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Introduction

The hydroxyls and cyclic structure in starch cause strong brittleness of starch, subsequently leading to some
limitations such as insufficient adhesion and brittle film of starch in the applications of paper-making and textile
fields. This work aimed to confirm that sulfo-itaconation can increase the adhesion of starch to fibers and lessen

its film brittleness for improving its end-use ability, and to determine the optimal extent of starch sulfo-
itaconation for the sulfo-itaconylated starch (SI1S) samples.

Experimental process

/ Preparation ~ Characterization and measurement

— " \
g{ . > The obtained SIS granules in this work were characterized by
% Ig —_— 1 the uses of Fourier transform infrared (FTIR) spectroscopy
i ’ and scanning electron  microscopy (SEM). Film
— - — characterizations with the SEM and x-ray diffraction (XRD)
I analyses were also conducted.
» The measurements on DS values of SIS samples, adhesion to
25 i{ cotton fibers, tensile strength and breaking elongation,
Ty A e bending endurance. All of the characterizations and
% ' =t measurements were carried out on SIS and acid-hydrolyzed
- N~ — starch (AHS, as a control) samples.
\ Fig. 1. Preparation process of SIS samples
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Fig. 6. Effect of sulfo-itaconation on bending
endurance of starch film.
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Fig. 2. FTIR spectra of AHS (a) and SIS with a DS
value of 0.086 (b).
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Fig. 4. Effect of sulf_o-ltaconatl_on on tensi_le Fig. 5. SEM micrographs of granular Fig. 7. XRD of AHS (a) and SIS (DS value of
strength (a) and breaking elongation (b) of film. native starch (a), AHS (b) and SIS (c). 0.041, b) films.
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Bonding strength to cotton fibers (cN/tex)

T R | FTIR analysis confirms the successful preparation of SIS. The sulfo-itaconate substituents introduced ontoI

s

s, Istarch chains can improve the adhesion to cotton fibers. The sulfo-itaconation also favors reducing f|Im
Fig. 3. Efect of sulf-taconation on the adhesion of :brlttleness of starch which has been revealed by the XRD and SEM analyses of SIS and AHS films, promotlng|

ithe breaking elongation and bending endurance of starch film, and enhancing its flexibility and extensibility. |

Conclusions

€ Starch sulfo-itaconation was an effective method to improve the adhesion of starch to cotton fibers and film properties
for overcoming the shortcomings (insufficient adhesion and brittle film) of starch.

€ On basis of the results of adhesion and film properties, SIS with a modification level range of 0.034-0.041 showed
potential for the application as a new starch-based sizing agent in textile fields.




Development and Applications of Two-way reversible shape memory
polymer: Benzoyl peroxide crosslinked poly(ethylene-co-vinyl
acetate)
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Introduction

Shape memory polymers (SMPs) are smart materials that can significantly change their shape upon exposure to
an external stimulus, such as temperature, water, light, electricity, magnetism, and pH, with temperature being the
most common. SMPs have the potential to be used in a wide range of applications, including as actuators and
sensors, and in aerospace technology, textile, and biomedical applications. The type of shape memory effect (SME)
include one-way shape memory effects (1W-SME) and two-way shape memory effects (2W-SME). The 2W-SME is
a novel SME that shows the full reversibility in heating and cooling that is required for many application as

actuators.
(200)

Abstract

Two-way (reversible) chemically crosslinked semi-
crystalline’shape memory polymers with various crosslinkin
densities were synthesized by poly(ethylene-co-vinyl acetate
PEVA) with different conténts of benzoyl peroxide (BPO).
he developed materials exhibited reversible shape changes
by controlling the “switch on” temperature that tru{;gers shape
change within a reasonable temperature range. The PEVA-
B10 samples exhibited both optimal actuation performances
and excellent recovery ratio over 99%. BPO as the crosslinker
played an important role in allowing samples to return to their
orlgln%I Shi-% e. thfe developed (I;EV dBP rRaterlalls |nd|catt_ed sohEe © | usao
enouQ SO per ormanc_e an gOO mec anlca roperues Figure 1. 2D-WAXS patterns of the PEVA-B10 sample after cooling as (i) unstretched and
even @t Iarge. deform.atlom WhICh may contrl_bu?e 0 the un%erdifferentstresspconditions: (ii) 0.4MPa; (iii) O%MPa; (iv) 0.8§|\J/IPaF\)/\/hite arrows

pOtentlaI app“.catl.ons in the fields of soft material actuators indicated the stretching direction. (e) The second heating run of PEVA-B10 sample in DSC

and other appl Ications. test, the sample stretched at various stresses (0.4 MPa-0.8 MPa) and unstretched one.

Result and discussion

(110)

0MPa (@) | 0.4MPa

a 2 b %

26 45
40
35

30

Strain (%)
Strain (%)

25

20 H

15

0 20 40 60 80 100 0 20 40 60 80 100
Temperature (-C) Temperature (°C)

. d —
L e 8 22
5 o
(b) Heated t0.90°C_g/ Cooled to 20 °C g % ;“ 115 ka
s Heated LAl @ 20 1 Ao = 20 - PEVA-BO
J— 4 ’Z’ i b. \ o & 40 48 56 202
—— —— &L — (& — G 2 028 Jse g
Prestress 9800 mN - Removed prestress Cooled ™= g 4 w0 g < el
g o P 18
a b 8 o s
g { gos & ol
g,
| # 0 201 PEVA-B1
; . ; . ; 500 “r
Elongation part (expansion) —= 0 decrease  Contraction part (shrinkage) —= Oincrease 6 *0 =0 o
Time (min) PEVA-B4 PEVA-B6 PEVA-B8 PEVA-B10PEVA-B12PEVA-B14 0 20 40 60 80 100
Figure 2. (a) The picture of “V”, “M” and gripper shapes of PEVA-B10 sample in the hot and cold Temperaure (°C)

Figure 4. a: Definition of two-way shape memory process; b: Two-way shape memory
behavior of samples with various benzoyl peroxide (BPO) contents of 4 wt% to 14 w% under
0.2 MPa; c: Actuation and recovery capabilities, the actuation strain (e, represents
crystallization leading to elongation upon cooling, the recovery ratio (R, represents the
recovery capabilities during heating; d: Two-way behavior of a low crosslinking density

samile of 1 wt% BPO and a non-crosslinked samile under 0.02 MPa.

