 1o enhance the following
deposition of Au nanoparticles, The costed CF were
charscterized by scamning  elechron  microscopy
(SEM}. X-ray photelectron spectroscopy and X-ray
diffraction 10 anderstand the surface morphology,
chemical composition amd crystallme  structure,
respectively. The SEM images mdicaie that the

ticles are i i evenly on the CF

d-Mercaplobenmic &id (4-MBA) has been used as
the probe molecule o evaluate the sensitive and
reproducible SERS properties nl' the u—hlrﬂ.ud
SERS substrate. The aeprepared SERS
mdﬂuﬂrﬂullnqhmmlpﬂdﬁdmlmn
cucumiber, and carbaryl with the concentration of as
Tovw s 107 8 {020 ppm o] be detecied in ensure
Tood safety.

Keywords  Polyvdopernine  Cotton fubrics. AgNPs -
AuNPs - SERS
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O 1 s compoands e widely wesd as
peihl‘:llh ﬁ.l.:' iy thelr excellent insecticidsl perfor.
e {Worsk et al. 2078; Hisoock etal. 2015), which
has arised o big concern of food safery. Conventional
detection methods of these pesticides are commonty
performed with comples. mstrumentation soch as
chromatography (Kiljanek = al. 2016), Buocescence
spectrometry (Chen et al. 2001 5) and mass spevtrm:
elry (Bamba 2015), and require complicated sample
pretredtment process and long detection thme with
high cests {Lan et al. 2017 Xi and L 2015), Simple,
el time, repid and efficient methods of pesicides s
highly demamded. Swurface enhanced Hamen spec-
troscopy (SERS) is ooe of the most prooinent spectmal

] Springer

IRy

{hrmiral Exginoetng Soumal TO {TI) TOT

‘Comienis [ty avallable at ScienoeDisect

Chemical Engineering Journal

journal homepega: www slsevier. comilocstuloa)

In situ hydrothermal growth of Cu NPs on knitted fabrics through
polydopamine templates for heating and sensing
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Composite nanofiber membranes of bacterial cellulose/
halloysite nanotubes as lithium ion battery separators

Chenghao Huang - Hui Ji + Bin Guo - Lei Luo + Weilin Xu * Jinping Li -

Jie Xu

Received: 18 April 2019/ Accepted: 3 June 2019
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Abstract Composite nanofiber membranes compris-
ing bacterial cellulose (BC) and halloysite nanotubes
(HNTs) were prepared by vacuum filtration. The
tensile strength and ionic conductivity of the nanofiber
membranes were improved by the blending of HNTs.
The BC/HNTs nanofiber membrane with m(BC):
m(HNTs) = 150: 1 (denoted as BC/HNTSs-150) exhib-
ited superior tensile strength (84.4 MPa), high poros-
ity (83.0%), outstanding thermal stability as well as
good electrolyte retention (369% electrolyte uptake).
In addition, the BC/HNTSs-150 membrane delivered a

C. Huang - H. Ji - L. Luo - W. Xu - J. Xu (B<)
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College of Environmental Engineering, Wuhan Textile
University, Wuhan 430200, China

e-mail: 64421268 @qg.com

Published online: 06 June 2019

higher ionic conductivity (5.13 mS cm™") than that of
the BC (2.88 mS cm™') and commercial PP-PE-PP
(2.05 mS cm™") separators. The battery containing the
BC/HNTs-150 separator also showed better capacity
(162 mAh g~') and cycling property (95% after 100
cycles) than the battery using the BC separator,
demonstrating the BC/HNTs composite membranes
to be hopeful candidates used in high-performance
lithium-ion batteries.
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Purification of dye-contaminated ethanol-water mixture using magnetic |

cellulose powders derived from agricultural waste biomass
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ARTICLE INFO

ABSTRACT

Keywords:

Bacterial cellulose
TEMPO oxidation
Nanofiber membrane
Separator
Lithium-ion battery

In this paper, 2, 2, 6, 6-tetramethylpiperidine-1-oxyl (TEMPO)-oxidized bacterial cellulose (TOBC) nanofiber
membranes as separators of lithium-ion batteries were successfully prepared from a water dispersion of TOBC
nanofibers via a vacuum filtration approach. The TOBC membranes had adequate porosity and desirable affinity
with the liquid electrolyte and lithium electrode, giving rise to superior electrolyte uptake and small interfacial
resistance. Among the TOBC nanofiber samples, the TOBC1.0 membrane exhibited the best properties, including
high electrolyte uptake (339 %), superior electrochemical stability window (> 6.0 V), outstanding ionic con-
ductivity (13.45mScm™") and small interfacial resistance (96 Q). The half cells obtained using the TOBC1.0
membrane achieved a discharge capacity of 166 mAhg ™' (0.2 C), corresponding to 97.6 % of the theoretical
value of LiFePO4 (170 mA h g~ 1), excellent cycle stability (with capacity retention of 94 % after 100 cycles) at
0.2 C and good C-rate performance. Thus, the TOBC nanofiber membranes could be considered as a promising
high-performance separator used in lithium-ion batteries.

ARTICLE INFO

ABSTRACT

Keywords:
Juncus effusts

Magnetic cellulose powder
Agricultural waste
Biomass

Dye adsorption
Ethanol-water mixture

Eco-friendly ethanol (EtOH)-water (H20) mixture has demonstrated huge potential in the textile industry.
However, the uncontrolled discharge of dye-contaminated EtOH-H,0 mixture to the ecosystem has numerous
adverse effects. Herein, a sustainable approach utilizing the agricultural waste biomass-Juncus effusus (JE) to
synthesize magnetic cellulose JE powders (M-JEPs) has been proposed for purification of dye-contaminated
EtOH-H20 mixture. Batch experiments and physical-chemical analyses were performed to explore the adsorp-
tion performance and mechanism. The as-prepared cellulose M-JEPs exhibited ultrafast adsorption performance,
which can reach the adsorption equilibrium within 10 min. The adsorption isotherms and kinetics demonstrated
that the adsorption fitted well with the Langmuir isotherm and pseudo-second-order kinetic models, exhibiting
the maximum adsorption capacity towards C.I. Reactive Red 195 and C.I. Reactive Blue 222 of 58.21 mg/g and
86.06 mg/g at the temperature of 303K. These findings indicate the feasibility of using cellulose M-JEPs for rapid
purification of the dye-contaminated EtOH-H20 mixture.