We synthesized a two-way (reversible) shape memory polymer using
BPO crosslinked PEVA. The recovery ratios of high crosslinking density
samples are over 99% that can almost completely recover to original
shape. BPO as the crosslinker was key issue for shape recovery behavior,
and high crosslinking density in PEVA/BPO leads to a significant
increment of recovery ratio. The developed PEVA/BPO materials
indicated enough soft performance and better mechanical properties even
at large deformation. The PEVA-B10 sample exhibited both optimal
actuation strain of 12.22 % and shape recovery ratio of 99.68%. These
Figure 3. a: Two-way shape memory cycles for PEVA-B10. b: Mechanism of reversible behavior. properties could contribute to the potential application as soft material
c: Two-way behavior of PEVA-B10 at 90 °C and 20 °C under constant stress. actuators, artificial intelligence and other applications.

water taken from video. (b) Schematics of the stress-free PEVA/BPO two-way shape memory
behavior design. (c) Stress-free two-way shape memory cycles of PEVA-B10 sample.
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Damage detection of CFRP composites by electromagnetic wéy
nondestructive testing (EMW-NDT)
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Introduction

Damages such as fiber breakage and delamination are likely to occur inside CFRP composites when subjected to
external forces, such as impact and fatigue load. These damages are mostly invisible and cause safety hazards during
the service of the products. This study proposes a new type of nondestructive testing (NDT) method using
electromagnetic wave (EMW) technique, EMW-NDT. It was proven that the proposed EMW-NDT method is
effective in detecting damages such as delamination, crack or other defects in CFRP composites. The EMW-NDT
method's detection capacity to the delamination size, delamination thickness, and slits in CFRP composites were
investigated.

Experiment and Methods
Material Preparation

& =) )

CFRP Teflon Hot Press Machine 135°C, 2.5MPa, 1.5h CFRP/Teflon

EMW-NDT measurement

~ Transmitting (b) ( St ,
transmitted

- horn antenna ~

Sip
(transmitted)

© Coaxial cables 'poRT| PORT2
Vo =) (&
=
& = Upper lens
=" B ——————— |

Fig.1 Fabrication process of CFRP composites inserted with Teflon film
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Table 1. Properties of the Teflon film used in this study - / , @ 90 59
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Vector Network
0.05 mm
Receiving Vibration direction of electric field
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17 3
over 1X10 Q-cm Fig. 2. (a) The specially designed free-space measurement system and its set-up,
(b) illustration of the S-parameter obtained via measurement, (c) incident angle of
the EM wave between fiber direction and electric field direction

Results and Discussion
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Conclusions
1. Delamination damage with different sizes and thicknesses could be identified with high detection sensitivity

using the proposed EMW-NDT method;
2. Both the slit and its direction were identified successfully based on the characteristics of EMI shielding

anisotropy in CFRPs;
3. The proposed EMW-NDT method exhibits vast potential for NDT application of CFRP composites and uses

in various fields.
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“Bridge” graphene oxide modified nanofiltration membrane with high
<2 efficiency for Mg2*/Li* separation
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Introduction

To extract lithium resources from brines, it is necessary to achieve effective separation of Mg2*/Li*. In recent years, nanofiltration (NF) membrane,
an environment friendly approach for separating Mg?* and Li*, has drawn more attention in the field of lithium recovery. However, there are few articles
on Mg?*/Li* separation using NF membranes. Many reported membranes performed excellent during the process of Mg?*/Li* separation, while most of
them showed low flux at the same time, which limited the work efficiency and application of NF membrane. Additionally, most studies on Mg?*/Li*
separation using NF membranes focused on modification for polyamide layer, while no reports on optimizing for substrate membrane. In order to
efficiently extracting lithium, both high permeation flux and high separation ability for Mg2* and Li* are necessary. The goal of this work is to synthesize

a novel NF membrane with high permeation flux, high separation performance and long-time stability for improving the lithium extraction purity and
efficiency.

Experimental process
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Results and discussion
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Water channels formed between GO and GO and between GO and PES polymer The “bridge” GO strengthened the bond between the polyamide layer
and the UF base membrane

» The hydrophilic GO acted as a “bridge” between UF membrane and polyamide layer due to the “anchor effect”, which significantly enhanced the
interaction between base membrane and polyamide layer.

» A small amount of GO doping greatly improved the permeability of both UF and NF membranes, which correspondingly improved the separation
efficiency and accelerated the filtration rate.

> Compared to previously reported articles, the obtained NF membrane prepared in this work exhibited an optimal Mg2*/Li* separation performance
and efficiency, the rejection for Mg?* and Li* and the flux were 95.14%, 20.93%, and 11.15 L/m?2hbar, respectively.




Development of multifunctional stimuli-responsive shape memory

polyurethane for soft actuators target to biomaterials
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Introduction
As the average human age in global society increases, the

= Shape memory polymers have developed as
soft actuator to be expected for biomaterial
application such as smart bandage, stent and
artificial muscles.

effects of some injuries can be replaced by using polymer

as artificial equipment. =

= Metallic or alloy have side effect during
long term use inside human body

Among SMPs, polyurethane-based SMPs have
features such as shape recovery, good processability,
light weight, and low cost.

Experimental process
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Results and discussion
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Conclusions

v’ Enhancing softness

v Good in both thermal and electric actuation

v Similar to human muscle movement by electric field

v' Activating at human body temperature

v This work could be developed to be artificial muscle and biomaterials in the future
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The Research on Low-velocity Impact Performance of 3D Woven Textile Composites
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Application of Fiber Reinforced Composite

Introduction

Fiber reinforced composites have a great application in recent decades among
automobiles, aerospace, civil and sports. Compared with traditional laminated
composites, three-dimensional (3D) woven textile-reinforced composites have better
delamination resistance and impact resistance, due to introducing the binder yarn in
the thickness direction. The current research mainly study on the development of 3D
woven textile composites with different weaving structures and their low-velocity
drop weight impact performance.