1. Introduction

Lithium-ion batteries (LIBs) have become a key component for en-
ergy storage systems owing to their superior energy density, fast
charging, good service lifespan, low self-discharge rate, high operation
voltage and negligible memory effect (Huang, 2011; Jabbour,
Bongiovanni, Chaussy, Gerbaldi, & Beneventi, 2013; Li, Wang, Chen, &
Huang, 2009; Qiu et al., 2019; Zhao et al., 2019). They have been
widely used in consumer electronics, aerospace technology, electric
vehicles and other fields. In recent years, the safety of LIBs has attracted
extensive concerns (Lee, Yanilmaz, Toprakci, Fu, & Zhang, 2014). As
one of the indispensable parts of LIBs, the separator not only provides a
smooth path for the transport of lithium ions (Li*) between the anode
and cathode, but also acts as an electrically insulating unit to avoid
internal short circuiting caused by accidental contact between the
electrodes (Deimede & Elmasides, 2015). Therefore, the separator plays
an important role in influencing the performance and safety of LIBs.

Microporous  polyolefin  membranes  (polyethylene  (PE),

* Corresponding authors.
E-mail addresses: hglingling@126.com (L. Fan), xujie0@ustc.edu (J. Xu).

https://doi.org/10.1016/j.carbpol.2019.115570

polypropylene (PP) and their composites) have been widely used in
contemporary LIBs on account of their low cost, good tensile strength,
excellent chemical and electrochemical inertness as well as shutdown
behavior (Huang, 2011). However, their inferior electrolyte wettability
and poor porosity limit the electrolyte storage capacity, consequently
leading to low ionic conductivity and undesirable LIB performance
(Fang, Yang, Zhao, Du, & Xiong, 2016; Lee, Jeong, & Cho, 2013).
Furthermore, thermal stability of the polyolefin membranes is quite
poor, which might result in sharp thermal shrinkage and severe safety
problems during battery operation. The limitation of the thermal fea-
tures have impeded their further applications especially in high-power
LIBs and also aroused wide safety concerns (Feng et al., 2018; Fu, Luan,
Argue, Bureau, & Davidson, 2012; Li et al., 2015; Liao, Hong, Zhang, &
Li, 2016; Zhang et al., 2019). As a result, the developments of novel
separators with superior electrolyte wettability and heat resistance for
LIBs have become imperative.

Cellulose, one of the most available biomacromolecules in nature,
has been extensively attempted as separator materials in LIBs on

Received 14 August 2019; Received in revised form 3 November 2019; Accepted 4 November 2019

0144-8617/ © 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Conventional textile dyeing industry is a water-intensive industry,
which generates large volumes of effluents containing high concentra-
tions of chemicals and organic dyes, which require complex treatment
and purification procedures. The emergence of ecolabels has indicated a
shift towards the exploration of substitutes for reducing water con-
sumption. Recently, as a promising alternative to the conventional
dyeing method, organic solvent-assisted dyeing technologies, including
silicone nano micelle dyeing (Gao et al., 2018), liquid paraffin (Xu,
Chen, Wang, & Yang, 2016), D5 media (Li, Liu, Li, & Li, 2011), and
alcohol-assisted dyeing (Ferrero & Periolatto, 2012) have been investi-
gated extensively. Among these solvents, the environmental-friendly
recycle, biodegradation, and low molecular performance have been
taken into account. The EtOH-H20 mixture has been widely used in the
printing and dyeing industry. First, in the ethanol-assisted dyeing, Fer-
rero, Periolatto, Rovero, and Giansetti (2011)) investigated the dyeing

process with the aim of substituting some auxiliary agents with EtOH.
Ferrero and Periolatto (2012) reported the advantages of EtOH in the
dyeing process compared to other solvents to reduce environmental
pollution. According to the investigation of Xia et al. (2018) and Xia,
Wang et al. (2020), the EtOH-H20 system has also shown reduction in
salt and water requirements for cotton dyeing, thereby reducing the
effluent load. Second, the EtOH-H,0 mixture has demonstrated high
extraction efficiency for the extraction of natural dyes from rosella and
blue pea flowers, which were reported by Wongcharee, Meeyoo, and
Chavadej (2007) and Guinot, Gargadennec, Valette, Fruchier, and
Andary (2008), demonstrating the high extraction efficiency of
EtOH-H20 mixture for extracting the flavonoids from the patulitrin and
patuletin. Sofyan, Ridhova, Yuwono, Udhiarto, and Fergus (2019)
studied the potential of natural dyes extracted with EtOH-H0 mixture,
which enhanced the photoactivity of dye-sensitized solar cells. Third, for
the reusing of adsorbent, Alatalo et al. (2016) and Abdi, Vossoughi,
Mahmoodi, and Alemzadeh (2017) indicated that the regenerated

* Corresponding author at: State Key Laboratory of New Textile Materials and Advanced Processing Technologies, Wuhan Textile University, Wuhan, 430200,

China.
“* Corresponding author.
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Blocking and Filtering Effect of Filter Tips of Natural Fibers against
Mainstream Cigarettes Smoke
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ABSTRACT KEYWORDS
Conventional cellulose diacetate filter tips of cigarette (CDFTC) are poor Cotton fiber; wool fiber;
filtration performance of toxic compounds. However, environmentally filter tip; filtration;
benign filter tips can be made by replacing cellulose diacetate fibers with adsorption; polycyclic
various types of natural fibers. In the present work, the blocking and  2"matic hydrocarbons
filtering effect of natural fibers such as cotton and wool was examined s

with regards to the polycyclic aromatic hydrocarbons (PAHs) present cigar-  kazf4fi; - F 214 ykm;
ette smoke. Using various techniques, including scanning electron micro- fun)-o u))(M R 2554
scopy (SEM), Fourier transform infrared spectroscopy (FTIR) and

Fluorescence detection, the blocking and filtering mechanisms were inves-

tigated in detail. The results showed that compared with CDFTC, the filter

tips made from natural fibers (cotton or wool) were investigated superior at

filtering out toxic particles, which is mainly due to the natural twist or crimp

along with their longitudinal directions. The efficiency of PHAs removal by

the cotton and wool fibers reached 71.0% (with absorption of up to 71.0 ug

cig™") and 60.5% (with absorption of up to 60.5 pg cig™'), respectively.

Compared with the Zhongnanhai filter tip used in this study (54.0%), the

filtration efficiency of the cotton and wool fibers was increased by 17.0%

and 6.5%, respectively.

BE
(LGRS R — B RR LT 4 25016 (COFTC) XA Bk A it BEE A2,
SR, A FhRIL RARCT YA IERREAT 4R 2274, T LAHIE O B
BER WL Bk P T M B RIRE X I < b 2 3595 4%
(PAHs) (FIPERGISJERCR. RAFHH T BAEE (SEM) | (A2 ARdear
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FIEBLT YR 'PHAsEﬁiL@F?ﬁ:‘%Uiﬁuﬂ 0% (WIEik71.0pg  cig-1) Al
Wi 11760.5ug cig-1) . 5 REIEIEYE (54.0%) AHLL, HRLF4ERl
LTS B T 17.0%H16.5%.

Introduction

Pollution and health hazards caused by smoking have become an urgent global problem (Tian et al.
2009). Mainstream cigarette smoke with its vapor and particulate phase is a complex aerosol,
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ARTICLE INFO ABSTRACT

Keywords: Natural biomass-based Juncus effusus (JE) fiber offers a wide range of applications in wastewater treatment.
Organic dyes Recently, the hybridization of various semiconductors has emerged as an efficient approach to enhance ad-
Adsorption sorption and photodegradation properties. Herein, we in situ synthesized the ternary hybrid NiO/ZnO/TiO,

Photodegradation
Biomass

Juncus effusus
Nanocomposites

nanocomposites on the JE fiber using a sol-gel method with coprecipitation. The JE fiber with the ternary hybrid
nanocomposites was applied for simultaneous adsorption and photodegradation of cationic and anionic dyes
from wastewater. The results showed that the as-prepared NiO/ZnO/TiO,-JE (nano PS-JE) fiber exhibited ex-

cellent adsorption and photodegradation properties towards organic dyes. Approximately 98.0% of removal
efficiency was achieved towards six kinds of organic dyes under the simulated UV irradiation. Therefore, the as-
prepared nano PS-JE fiber may offer a new possibility for wastewater treatment as a promising candidate ad-
sorbent for removing organic dyes.

1. Introduction

The tremendous pressure from water shortage causing irreversible
environmental impacts has created significant economic and social
challenges. Meanwhile, the organic dyes generated from the textile
industry also pose serious threats to the water resources [1-3]. Owing
to the stability and long half-life of organic dyes, the efficient removal
and degradation of organic dyes from wastewater has been widely in-
vestigated [4-6]. Recently, many advanced technologies have been
developed to treat the wastewater, such as physical, chemical, and
biological methods [7-11]. Additionally, developing a green and sus-
tainable dyeing method with high dye utilization is also another ef-
fective way to reduce the pollution generated by organic dyes [12,13].
The energy source of photocatalytic degradation is sunlight, which is
both abundant and nonpolluting. Consequently, removing dyes using a
photodegradation way is expected to become one of the most promising
methods [14-16]. Photodegradation operates within milder conditions,
available light sources, which is a stable and highly efficient alternative
to traditional decoloration techniques for a variety of organic pollutants

in wastewater.

Heterogeneous photocatalysis is emerging as a superior technique to
alleviate environmental pollution [17,18]. Among the various photo-
catalysts, titanium dioxide (TiO,) and zinc dioxide (ZnO) have been
widely used for environmental remediation, which is mainly due to
their high oxidizing abilities, stable properties, availability, and low
cost [19,20]. However, the single component photocatalysts may limit
the UV-light response and extensive applications [21]. Hybrid nano-
composites, based on the combination of various metal oxide semi-
conductors, have been applied extensively in photodegradation of or-
ganic pollutants. Since the production of charge carrier pairs and the
separation efficiency of charge carriers can be significantly promoted
using the hybrid nanocomposites, the photocatalysis properties can be
potentially enhanced correspondingly [22,23]. Compared to the single
metal oxide semiconductors, the hybridization of TiO, and ZnO exhibits
significant photocatalytic activities and results in a synergistic effect.
For TiO, and ZnO, it is easy to combine with other metals or metallic
oxides [24,25]. Due to the closer bandgap energies and similar photo-
catalytic mechanisms, ZnO is suitable for coupling with TiO,, exhibiting
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ARTICLE INFO ABSTRACT

Keywords: The removal of dyes via photocatalytic degradation has been identified as an eco-friendly method for producing
Juncus effusus clean and purified water. Natural cellulosic fibers are significant renewable resource and important in a wide
Cellulosic fiber range of applications. Herein, we report a natural cellulosic Juncus effusus (JE) fiber with 3D network structure as
31_3 network a framework to provide controllable space for the growth of TiO, particles. The TiO,-JE showed remarkable
Tio, ) activity in the removal of C.I. Reactive Red 120 (RR120), C.L Direct Yellow 12 (DY12), and methylene blue (MB)
Potocatalytic degradation . . - : AR - N

with a photodegradation efficiency of 99.9 % under simulated sunlight irradiation. Additionally, an orientate

fabric was fabricated using the prepared TiO,-JE fibers for the photocatalytic degradation of dye-contaminated

water in the sun, further confirming its practical application. The TiO, decorated natural cellulosic JE fiber can
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The increasing contamination of water from textile dyes is one of the major environmental problems
facing humanity, which has stimulated extensive investigation of fabricating adsorbents with high
removal efficiency and excellent adsorption capacity towards textile dyes. Nature has engineered some
intriguing high-performance materials that may be excellent sustainable materials for water purification
use. Herein, we report a novel Juncus effusus (JE)-based adsorbent with a three-dimensional network

be a promising material for photocatalysis and sustainable chemistry.