Experimental

Figure. (a) Self-built Results

3D weaving loom
and (b) a schematic || @ 0] ©

of the weaving || 7 ™" - g oWz GESE .. oW
technique.
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Figure. Representative load/energy—time curves of low-velocity
warp vy drop-weight impact for six 3D woven composites subjected to
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Six 3D woven textiles, named LLOW-1, LLOW-2, TTOW, LLAIW-1,
LLAIW-2, and TTAIW, were manufactured based on a self-built 3D
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@ Conclusion
% Six types of glass/aramid fiber hybrid 3D woven textiles with
| 1\ Velocity, /

R different binder yarn paths and binding pattens were

manufactured on the basis of a self-built 3D weaving loom with a
modified heddle position system. The 3D textile-reinforced epoxy
resin composites were fabricated with VARTM technology, and
low-velocity drop-weight impact tests of the composites were
conducted under 10, 20, and 30 J impact energy levels. It was
found that the composites with different woven structure and
fiber volume fraction are not sensitive to low energy impact (10 J
and lower energy), but sensitive to higher impact energies (20
and hardener were used to (. Specimen clamping fixture | [ and 30 J). Woven structure is a key parameter on the impact
consolidate the 3D woven - resistance of these 3D woven composites. The woven structure
textile preforms using| Figure. Experimental setup of the low- has an obvious influence on failure modes of the composites
VARTM technology. velocity drop-weight impact test. subjected to low-velocity impact.

Tup Specimen

Figure. (a)schematic and
(b) experimental setup of
the VARTM technology.

Thermoset epoxy resin




Examination of new viscoelasticity evaluation method

Using ultrasonic waves
KOUHEI YAMADA and QING-QING NI
Department of Mechanical Engineering and Robotics, Shinshu University, Ueda, Japan

Viscoelasticity is the combination of elasticity and viscosity, and is one of the indexes for evaluating physical properties
of materials. Viscoelasticity is dependent on temperature and frequency. Generally, viscoelasticity is measured using
DMA(Dynamic Mechanical Analysis). However, this measurement method is limited to a frequency of about 10?Hz due
to the mechanical limit of the device, and it is not possible to directly measure viscoelasticity in the frequency range
above kHz. In the conventional method, the viscoelasticity in the high frequency region is measured by using the
conversion law, but there is a problem due to the conversion error.

Therefore, in this study, the viscoelasticity in the high frequency region was directly measured using U-DMA (Ultrasonic
Dynamical Mechanical Analysis). There are two types of U-DMA, the "bottom method" and the "surface method", and
currently there is a measurement error between these two types. The purpose of this study is to investigate the cause of
this measurement error and to examine the usefulness of U-DMA.

The ultrasonic viscoelasticity measuring device URM <prototype> shown in the right was used. The
principle of the device is to calculate viscoelasticity using complex elasticity theory.

In this device, ultrasonic waves are incident by a transducer and the reflected waves occur at each boundary which are
used for viscoelasticity evaluation. The reflection waveform is cut out, and L, L™, and tan & are obtained from the
amplitude spectrum and phase spectrum obtained by the fast Fourier transform. In this study, two types of measurements
were performed, the bottom method and the surface method. Figure 1 shows the principle diagram of U-DMA. In addition,
the principles of the bottom surface method and the surface method are shown respectively.

Reflector Daming factor « 4
Sample —f Phase velocity 1, Reflectance [R,| = |-=

AN
U, Buffer U\Us Zy—27Z
7S A 3
Transducer |2 g] Storage modulus L' = pV;?2 2
Zan L‘ ’
w

cow 723
L'=L+il> =—
P2

Fig.1 Principle diagram of U-DMA loss modulus L™ =

_ o~
Loss sinetan é = =

Measurement result

Table 1 shows the samples used in this measurement. @ - @
Table 1 Measurement sample Lf

L [MPa)

Sample DAcryl @QPET  (G®NR  @PVC
Density[g/cm®] 119 1.27 157 0.902

1500
Frequency [MHz] Frequency [MHz]

Thickness[mm] 3.00 3.00 3.00 4,00

® @

L" [MPa)

L [MPa]

From previous studies, the bottom surface method and the ——
surface method cause measurement errors in the loss elastic ™ N .
modulus L™". In this study, the error factor is assumed due to .. T e
couplant. Therefore, only PVC is measured by the bottom

method and the surface method without adding couplant.

Bottom method The measurement result of PVC
Surface method has the smallest error.

The error factor between the bottom method and the surface method was confirmed due to couplant. Therefore, the
measurement accuracy of U-DMA could be improved by considering effect of couplant in the theoretical formula.



on double network ionic conductive organohydrogel
Di Wang, Qufu Wei*
Jiangnan University

Introduction

With the rapid development of artificial intelligence and the growing demand for human-machine
interfaces, the flexible ionic conductive sensors have drawn extensive attention. As the flexible ionic
conducive sensors have been expanded into various applications such as wearable devices, electronic
skin and human health monitoring, the flexible ionic conductive sensors have been numerously studied
for enhancing mechanical performance, expanding operating conditions and improving ionic
conductivity

Experiment

Gelatin and potassium persulfate were dissolved in the NaCl
solution under vigorously stirring at 80 °C. After that,
acrylamide monomers and N,N-methylenebisacrylamide
were slowly dropped into the above solution. The precursor
solution was adsorbed into the PU electrospun fiber
membrane and cross-linked at 60 °C for 2 h. During this time,
PAM was grafted onto the gelatin chains and the crosslinked
PAM/GE hydrogels were formed in the network of PU
electrospun fiber membrane. Finally, the as-prepared
hydrogel membrane was soaked in the NaCl glycerol/H,O ' '

binary solvent to endow the organohydrogels membrane Figure SEM images of pure PU

antifreezing properties and ionic conductivity electrospun  fiber membrane and
PAM/GE/PU/GL/NaCl.
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Conclusions

In summary, a facile method of composite organohydrogels with eletrospun fiber membrane was
successfully employed to prepare the double network PAM/GE/PU/GL/NaCl organohydrogel with
integrated characteristics, including excellent mechanical property (strain up to 614%, stress up to 3.09
MPa), superb antifreeze performance (-40 °C), high ionic conductivity (1.51 S m1) at room temperature
and remarkable elasticity. In addition, the ionic conductive organohydrogel was served as a strain sensor
to monitor human movements and subtle motion signals with high strain sensitivity, good stability and
repeatability.
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A Stretchable Electrode for Single Enzymatic Biofuel Cells
Xin Li, Qufu Wei*
Jiangnan University

Introduction

The rise of energy harvesting textiles has opened up an emerging path to prospective energy solution for
the next generation of wearable electronics. Flexible electrodes as the core link in enzymatic biofuel cell
(EBFC) should be stretchable while utilizing enzyme molecules to transfer the energy from chemical of
green fuels into electrical, which is beneficial to meet the key requirements of practical applications and
shows considerable potential in wearable electronics.