1. Introduction

Water is one of the most vital requirements of living organisms on
earth (Vorosmarty et al., 2010). A common observation is that water is
abundant on earth but only a small amount is easily accessible, and in
the fresh water cases, this is especially true for human (Oki, 2006).
However, industrial processes produce toxic wastewater containing
aromatic compounds from dyes, which have harmful effects on human
immune system and ecosystems. (Dhanya & Aparna, 2016; Meseck,
Kontic, Patzke, & Seeger, 2012; Zhang, Li, Li, Li, & Yang, 2018). Con-
ventional adsorption technologies, such as biological degradation (Oh
et al., 2014), chemical oxidation (Li, Zhang, Liang, & Yediler, 2013;
Sohrabi, Ross, Martin, & Barker, 2013), activated carbon absorption
and carbon nanotube nanocomposite absorption (Gao, Zhao, Cheng,
Wang, & Zheng, 2013; Hashemian, Salari, Salehifar, & Atashi Yazdi,
2013), ultrafiltration by chemical agents or physical filtration, reverse
osmosis, coagulation, and ion exchange (Karimifard & Alavi
Moghaddam, 2018; Konstantinou & Albanis, 2004; Natarajan, Thomas,
Natarajan, Bajaj, & Tayade, 2011; Tang & An, 1995), because of
quantity production and harsh experimental conditions, generation of
by-products, and regeneration and reasonable disposal of adsorbents

* Corresponding author.
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restrict their broader, acceptable application.

As one of the most widely used photodegradable materials, TiO, has
attracted much attention for the treatment of organic and contaminated
components (Hosgiin & Aydin, 2019), due to its biological activity and
chemical stability, high oxidizing power toward organic materials, low
price, and non-toxicity (Fernandez-Ibanez et al., 2015; Wang et al.,
2017; Yang et al., 2017). However, as a single constituent, TiO, has
some disadvantages, most of which are associated with its limited
photocatalytic efficiency in the visible light range on account of its wide
band gap and rapid recombination of hole—electron pairs (Da Via,
Recchi, Gonzalez-Yanez, Davies, & Lopez-Sanchez, 2017), low absorp-
tion capacity, and low surface area (Cheng, Wang, Zhao, & Han, 2014),
thereby reducing its photocatalytic activity. Moreover, in the practical
applications, residual TiO, nanoparticles in the photocatalytic reaction
solution need to be recycled. To address these problems, a large number
of synthetic materials, such as polymer films and porous inorganic
membranes (Leong et al., 2014; Liu, Chen, Lv, Feng, & Meng, 2015),
porous composites (Lefatshe, Muiva, & Kebaabetswe, 2017), composite
sponges (Hickman, Walker, & Chowdhury, 2018), clays and clay mi-
nerals, zeolites, silica gels, and metal-organic frameworks, as well as
complicated methods synthesis have been used to immobilize nano-

Received 11 October 2019; Received in revised form 16 December 2019; Accepted 2 January 2020
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0144-8617/ © 2020 Elsevier Ltd. All rights reserved.
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Three-dimensional network

structure and interconnected channels for dye removal from wastewater. To further enhance its
adsorption capacity towards textile dyes, the biodegradable chitosan (CS) was employed for the chemical
modification of the JE fiber. The results showed that the CS—JE fibers exhibited a high adsorption capacity
towards three types of anionic dyes at the temperature of 296 K: 526.3 mg g~ ' for C.I. Acid Yellow 11
(AY11), 452.5 mg g~ for C.I. Reactive Red 195 (RR195), and 255.1 mg g~' for C.I. Direct Blue 15 (DB15),
which outperforms most of the reported CS-modified adsorbents. The Langmuir model satisfactorily
fitted the equilibrium adsorption curves of the CS—JE fibers. Throughout the kinetics studies, the
adsorption fitted well with the pseudo-second-order model and exhibited a two-stage of intraparticle
diffusion, indicating the adsorption of the investigated dyes onto the CS-JE fiber is rather complex that
both the external surface adsorption and intraparticle diffusion occurred simultaneously. Finally, taking
advantage of the specific 3D network structure and interconnect channels of the CS-JE fiber, a vertically
oriented CS—]JE cake was fabricated using CS—JE fibers for continuous filtration of dyes from wastewater.
The cake exhibited high flow flux and rapid filtration performance under continuous flow without
requiring additional pressure. The present work confirmed that the CS-JE composite can be a promising
candidate for wastewater treatment.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

environment results in that less than 3% of them is fresh water (Oki
and Kanae, 2006). Even worse, this number is decreased dramati-

As one of the most important natural resources, water is the cally (Piao et al., 2010). The dyeing effluent discharged from the

major constituent for human beings, animals, and plants. Despite
its well-established importance, there are still many places lack of
water due to water pollution. Moreover, although more than 70% of
our planet is covered in water, the steady deterioration of the
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** Corresponding author.
E-mail addresses: xinliu_wtu@163.com (X. Liu), weilin_xu0@163.com (W. Xu).
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textile industry is regarded as one of the main causes leading to the
continuous decrease of fresh water (Essandoh and Garcia, 2018). It
is reported that nearly 25% of the industrial effluents are from
textile dyeing (Leaper et al., 2019). Depending on the nature of dyes,
there are approximately 100,000 types of dyes commercially
available for textile dyeing (Tan et al., 2015). However, owing to the
low affinity between fibers and dye molecules, 10—30% of these
dyes find their way into industrial wastewaters after the dyeing
process (Xia et al, 2018). The wastewaters are generally
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In situ synthesis of ternary hybrid nanocomposites on natural Juncus effusus @
fiber for adsorption and photodegradation of organic dyes Sty
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ARTICLE INFO ABSTRACT

Keywords: Natural biomass-based Juncus effusus (JE) fiber offers a wide range of applications in wastewater treatment.

Organic dyes Recently, the hybridization of various semiconductors has emerged as an efficient approach to enhance ad-

Adsorption sorption and photodegradation properties. Herein, we in situ synthesized the ternary hybrid NiO/ZnO/TiO,

l;mmdegradauon nanocomposites on the JE fiber using a sol-gel method with coprecipitation. The JE fiber with the ternary hybrid
iomass

Juncus effusus
Nanocomposites

nanocomposites was applied for simultaneous adsorption and photodegradation of cationic and anionic dyes
from wastewater. The results showed that the as-prepared NiO/ZnO/TiO,-JE (nano PS-JE) fiber exhibited ex-

cellent adsorption and photodegradation properties towards organic dyes. Approximately 98.0% of removal
efficiency was achieved towards six kinds of organic dyes under the simulated UV irradiation. Therefore, the as-
prepared nano PS-JE fiber may offer a new possibility for wastewater treatment as a promising candidate ad-
sorbent for removing organic dyes.

1. Introduction

The tremendous pressure from water shortage causing irreversible
environmental impacts has created significant economic and social
challenges. Meanwhile, the organic dyes generated from the textile
industry also pose serious threats to the water resources [1-3]. Owing
to the stability and long half-life of organic dyes, the efficient removal
and degradation of organic dyes from wastewater has been widely in-
vestigated [4-6]. Recently, many advanced technologies have been
developed to treat the wastewater, such as physical, chemical, and
biological methods [7-11]. Additionally, developing a green and sus-
tainable dyeing method with high dye utilization is also another ef-
fective way to reduce the pollution generated by organic dyes [12,13].
The energy source of photocatalytic degradation is sunlight, which is
both abundant and nonpolluting. Consequently, removing dyes using a
photodegradation way is expected to become one of the most promising
methods [14-16]. Photodegradation operates within milder conditions,
available light sources, which is a stable and highly efficient alternative
to traditional decoloration techniques for a variety of organic pollutants

in wastewater.

Heterogeneous photocatalysis is emerging as a superior technique to
alleviate environmental pollution [17,18]. Among the various photo-
catalysts, titanium dioxide (TiO,) and zinc dioxide (ZnO) have been
widely used for environmental remediation, which is mainly due to
their high oxidizing abilities, stable properties, availability, and low
cost [19,20]. However, the single component photocatalysts may limit
the UV-light response and extensive applications [21]. Hybrid nano-
composites, based on the combination of various metal oxide semi-
conductors, have been applied extensively in photodegradation of or-
ganic pollutants. Since the production of charge carrier pairs and the
separation efficiency of charge carriers can be significantly promoted
using the hybrid nanocomposites, the photocatalysis properties can be
potentially enhanced correspondingly [22,23]. Compared to the single
metal oxide semiconductors, the hybridization of TiO, and ZnO exhibits
significant photocatalytic activities and results in a synergistic effect.
For TiO, and ZnO, it is easy to combine with other metals or metallic
oxides [24,25]. Due to the closer bandgap energies and similar photo-
catalytic mechanisms, ZnO is suitable for coupling with TiO,, exhibiting
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Blocking and Filtering Effect of Filter Tips of Natural Fibers against
Mainstream Cigarettes Smoke
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ABSTRACT KEYWORDS
Conventional cellulose diacetate filter tips of cigarette (CDFTC) are poor Cotton fiber; wool fiber;
filtration performance of toxic compounds. However, environmentally filter tip; filtration;
benign filter tips can be made by replacing cellulose diacetate fibers with adsorption; polycyclic
various types of natural fibers. In the present work, the blocking and 2romatic hydrocarbons
filtering effect of natural fibers such as cotton and wool was examined %@

with regards to the polycyclic aromatic hydrocarbons (PAHs) present cigar- ML 4 LB T4, Ve,
ette smoke. Using various techniques, including scanning electron micro- ks WRIR 1T 23T
scopy (SEM), Fourier transform infrared spectroscopy (FTIR) and

Fluorescence detection, the blocking and filtering mechanisms were inves-

tigated in detail. The results showed that compared with CDFTC, the filter

tips made from natural fibers (cotton or wool) were investigated superior at

filtering out toxic particles, which is mainly due to the natural twist or crimp

along with their longitudinal directions. The efficiency of PHAs removal by

the cotton and wool fibers reached 71.0% (with absorption of up to 71.0 ug

cig™") and 60.5% (with absorption of up to 60.5 pg cig™"), respectively.

Compared with the Zhongnanhai filter tip used in this study (54.0%), the

filtration efficiency of the cotton and wool fibers was increased by 17.0%

and 6.5%, respectively.

BE

AEG TR —IETRLT 4E 22 I8ME (CDFTC) A5 d Ak A i e A i 2.
SR, A FHISTL RARET A —IERRET A 3 2T 4k, vl LA H X 2R
BERH A I8k WIICT M. B RARLFAEX GBI < rh 231545
(PAHs) [FIBELRRIEIEHOR. RS 7 BB (SEM) | iS22 dfesr
A (FTIR) RISOERIISE L AEAR, PRAITIT T L uEnIzE. 2553
KW, LCOFTCALL, HIRMRET4E CRERAEE) il it JEmE fEd 6 #E
LI PERE DR, 33X B T [ AR 0 iy S L ) 1 BT . AR T4
%u%%fﬂfwPHAsE’J%F?zﬁ%IJ;ﬁUﬂ % (I EIA71.0ug  cig-1) Hil
60.5% (WK1460.5ug cig-1) . 5 mgigIEME (54.0%) AHLL, KLr4efi
FEBLTYE PRI AR T17.0%716.5%.

Introduction

Pollution and health hazards caused by smoking have become an urgent global problem (Tian et al.
2009). Mainstream cigarette smoke with its vapor and particulate phase is a complex aerosol,

CONTACT Chunhua Zhang @ chua_zhang@163.com e State Key Laboratory of New Textile Materials and Advanced
Processing Technologies, Wuhan Textile University, Wuhan 430200, China;

Jun Chen@ Chenjun4130@163.com 9 College of Textile Science and Engineering, Wuhan Textile University, Wuhan 430200,
China.
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Fabrication of Polyurethane/Polyurethane Fiber Composite Film
with Enhanced Mechanical Property

Jia-Jing Zhang', Huan Zhang', Liang-Jun Xia', Wei-Lin Xu' Chun-Hua Zhang'>"

! State Key Laboratory of New Textile Materials and Advanced Processing Technologies, Wuhan Textile University,
Wuhan 430200, China.
2 State Key Laboratory of Silkworm Genome Biology, Ministry of Agriculture, Southwest University, Chongqing
400715, China.
Corresponding author’s email: chua_zhang@163.com

Abstract

To obtain synthetic leather with enhanced mechanical properties, we proposed a simple composite fabrication
method based on nonsolvent induced phase separation for preparing polyurethane yarn (PUY) reinforced
polyurethane (PU) composite films. The morphology of PUY/PU matrix interface and the mechanical properties
of the as-prepared composite films were investigated in detail. The results showed that the addition of PUY did
not change the microstructure of the PU. The stress and strain of PU/PUY-3 were 61.98% and 32.60% higher than
that of PU film. It was proposed that the good interfacial interaction between PUY and PU mainly contributed to
the simultaneously improvement in stress and strain. Furthermore, the as-prepared PU/PUY composite films were
elastic within the applied tensile strain of 10%. The present work suggests an efficient way to reinforce PU matrix
and can be used for design and optimization of leather products.