Experiment

The synthesis method of PU/ZIF-8@enzyme is consistent
with our previous work and the synthesis mechanism is
exhibited in Figure. Prior to the synthesis of ZIF-8@LAC,
the PU were treated by the plasma treatment for 30 s in a
vacuum with a power of 20 W. Followed by 3 g zinc nitrate
containing 0.3 g LAC getting dissolved in 100 mL PBS
solution then stirred for 0.5 h. The PU was further immersed
into the prepared solution for 12 h. After being washed for 3
times, the nanofiber was put into 2-MIM solution for 24 h ,;
under standing condition. After that, the electrode was Schematic illustration showing the
obtained by soaking it in CNTSs dispersions and then dried at synthesis of PU/ZIF-8@LAC; SEM
45° C images of each samples

Results and discussion

Characterization of electrode ~ Performance of single-EBFC
b

Schematic of single-EBFC

afe a,

C ]

Conclusions

The development of a new and reliable stretchable electrode with the ability to effectively comply the
body profile as well as withstand repeated mechanical stress for powerful wearable energy is a key
component of the further development of flexible devices in wearable electronic systems. Herein, we
created a stretchable PU/ZIF-8@LAC/CNTs electrode by encapsulating enzyme into ZIF-8 crystals
during the process of in-situ growth of ZIF-8 on electrospun PU nanofiber membranes. The as-fabricated
electrode showed excellent elasticity and stable electrical property after repeated stretch cycles. The
current developmentsuggests considerable applications in wearable sensors and monitoring systems.
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Structural colouration of polyester fabrics with high colorfastness by bipolymer photonic crystals

containing reactive epoxy groups
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1.Anhui Polytechnic University, Wuhu, China,
*Corresponding authors: E-mail addresses Liuxinhua66@163.com

Introduction
Photonic crystals (PCs) have received more and more attention for constructing structural colors due to it is a kind of photonic nanomaterials with photonic band gap forming
by closely packed periodic arrangement of nanospheres with different reflective index. PCs have been reported to fabricate the structrual colors on smooth, seamless and rigid
solid substrates such as glass and silicon. However, textile fabrics consist of a network of natural or chemical fibers containing voids and gaps between fibers and yarns which are
quite different from the solid substrates. Hence, it is more difficult to fabricate the PCs structural colors on textile fabrics than on the solid substrates.
In this paper, the bipolymer of poly (tert-butyl acrylate-co-glycidyl methacrylate) (P(t-BA-co-GMA)) containing reactive epoxy groups was synthesized and used as the
photonic crystal to fabricate the structural color on black polyester fabrics. The color properties of differnet P(t-BA-co-GMA) bipolymers with different mass ratio of t-BA and
GMA were investigated. The ccolorfastness were also investigated. This research will provide the experimental basis for the development of photonic crystals structural color on;
fabrics with high colorfastness to promote the practical application of structural color in textile colorization.

Experimental process
1.Synthesis of P(t-BAco-GMA)

t-BA and GMA with diferent mass ratio and 0.05g sodium bicarbonate were evenly dispersed into a 150 mL round-bottom flask filled with 90 mL deionized water. And then N,
gas was injected into the flask for 15 min. After that the flask was put into the water bath of 80 ° C which was kept stirring for 30 min. And then 0.15 mmol (NH,),S,04 was
dissolved into 10 mL deionized water which was used as initiator solution. After that, the 10 mL (NH,),S,05 solution was added into the above reaction flask using a syringe. The
reaction was kept at 80 ° C for 4 h. After that the reaction solution was centrifuged at 11000 rpm for 40 min to obtain the solid product.

2.Preparation of structural color on black polyester fabric

2 g P(t-BA-co-GMA) were added into 50 ml conical flask with 20 ml deionized water which was magnetic stirred for 2 h to obtain the uniform nanospheres dispersion. The
black polyester fabric with the diameter of 8 cm was placed on a sealed foamed plastic box. 10 mL nanospheres dispersion was added into the WH-2000 ultrasonic nebulizer
(Guangdong Yuehua Medical Device Factory Co. Ltd, China) which was sprayed out from the nozzle to form the atomization and deposite on the polyester fabrics. Then the
fabrics were dried on a oven at 40 °C for 10 minutes, and then the structural colored fabrics were obtained.

Results and discussion

The photographs of structural colors of P(t-BA-co-GMA) nanospheres on polyester fabrics with different
mass ratio of t-BA and GMA are shown in Figure 1. Five different colors of P(t-BA-co-GMA)
nanospheres on black polyester fabrics were obtained with different mass ratio of t-BA and GMA.

The SEM images of P(t-BA-co-GMA) nanospheres on polyester fabrics with different mass ratio of t-BA
*  and GMA are show in Figure 2. As was shown in Figure 2, all the P(t-BA-co-GMA) nanospheres with
different mass ratio of t-BA and GMA were successfully formed close-packed coating on polyester fabrics.

Reflectivity %
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The chemical structure of P(t-BA-co-GMA) bipolymer was characterized by FTIR which is shown in Figure 3. In the curve of ¢, all the peaks at 2980 cm'!,
2930cm-!, 1730 cm’!, 1161cm-!, 908 cm-! and 842 cm-! exist. These demonstrate the characteristic absorption peaks of saturated and unsaturated C-H, ester C=0O
bond and epoxy group all exist in the product. And the new peaks at 1465 cm! and 1365 cm-! which belong to -CH, and -CH appear in curve c. These results
confirm the P(t-BA-GMA) bipolymer has been successfully synthesized.

The reflectance spectra of P(t-BA-co-GMA) nanospheres structural colors on polyester fabrics with different mass ratio of t-BA and GMA are shown in Figure 4.
The different colors and reflectance curves of P(t-BA-co-GMA) nanospheres on polyester fabrics with different mass ratio of t-BA and GMA maybe arisen from
the different diameters of P(t-BA-co-GMA) nanospheres to form the different photonic band gap corresponding to different wavelength of electromagnetic waves
in the visible range.

The P(t-BA-co-GMA) nanospheres structural colors on polyester fabrics with different mass ratio of t-BA and GMA before and after abrasion are shown in Figure
5. These results show that P(t-BA-co-GMA) nanospheres structural colors on polyester fabrics possess good abrasion colorfastness.

The washing colorfastness of the structural colors polyester fabrics is shown in Figure 6. These results also demonstrate the P(t-BA-co-GMA) nanospheres
structural colors on black polyester fabrics have good washing colorfastness.