Keywords: Polyurethane; Fiber; Interface; Mechanical Property

1. Introduction

The leather industry is one of the oldest industries and have modernized fast during decades in China. To meet global
demands of high-quality leather products, leather needs to be tanned and finished. The leather processing enterprises
produce 1.4 million tons of solid waste such as scraps annually, 75% of which contain chrome, [1]. This may lead to
the environment pollution and risks to human health. With the exploration of new materials and new technologies,
synthetic leather has developed rapidly in recent years, due to its low cost and low toxic. Synthetic leather usually
includes a base of textile and a polymer. Among the polymer, polyurethane (PU) synthetic leather accounts for the
largest proportion in the fabrication of synthetic leather [2].

To add synthetic leather all the attributes of natural leather, many researches focused on improving the mechanical
properties and moisture permeability of synthetic leather. Wang et al proposed a method of grafting collagen-chrome
tannins in the super-fiber synthetic leather base for improve the moisture and transfer abilities [3]; Xu et al used
superfine wool power physical blending with PU resin to prepared blend film with permeability [4]; Duo et al mixed
polyhydroxybutyrate hydrophilic nanofibers in microfiber synthetic leather base to improve moisture absorbent and
transfer abilities [5]; Bai et al used electrospinning to fabricate a blend fibrous membrane with silk fibroin power
with high hydrophilicity [6]; Shi et al developed controllable water vapor permeability film by synthesized
waterborne PU, elastomeric PU and thermosensitive PU [7]; Zhao et al prepared thermoplastic polyurethane
(TPU)/sulfonated polysulfone (SPSf) electrospun nanofibers synthetic leather with high tear strength [8]; Dev Gurera
et al used multi-layered nanocomposite coating structure to develop high mechanical durability synthetic leather [9].
However, the enhance moisture permeability of PU were achieved by sacrificing mechanical property.

The PU synthetic leather is usually prepared by nonsolvent induced phase separation (NIPS) and solvent evaporation
method (SE). Compared with the PU synthetic leather obtained using SE, the PU synthetic leather obtained using
NIPS has good moisture permeability due to its porous structure. However, the mechanical properties of PU synthetic
leather fabricated using NIPS needs to be further improved.

In this paper, PU yarns with high orientation are used to prepared PU composites to improve the mechanical
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A novel flame-retardant composite material based
on calcium alginate/poly (vinyl alcohol)/graphite hydrogel:
thermal kinetics, combustion behavior and thermal

insulation performance

Jinru Liu + Zhicai Yu - Hualing He ® - Yushu Wang - Yuhang Zhao
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Abstract Design and development of fire-resistant
composite materials with improved flame retardancy
are critically needed for firefighters in fire protection
fields. Herein, a novel fire-resistant composite hydro-
gel (FRCH) was fabricated based on calcium alginate
(CA), poly (vinyl alcohol) (PVA) and expandable
graphite (EG). The obtained FRCH material displayed
prominent flame retardancy due to a large amount of
heat was removed as contained water evaporation.
Meanwhile, the EG in hydrogel occurred expansion to
prevent heat transfer when exposed to fire. Results
indicated that peak heat release rate and total release
rate of FRCH decreased from 264.9 to 67.2 W/g and
15.4 to 12.1 KJ/g, respectively. The thermal kinetic

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/
$10570-021-04047-7.

J. Liu - Z. Yu (<) - H. He (D<) - Y. Wang - Y. Zhao
Hubei Key Laboratory of Biomass Fibers and Eco-dyeing
& Finishing, College of Chemistry and Chemical
Engineering, Wuhan Textile University, Wuhan 430200,
Hubei, China

e-mail: yuzhicaicai@163.com

H. He
e-mail: hehualinghe @ 126.com

behavior of FRCH was investigated by using Flynn-
Wall-Ozawa (FWO) and Kissinger-Akahira-Sunose
(KAS) models. TPP test further confirmed that intro-
duction of EG in hydrogel prolonged the second-
degree skin burn time for 2.73 s compared to without
EG component. Besides, benefiting from the expan-
sion behavior of EG when being burned, EG formed a
conductive pathway and resulting in LED light up.
This work provided an effective way to prepare flame
retardant composite material with an early fire warn-
ing detection function, which may meet the require-
ments in firefighting fields.
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Green synthesis of silver nanoparticles with black rice
(Oryza sativa L.) extract endowing carboxymethyl chitosan
modified cotton with high anti-microbial and durable

properties

Zhicai Yu * Jinru Liu - Hualing He ® - Yushu Wang - Yuhang Zhao -

Qi Lu * Yi Qin * Yushi Ke * Ying Peng
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Abstract Deep exploitation and utilization of
renewable industrial crops as the source of eco-
friendly and cost-effective natural reductant has
becoming an efficient approach to green synthesis of
silver nanoparticles (Ag NPs). In this study, an eco-
friendly approach for producing durable antibacterial
textile based on in situ green synthesis and deposition
of Ag NPs on carboxymethyl chitosan (CMCTS)
modified cotton fabric was developed. During the
operation, AgNO; and black rice (Oryza sativa L.)
extract of anthocyanins were employed as precursor
solution and natural reductant, respectively. Finally,
the Ag NPs were synthesized and linked to cotton
fibers through coordination bonds with amine and
hydroxyl groups in CMCTS. This novel method
imparted cotton fabric with excellent antibacterial

Z.Yu - J. Liu - H. He (X)) - Y. Wang -

Y. Zhao - Q. Lu - Y. Qin - Y. Ke - Y. Peng

Hubei Key Laboratory of Biomass Fibers and Eco-Dyeing
& Finishing, Department of Chemistry and Chemical
Engineering, Wuhan Textile University, Wuhan 430200,
Hubei, China

e-mail: hehualinghe @ 126.com

ability against Escherichia coli and Staphylococcus
aureus. The effects of AgNO; concentration in
synthesis bath on the apparent colour, surface mor-
phology, silver content, UV protection, laundering
durability, and antibacterial activity were investigated.
Results indicated that the synthesised Ag NPs were
evenly deposited on cotton fibres with great washing
resistance and robust hydrophobic properties. This
study provides an innovative method towards the
clean and scale-up preparation of Ag NPs using black
rice extract as green reductant to endow cotton fabrics
with durable antibacterial activity, UV protective, and
hydrophobic performance, which was possessed of
universal applicability for many kinds of industrial
crops containing anthocyanins.

@ Springer
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Thermal insulating and fire-retarding behavior of treated
cotton fabrics with a novel high water-retaining hydrogel
used in thermal protective clothing

Zhicai Yu  Jinru Liu + Abhijeet Suryawanshi - Hualing He ® - Yushu Wang -

Yuhang Zhao
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© The Author(s), under exclusive licence to Springer Nature B.V. part of Springer Nature 2021

Abstract Hydrogel-born fire resistance materials
have attracted great attention due to their flame
retardance and environmental friendliness. In this
work, a facile strategy is presented to prepare a novel
hydrogel—cotton fabric laminate with excellent ther-
mal insulation and fire-retarding performance. The
hydrogel-fabric laminates exhibited outstanding
flame retardant behavior. The flame-retardant mech-
anism of this system was mainly due to the absorption
of a large amount of energy as the water is heated and
evaporated in the hydrogel layer. To increase the water
retention capacity of the fire-resistant hydrogel, highly
hydratable salt (CaCl,) was incorporated into the fire-
resistant composite hydrogel composed of poly(N-
isopropylacrylamide) (PNIPAAm)/sodium alginate
(SA) to prolong water retention time. Here in this
work, we aimed to investigate the effect of CaCl,
concentration on water retention capacity, fire-
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Y. Wang - Y. Zhao

Hubei Key Laboratory of Biomass Fibers and Eco-dyeing
& Finishing, College of Chemistry and Chemical
Engineering, Wuhan Textile University, Wuhan 430200,
Hubei, China

e-mail: hehualinghe @126.com

Published online: 22 January 2021

resistant and thermal insulating properties of hydro-
gel—cotton fabric laminates. Results indicated that the
presence of hydratable salt successfully prolonged the
water retention time and provided superior fire retar-
dance property over traditional hydrogel. In addi-
tional, infrared imaging and vertical flammability test
results confirmed that hydrogel—fabric laminates were
capable of sustaining 1200 °C for 30 min without the
cotton fabric layer burning, whereas natural cotton
fabric was completely burned after 12 s. Finally, the
hydrogel—cotton fabric laminates exhibited remark-
able antibacterial activity against Staphylococcus
aureus and Escherichia coli due to incorporated silver
nanoparticles in hydrogels, and the bacteriostatic rates
both exceeded 96%. The preparation of this hydrogel-
born fire resistance materials is facile and can
extended the period of protective time as fire resistant
clothing for the firefighters.

@ Springer
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ARTICLE INFO ABSTRACT

Keywords: A novel fire-preventing triple-network (TN) hydrogel was prepared and laminated on cotton fabric to improve

Flame retardant hydrogel
Hydrogel-fabric laminates
Fire-fighting clothing
Thermal stability

fire-resistant performance of cellulose fabric. The TN hydrogel composed of Poly (N-isopropylacrylamide)
(PNIPAAm)/sodium alginate (SA)/ Poly (vinyl alcohol) (PVA) exhibited excellent swelling ratio, swelling-
deswelling behavior and antibacterial property. Results indicated that introduction of SA could improve water
retention capabilities of TN hydrogels. Thermogravimetric experiments showed that the thermal stability of

hydrogels was best at a SA: PVA ratio of 2:1. Furthermore, the obtained hydrogel-cotton fabric laminates dis-
played efficient flame retardancy. Compared to original fabric, hydrogel-fabric laminates were nearly undam-
aged when exposed to fire for 12 s. This result is attributed to energy absorption as water is heated and
evaporates in the hydrogel. The present work provides a new concept to prepare fire-resistant polymer fabric,
which may be used in fire-protective clothing to protect the skin from burn injuries.

1. Introduction

Cotton fabric is one of the most popular natural fibers currently
available and has been widely functionalized to achieve fire-retardant
(Farooq, Sipponen, Seppald, & Osterberg, 2018), UV-protective (Abd
El-Hady, Sharaf, & Farouk, 2020) and antibacterial properties (Lin et al.,
2018). Compared with other chemical fibers, cotton fabric does not
produce molten drops that injure the skin during combustion. Moreover,
as a fire-resistant textile, cotton fabric has excellent moisture absorption
capacity, wearing comfortability, and breathability (Liu, Huang, Zhang,
& Zhang, 2019). These characteristics indicate that cotton fabric may be
used in life-saving application, such as fire-resistant blankets or apparel.
Unfortunately, flammability, which is one of the major drawbacks to use
traditional cotton fabrics, limits the application in fire-resistant mate-
rials (Wang et al., 2019). This has motivated researchers to modify
cotton fabrics and improve its fire-resistance performance.

Over the past decades, traditional flame-retardant agents are
commonly used to finish and obtain fire-resistant fabrics. However,

halogen-containing flame retardants could release toxic gases that are
hazardous to humans (Wang et al., 2018(a)). Therefore, halogen-free
flame retardants such as phosphorus-containing flame-retardant
agents have received much attention due to better safety (Satdive,
Mestry, Borse, & Mhaske, 2020). Nevertheless, the signal
phosphorus-containing flame retardants treated on cotton fabrics
exhibit poor fire retardancy and low durability. Later, a number of new
fire-resistant approaches, such as sol-gel treatment (Jiang, Xu, Ma, Liu,
& 7Zhu, 2019), layer-by-layer assembly (Wang et al., 2020), and
plasma-induced graft-polymerization, have been proposed to improve
the fire resistant of cotton fabric (Li, Tong, & Yi, 2019). Zhang et al.
(2017) prepared a novel multifunctional fire-resistant cotton fabric
with excellent flame-retardant and hydrophobic properties using the
sol-gel and self-assembly techniques. Rosace, Castellano, Trovato, and
lacono (2018)) developed a flame-retardant fabric by immobilizing a
carboxyl-functionalized organophosphorus oligomer onto cotton fab-
rics, which subsequently exhibited self-extinguishing properties. Li
et al. (2018) demonstrated a strategy to produce durable

* Corresponding authors at: Hubei Key Laboratory of Biomass Fibers and Eco-dyeing & Finishing, Department of Chemistry and Chemical Engineering, Wuhan