Conclusions

In this study, the P(t-BA-co-GMA) bipolymers containing reactive epoxy groups with different mass ratio of t-BA and GMA were successfully synthesized. P(t-BA-co-GMA)
nanospheres can self-assembled into short range ordered and long range disordered photonic crystals to present different bright crack-free structural colors on polyester fabrics.
The P(t-BA-co-GMA) nanospheres possess excellent monodispersity, and their diameters vary with the different mass ratio of t-BA and GMA to obtain five different colors on
black polyester fabrics. The different diamters of the P(t-BA-co-GMA) nanospheres and the arrangement of short range ordered and long range disordered in microstructure maybe
the reason of different structural colors on polyester fabrics. The P(t-BA-co-GMA) nanospheres structural colors on polyester fabrics possess good abrasion and washing
colorfastness. This research provides the experimental basis for the development of polymer photonic crystals containg reacitve groups structural color on fabrics with high
colorfastness to promote the practical application of structural color in textile colorization.
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ABSTRACT

In this paper, we report a graphene-coated Calotropis gigantea yarn (CGY) by pad dyeing with graphene oxide and reduction process, which endows it with high
conductivity, outstanding conducting stability, and scale production capacity. By optimizing the pad dyeing, the modified CGYs display high electrical conductivity of 7 S/m.
Range analysis results indicate that electrical conductivity of the graphene-coated yarns exhibits strong dependence on the concentration of graphene oxide and pad
dyeing cycles. The combination between hydrogen bond of the fiber and the oxygen bond of graphene during dyeing process renders the functionalized yarns stable
conductivity to washing and bending. Based on the simple fabrication process, and fascinating performance, the graphene-coated yarns show great potential in flexible

wearable electronic devices and large-scale production.

l. Introduction

The explosion of multi-functional flexible wearable electronic
textiles in flexible sensors and wearable electronic devices has
attracted extensive attention due to their great potential as next-
generation electronics with the advantages of lightweight, flexibility,
and portability. Compared with other materials, graphene can be
much easier to cover along the fiber surface to gain high electrical
conductivity.

Calotropis gigantea yarns (CGYs) have received intense
attention in recent years due to its unique structure and
performance. The functionalization of CGFs by the coating of
graphene was not investigated. More importantly, scale production
of such graphene-coated CGFs has always been a great challenge,
which has not been reported. we report a graphene-coated CGY by
pad dyeing, which endows it with not only high performance in
conductivity but also scale capacity in production.

Il. Method

Pretreatment of GO: The graphite powders (2 g), NaNO; (2 g),
and 50 mL of H,SO, (98%) were mixed and kept in an ice bath. For
purification, the mixture was washed by HCI and deionized water to
obtain GO solution.
Preparation of GO-CGY: The pristine CGYs were firstly immersed
into GO solution to make surface fully contact with the GO solution.
Then the excess GO solution on the pristine CGYs surface was
removed by a rolling mill to obtain continuous structure and full
coverage for high-efficiency electron transport.
Reduction of GO-CGY: the GO-coated yarn experienced reduction
through being transferred into ascorbic acid solvent (with a weight
ratio of 10:1 to GO) at 80°C to acquire rGO-CGYs.
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Fig. 1. (a) Schematic diagram of GO-CGYs through pad dyeing. (b)
The illustration of the pristine, GO-modified, and rGO-modified
CGYs. (c) The photos of the pristine CGY, GO-CGY, rGO-CGY. (d)
The particle size distribution of the GO solution, (e) the viscosity of
GO solution.

lll. Result and discussion

In order to optimize the experimental parameters, we analyze the
GO concentration, pad dyeing cycles, and reduction time in
determining the properties of graphene-coated CGYs through an
orthogonal design with three factors and three levels. Table 1
shows the sample specifications. We choose the samples with
good conductivity (Sample 2, Sample 5, and Sample 8) to present
and evaluate their performance, which are denoted as rGO-CGY-4,
rGO-CGY-7 and rGO-CGY-10 respectively.

Table 1. The specifications of rGO-CGYs through pad dyeing.

Additive ) o
" Reduction Dipping
Sample A B Cc concentration .
time (h) cycles
(mg/mL)
1 1 1 1 3 12 4
2 2 3 1 5 36
3 3 2 1 7 24 4
4 1 2 2 3 24 7
5 2 1 2 5 12 7
6 3 3 2 7 36 7
7 1 3 3 3 36 10
8 2 2 5 24 10
9 3 1 3 7 12 10

The pristine CGY and rGO-CGY-10 in Fig. 2a, b show that the
nature-color yarn becomes black after the functionalization. Fig. 2c
shows the atomic percentage of C, N and O on the surface of
pristine CGY, GO-CGY-10, and rGO-CGY-10. It presents that the
atomic percentage of C, N, and O of the pristine yarn is 57.780%,
4.678%, and 37.542% respectively, while that becomes 59.323%,
3.133%, and 37.544% after GO modification. After reduction, the C
increases by 61.855%, N and O decrease by 2.536% and 35.609%
respectively. Fig. 2d, e, f show the surface morphology of the
pristine CGY, GO-CGY-10, and rGO-CGY-10 respectively.
Comparing with the smooth pristine CGYs surfaces, the GO-CGY-
10 shows rough and uneven surfaces due to the existence of GO
layers. Fig. 2(g-0) show the element distribution of the pristine CGY,
GO-CGY-10, and rGO-CGY-10 respectively.

Fig. 2. (a-b) the photos of the pristine CGYs and rGO-CGY-10; (c) the
surface element content of CGYs; the surface morphology of (d) the
pristine CGY (e) GO-CGY-10, (f) rGO-CGY-10; (g-0) C, N, and O
distribution of the pristine CGY, GO-CGY-10, and rGO-CGY-10.

Fig. 3(a-c) shows that the Raman spectra of the pristine CGYs after the
functionalization. They all presents the characteristic peaks of
graphene, the D-band at 1370 cm-1 (related to defects or heteroatom-
doping) and G-band at 1590 cm-1 (attributed to the vibrations of the
sp2-bonded crystalline carbon), indicating that graphene wrapped
onto the pristine CGYs successfully. In Fig. 3d, the intensity ratios of
D-band and G-band increases from 0.9 to 1.2 and the full width at half
maximum (FWHM) of the D-band decreases from 71 to 53. These
changes indicate that GO-CGYs are chemically converted into rGO-
CGYs.
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Fig. 3. (a) Raman spectra of the CGYs after the functionalization, (b-c)
high-resolution spectrum of Raman spectra of the GO-CGY-10 and
rGO-CGY-10, (d) the intensity ratios of D-band and G-band and the full
width at half maximum (FWHM) of the D-band for the GO-CGY-10 and
rGO-CGY-10.

Fig. 4a shows changes in surface wettability of the pristine CGYs after
graphene coating. The contact angles of CGYs increase greatly from
around 20° for the pristine CGYs to about 150° for the rGO-CGY-10
cycles. The pristine CGY is hydrophilic material, graphene is the
hydrophobic material, when the pristine CGY is coated with graphene,
and the corresponding contact angle gradually increases. The typical
tensile strain curves of CGYs with various pad dyeing cycles in Fig. 4b
exhibit the CGYs possess different mechanical properties. Fig. 4c
shows with the increase of pad dyeing cycles, the breaking strength of
the CGYs increases from about 168 cN to 195 cN after 10 pad dyeing
cycles. Fig. 4d shows the tensile strain of the rGO-CGY-10 has
decreased to 4.1% from the pristine CGY’s 7.2%. It is obvious that the
pad dyeing method can improve the breaking strength of CGYs.
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Fig. 4. (a) the contact angle of the pristine CGYs after graphene coating,
(b) the stretch curve of CGYs, (c) the breaking strength of the graphene-
coated CGYs, (d) the tensile strain of the graphene-coated CGYs.

Fig. 5a presents the FTIR spectrum corresponding to the pristine CGY,
GO-CGY-10, and rGO-CGY-10. The peak at 1645 cm-! (C=0 stretching)
disappears and the peak at 2900 (asymmetrical C-H stretching) and
3340 (OH stretching) cm-! become weaker, which implies that GO on the
surface of CGY is successfully reduced to rGO after the treatment of
ascorbic acid. Fig. 5b shows changes in the characteristic absorption
wavenumbers of intramolecular hydrogen bond. It reveals that the
content of O(6)---O(3') in CGY decreases during the treatment. Fig. 5¢
shows the binding mechanism between the pristine CGY and graphene,
which shows that oxygen bond and Il are mainly combined in the
reduction process.
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The Fig. 6a shows that the electrical conductivity of rGO-CGY-10 is
obviously improved and exhibits high electrical conductivity of 7 S/m. The
range value of the additive concentration of GO solution (Fig. 6b) is 3.665.
Therefore, the electrical conductivity of rGO-CGYs depends largely on
the additive concentration of GO solution. Fig. 6(c, d) shows that the
volume conductivity of the rGO-CGY-10 still maintains a high level when
yarns are washed with deionized water and laundry liquid for 60 mins.
The relative resistance change of the rGO-CGY-10 with 50% bending
and 75% bending in Fig. 6(e, f) show that CGY has a very limited
response to bending, which means that the graphene-coated CGYs have
certain anti-interference performance to bending and shows great
potential in flexible wearable electronic devices.
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IV. Conclusions

In this work, we report a conductive CGY through pad dyeing with
graphene, showing better mechanical properties, mass production,
high performance and excellent stability in conductivity. The pad
dyeing for preparing conductive CGYs can be rapidly extended to almost
any other yarns, paving a new way for developing large-scale production,
low-cost, and high-performance conductive yarns.
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Introduction
In this research, an epoxy resin mixture composed of epoxy and phenol monomers is used to prepare
thermoplastic epoxy polymer (EP-TP) through a curing reaction and shape memory thermoplastic
epoxy filament (SMEF-TP) was successfully developed for the first time through a melt-drawing
process. The developed SMEF-TP shows excellent shape memory performance and thermal actuation

capability, which provides huge application potential in the fields of soft actuators, artificial muscles,
and smart textiles.

Experimental process

4 =)\
(a) DSM Xplore Compounder 15
Speed: 40RPM Feeg“et
&
Temperature “
Front  Rear
290°C  #290°C ‘.
— &
Y ©295°C  295°C "
annesso;x +300°C +300°C "
= 5 »
Heat Stir cmmmg>
160°C (% @ ; 150°C & e
e Drying oven O
Magnetic stirring hot plate L ‘ \& )
(b)10r 250 . == ©
5 (©) - o) 1
R 1
I R '
&”/ Pas - i Hot stretchiny |
" = = Hot shrinkage = ,:Ztc?(:.‘::'&?ﬁg millm and cold»:etltigg = | E
)4 - - 1
p== [
Hot recovery : =
et pog
spinning £
= |
|
|
! ——80 r/min 100 r/min
| —— 120 t/min 140 t/min
o 0 5‘0 I(‘)ﬂ I;q 260_ 2;0 3(‘)0 3;0 e 7wl :Chucks ISMEF-TP === : Molecular segments of SMEF-TP : 0 0 5‘0 160 1é0 260 250 360
e L] | Strain (%)
= 1 3.0
(=0 A Tleycle | 2cycle ' 3cycle ! dcycle | 5 cycle 5 (e = ()
180 250 ' ' ' ' 10 H W@
| | H | : i 25
160} 2251 ' ' ' | s R _
140f. ~20F : 1 ' ' : 0.5 Lo T HE— ! £r§_
O\rs : : : : : = = {0 % R X | — P2 20
ST ' : ; : ] -005 12 — ST B -
0 150l ' ' ' | ' 1 — ) = . e
= 100 §::Z ' ! | ! ' 055 E T s ,T' = 1 .§ o b o 1.55
Blal &' °F H 1 H 1 i s 2 I r G M
@ T Sl : : : : : 102 S1or ‘ i gos 3. 10
0 Strain | : ' ' i 0.8H va ] .
20k o5ll zone : : : -2.0 H /
o A o 252 E i o . . g
0 400 300 300 300 300 30 60 15 20 25 30 35 40 I S5 75 700 e
Time (min) Strain (%) Temperature (°C)

Through shape memory experiments, it is revealed that the SMEF-TP has excellent shape memory
performance. The shape fixation rate can reach 97%, shape recovery rate can reach more than 97%, and
cyclic test showed good stability. The shape recovery stress of SMEF-TP was further tested to show
that it can stably respond to temperature, and the shape recovery stress increases with the increase of
strain, reaching 1.45 MPa at a strain of 35%.
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Introduction

The rapid development of electronic equipment, and wireless communication has caused severe electromagnetic pollution.
Carbonaceous materials such as graphene, carbon nanotubes, and hollow carbon spheres exhibit tremendous potential as
microwave absorption materials. However, pure carbon materials suffer from single loss mechanism and poor impedance
matching. Egg white is a sustainable biomaterial containing C, S, O, and N. Herein, we aim to explore a simple and low-
energy method for fabricating egg-white-derived microwave absorption (MA) materials for use in two main steps: mixture
and pyrolysis. This study is the first to consider egg white as a source for carbon and sulfur; in addition, €°2*, Ni**, and Fe3*
are chosen as additives to form magnetic components.