Textile University, Wuhan, 430200, China.
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Investigation of temperature-responsive
and thermo-physiological comfort DO 10.117710040817520931475
of modified polyester fabric with senae
Sericin/PNIPAAm/Ag NPs

interpenetrating polymer

network hydrogel

Jinru Liu', Hualing He"*?, Zhicai Yu' ®, Abhijeet Suryawanshi',
Yongquan Li', Xuebo Lin' and Zenghui Sun'

Abstract

Stimuli-responsive polymers applied to traditional textiles have received widespread attention. In this work, a new type
of polymer-modified polyester fabric was prepared with interpenetrating polymer network (IPN) hydrogel. The IPN
hydrogel comprised of poly (N-isopropylacrylamide) (PNIPAAm), silk sericin (SS), and silver nanoparticles (Ag NPs). The
presence of the IPN hydrogel on the surface of fibers can change the wettability of polyester fabric, in response to
temperature. The thermal behavior of IPN hydrogel was characterized by differential scanning calorimetry (DSC) and
thermogravimetric analysis (TG). DSC results indicated that the IPN hydrogel exhibits temperature-responsive behavior
and the lower critical solution temperature (LCST) was around 32.9°C. The decomposition temperature of modified
polyester fabric (400.5°C) was better than the original polyester fabric (335°C). TG results indicated that the polymer-
modified fabric possessed higher thermal stability than the original polyester fabrics. The thermo-physiological comfort
of modified polyester fabric was characterized by water contact angle and vertical wicking test. Above the LCST, the
wettability of the polymer-modified polyester fabric would decrease because of the volume phase transition of IPN
hydrogel. Moreover, the antibacterial activity of the modified temperature-sensitive fabric against Staphylococcus aureus
and Escherichia coli was also investigated, and the antibacterial activity for both microorganisms exceeded 95%. This study
provided a feasible route to fabricate the temperature-responsive textile with great antibacterial performance.

Keywords
hydrogel, temperature-responsive textile, thermo-physiological comfort, antibacterial activity
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the textile industry due to its high strength, good dur-
ability, and dimensional stability.> However, poor
moisture absorption, low antibacterial activity and tex-
ture of polyester fabric cannot satisfy consumers who
seek for comfort in protective clothing and active
sportswear.” Therefore, improving the wear comfort
properties of polyester fabric has become increasingly
significant because of these problems.* Comfort is a
complex concept that includes thermal comfort, tactile
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Rapid Production of Multiple Transition Metal Carbides via
Microwave Combustion under Ambient Conditions+
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Transitionmetal carbides (TMCs)have attachedgreatinterestowingtotheirpotential application forenergystorageand

DOI: 10.1039/x0xx00000x

www .rsc.org/

dangerous chemicalreagents whichlimittheirpracticalapplication.Here,a micr

electrocatalysis.Butthe synthesis ofhighquality TMCs usuallyneed high-energy consumptions, longreactiondurations or

mbustionmethodis developed

rapidly(~2mins)produce transitionmetal carbides underambientcondition. The as -synthesized TMCs (W,C, VC, FesC, NbC,
TaC,Mo,C)andrGOcompositesexhibitoutstandingcatalyticperformance forhydrogenevolutionreaction (HER)overa
broad range of pH value. This work highlights a novel strategy for the design and synthesis of transition metal carbides.

1. Introduction

Transition metal carbide has been extensively applied for
electrocatalysts, battery electrode materials, gas sensor, cutting
tools and protective coatings owing to its features of electronic
and thermal conductivity, chemical stability and extreme
hardness.15 Generally, TMCs are made by powder metallurgical
method through carbon thermal reduction, which mixing metal
oxide, hydrate, or metal powder with carbon powder as
precursor, and then carbonizing at high temperature to
fabricate metal carbide phase.5 7 However, the excess carbon
powder and sintering at high temperature will cause a thick
layer of carbon on the surface of carbides. In order to synthesize
high-quality TMCs, some effective routes including chemical
vapor deposition (CVD), temperature programmed reaction
(TPR) and ultrasound irradiation of metal carbonyl compounds
have been successfully realized.? 810 For instance, Xu et al.
carbonized metal foil in the CHs atmosphere under high
temperature (> 1000°C) to grow high-quality 2D ultrathin MoaC,
WC and TaC.3 Fan et al. deposited a layer of metal on the tips of
graphene  nanoribbons, and then annealing this hybrid
composite under high temperature to synthesize the
nanocrystalline MsC (M: Fe, Co, Ni).!! Gong et al. prepared
ultrasmall phase-pure W,C nanoparticles supported on MWNTs
via carburizing the composite of WO,/MWNTs at high
temperature.’2 Moreover, researchers also developed other
approaches to synthesize TMCs with controllable
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nanostructures, including solvothermal and electrochemical
methods, etc.1317 All these methods are effective way to
fabricated various TMCs, but high-energy consumptions, long
reaction durations, inert gas protection and dangerous chemical
reagents are often encountered in these processes, which
would limit their further application. Therefore, developing a
new way to produce transition metal carbides with features of
speediness, no temperature programmed reaction and safety is
of great significance.

Recently, microwave has been progressively applied to
fabricate or modify nano materials by using its feature of rapid
heating process.1820 Considering carbon materials own highly
reduction property under high temperature,2® microwave
heating the mixture of metal oxides and carbon materials might
realize rapidly synthesis of TMCs. Herein, we developed a fast
and facile way to produce various TMCs (W.C, VC, FesC, NbC,
TaC and MoC) through microwave treating the mixture of
metal oxides and graphene oxide (MO/GO) under ambient
condition. The TMCs synthesized from the corresponding oxides
by using this microwave combustion method just need a few
seconds. Furthermore, the as-synthesized TMCs/rGO
composites show good catalytic performance for hydrogen
evolution reaction (HER) under acidic and basic solution (0.5 M
H2S04 and 0.1 M KOH). VC/rGO shows a low onset overpotential
(21 and 19 mV vs RHE) and a small Tafel slope (56 and 58 mV
dec!) in H;SOs and KOH, respectively. This work provides
wholly new insight to the design and synthesis of metal
carbides.

2. Experimental
2.1 Materials

Al chemicals were purchased from Sinopharm Chemical
Reagent Co. Ltd in China. The grade and purity of all chemicals
are as follows: ethanol (99.5%, ACS reagent), hydrogen peroxide
(30%), hydrochloric acid (36%, AR), hydrogen nitrate (69%, AR)
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