Experimental process
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Results and discussion

—— EWC-0
—— EWC-1
——EWC-2
—~—EWC-3

—

4 6 8 10 12 14
Frequency (GHz)

——EWC-0
v —— EWC-1
K ——EWC-2
B & ——EWC-3
0 — 9mm E 3 ,'.‘,
_ 8 — 10mm Both the anlysis on dielectric and magnetic loss 0.2 Y M
E 6 shows FeCoNi alloy enhance loss capability of egg 01 f b
£ white derived composites. Multiple polarization,
i e " eddy current loss and magnetic resonance attribute to 0‘02 4 6 8 10 12 14
o2 4 6 8 I 12 14 16 18 excellent MA performance. Frequency (GHz)

Frequency(GHz)

Conclusions
> The S-doped carbon flake possesses multiple polarization relaxations but poor impedance matching, leading to low
microwave absorption performance with an RL value of less than —10 dB.

> When regulating amount of FeCoNi alloy in S-doped carbon, a strong microwave absorption intensity (—47.09 dB
at 13.8 GHz) while the thickness is 1 mm.

[ The moderate polarization relaxation and conductive loss in dielectric and obvious natural resonance in magnetic
loss result in enhanced MA performance.
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Introduction

BaTiO, (“BTO” for short below) is one of the widely used typical piezoelectric materials. As is widely known, BTO is an
artificial mineral and does not occur in nature, so it has various forms depending on the synthetic method. In recent years,
nanostructured materials have received a great deal of attention because of their unique shape and size, which allows them to
combine multiple types of materials to create new materials with innovative properties. In this study, uniform BTO
nanoparticles were synthesized via a simple wet chemical route at low temperature (50 °C and 65 °C). This study describes
possible synthetic mechanisms of BTO nanoparticles.

Experimental Process

———BTO Synthesis Mechanism ————

D TiO, + 2NaOH — Na,TiO; + H,0
@ Na,TiO; + 2HCI — H,TiO, + 2NaCl
® H,TiO, + Ba(OH), 8H,0 — BaTiO, + 10H,0

@ The newly formed white precipitate was magnetic
stirred with 0.1 M HCI aqueous solution for about 1.5 h to
exchange Na* with H*. Afterward, the treated sample was
washed repeatedly with distilled water until the pH level
was almost neutral. Finally, the resulting white precipitate
was dried under vacuum at 50 °C for 24 h.

@ The prepared H,TiO, and Ba(OH), 8H,0 was added to
ethanol/water mixed solvent in a beaker. Afterward, the
beaker was put into water bath for 4 h under magnetic
stirring. After the reaction was completed, the beaker was
taken out. The resulting product was washed sequentially
with 0.1 M formic acid, ethanol, and distilled water. Finally,
the final product was dried under vacuum at 50 °C one day
for further characterization.

@ TiO, powder was added to 10 M NaOH aqueous
solution and magnetic stirred at room temperature for 12 h.
Next the mixed suspension was transferred into Teflon
lined autoclave, and the autoclave was then sealed and
placed in oven and heated to 150 °C, for 48 h. The newly
formed white suspension was separated from the liquid by
centrifuge and washed with deionized water.

Results and Discussion

=] =50% _65°C

T 45% 65 °C

. =40 % 65 °C

8 =50 % 50°C

2 45% 50 °C

A 5 ’ 2 5 —40 % 50 °C

20. kv bi¢ 2 Benm h e X156k ' ‘2b@nm ok 2o nm é 5 8 5
FE-SEM Images of TiO,, H,TiO, and BaTiO,. = § o | Q o

TiO, was obtained from Sigma-Aldrich Co. LLC. The FE- ﬂ il ﬁ } N A A § P g.‘)
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and @ described in the previous section, the H,TiO,
nanotubes were obtained and can be seen from the FE-SEM

30

image. After completing the final task @, the BTO
nanoparticles were obtained. The experimental conditions
were ethanol/water mixed solvent with 50 % ethanol by

volume, and the temperature of the water bath was 50 °C.

This figure shows the X-ray diffraction (XRD) pattern of
BTO nanoparticles synthesized by the above method. In the
figure, % means ethanol volume ratio of the ethanol/water
mixed solvent, and °C means water bath temperature.

Conclusions
The results of the XRD analysis present all diffraction peaks can be labeled and assigned to the cubic crystal structure of
BTO, and the lattice constant is indexed as a = 4.031 A; b = 4.031 A; ¢ = 4.031 A, which exactly match the reported data
(JCPDS Powder Diffraction File Card No. 31-0174). In this study, BTO nanoparticles were successfully synthesized by a
simple process at low temperature. It was found that the ethanol volume ratio of the ethanol/water mixed solvent and the
water bath temperature play important roles in the synthesis. When the water bath temperature was 50 °C, the ethanol
concentration (40 %, 45 %, 50%) had a great effect on the crystallinity. On the other hand, when the water bath temperature
was 65 °C, there was no significant difference in crystallinity due to the change in ethanol concentration (40 %, 45 %, 50%).




Eelectromagnetic waves propagation in carbon fiber composites
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Introduction
In recent years, the electronic innovation (gadgets) has been expanding in the assembling business and the data business. This expands

the odds of openness to electromagnetic waves. Since electromagnetic waves may influence human wellbeing, the researches on
electromagnetic protecting materials become more and more significant. This study utilizes the finite element analysis of dynamic
electromagnetic wave (EMW) propagation to investigate the impact of EMW in various carbon fiber composites. The results obtained may

give a guidance of designing optimal EMW shielding materials for protecting human life and electric devices.

Simulation process -
O Modeling the sample
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Reflectivity: . v TR _ o , _
R=IE /E.[2=[S... P(=[S..[2 Fig. 1. S-parameters Fig. 2. The models of unidirectional CFRP and Carbon fiber fabric
|EJEP=1S,,P(=IS,,1)

Transmission rate: Calculation of shielding effect SE (dB)  =» The EMW analysis model comprises of three sections. Two air parts on
T=EJE =IS,,A(=IS1,1%) EMI SE=SE+SE,+SE, 5 the two sides of the material sample, the incident EMW propagates through
Absorption rate: EMI SE=SEL+SE,+SE 5 the sample and the transmitted EMW is obtained and analyzed.
A=1-R-T SEp=-10log(1-R) = Material models as shown in Fig. 2. CFRP comprises of two sections,
Specific Absorption Rate: SE, =-10log(1-A ) resin part and fiber part. Changing the property of the material, structures,
A= (1-R-T)/(1-R) =-10log(T/(1-R)) may result in different EMW performance.

Results and discussion
I -

i = In this work, electromagnetic waves are propagated from the left side and sent
L iR ] 898 to the right side. On account of the model with 0° fiber orientation, the fiber
N Asdad 31 ‘ il J‘_j_‘ direction is the same with the electric field vibration, so the electromagnetic
Fig. 3. Electric field propagation when fiber direction  wave was shielded obviously, that is the EM interference effectiveness (SE) is
relative to the direction of electric field oscillationis 0 |arge, while for the model with 90° fiber orientation the SE value is confirmed
and 90 degrees, respectively. being small. It is found the SE of electric field deeply depends on carbon fiber

< Hweofemben  grientation in unidirectional CFRP composites.

T

T

- aZtine " = In Fig. 4, the SE of the single-layer carbon fiber texture is 50 dB. By
e T N oo Sandwiching a layer of Teflon between the two layers of carbon fiber texture, a

e T T more steady protecting material is obtained, and its SE value reached to 60 dB,
& i while a model with one layer of carbon fiber texture coated by 0.05 mm copper

St (o layer shows a comparable result of 63dB. The models made of two layers of
meatedmodd carbon fiber fabric sandwiched by inserting a metal plate, such as, copper or
= \.ﬂ/\,_\ cepper 003w and aluminum achieved fantastic electromagnetic wave performance. The one
. ~layer carbon fiber fabric coated by nickel and copper, 0.05mm, in both side,
mm seneamoss respectively, its SE value reached to 70 dB. The results indicated the EM

“s 10 © 1 cemer00snn Shielding effectiveness is designable and controllable, and can be predicted by
Fremenee (©89 Comm == simulation analysis.

Fig. 4. Thickness effect of carbon fiber fabric

Conclusions

= The electromagnetic wave shielding effectiveness (SE) of unidirectional CFRP material is analyzed and predicted by finite element
analysis. The results indicated the SE value depends on fiber orientation deeply, an obvious anisotropic EM shielding performance is
confirmed by this simulation approach.

= Various models with carbon fiber fabric, multi-layer or coating with a thin layer of metal and/or sandwich structures, it is shown that
the EM shielding effectiveness is designable and controllable. By coating two layer of metal, copper and nickel, the SE value reached to 70
dB,. All of the results show that the proposed the simulation analysis of electromagnetic wave propagation is an effective way to analyze
and predict the EMW performance in CFRP composite materials.
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@ ##242¢  Effect of filaments diameter on the mechanical properties of wrap
hybrid CFRP

Xia CL1 and Ruan FT1
1.Anhui Polytechnic University, Wuhu, China,

Introduction

Unidirectional fiber-reinforced composites are affected by failure mechanisms such as fiber buckling instability in the
direction of fiber axial compression, and their compression failure resistance is poor, which limits the further application of
fiber composites.In this paper, the vine-like structure of carbon bundles was designed through polyester fibre wrapping for
better mechanical properties. The effect of wrapped hybrid structure and diameters of polyester fibre on the mechanical
properties of carbon-polyester fibre/epoxy unidirectional composites was investigated experimentally. Five kinds of

specimens with different polyester filament diameters were produced. The impact, tensile and unidirectional compressive
properties of WHC (Wrap Hybrid Composite) were measured.

Experimental process

The Wrapped carbon fibre bundles with mono-fila- ment Hybrid Composite (WHC) were prepared using a custom winding
machine and VARTM method. Firstly, the PET filament was wrapped on a spool rather than having a sleeve on the hollow
shaft. With the carbon bundle throughout the centre of the shaft, the PET filament wrapped the carbon fibre upon spool

rotation. Then, a unidirectional fabric was pre- pared by a rotary arrangement method. Four layers were paved for a
composite laminate, and composed with the epoxy resin used the VARTM process.

|
\l/

k3 .
A T - ’ Warp I—)’ Array ]—) ’ Paving I — ‘ Molding‘
Tl Carbon fiber buckling
Fig. 1. Vine-like structure Fig. 2. Schematic diagram of  Fig. 3. Schematic of the preparation
carbon fibres buckling in the wrap  process for WHC
process

Results and discussion
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Fig. 4. Effect of diameter on the impact Fig. 5. Effect of diameter on the tensile Fig. 6. Effect of diameter on the
strength.Figure shows the effect of fibre strength.Figure shows the effects of fibre compressive strength.alters the
diameter on the impact strength of the diameter on the tensile strength of the material. compression fail- ure mode of the
material. As can be seen from the figure, As can be seen from the figure, wrapping with composite material and improves its
fibre wrapping improves the impact polyester fibre contributes little to the tensile performance during compression. The
resistance of the composite material. Impact strength of the composites. Moreover, the use of finer PET fibers can more
strength decreases as diameter increases and performance of the composites decreases with effectively enhance the compression
is highest for a diameter of 0.4 mm. increasing polyester fibre diameter. properties of composite materials.

Conclusions

1.Polyester fibre wrapping improves the impact strength of the composites, which increases and then decreases as the diameter of the
polyester fibre increases. The maximum impact strength of 62 KJ/m? was reached when the polyester fibre diame- ter was 0.4 mm,
representing a 147% enhancement compared with the unwrapped material.

2 Wrapping with polyester harms the tensile properties of the composites because buckling of the carbon fibre can happen during
wrapping, the degree of which has a great influence on the tensile strength of the composites. Moreover, the polyester fibre does not
play a significant role in preventing tensile failure, and thus the tensile strength of the material drops.

3.Fibres with higher tensile strengths provide better impact resistance, while thinner wrapping fibres enhance the compression
properties of the compos- ite material more effectively.
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Preparation and properties of multilayer sound absorbing

materials based on waste PPS filter materials
Zhang Shucheng, Xing Jian, Xu Zhenzhen*

Introduction Material preparation drawing

Filter bag

\x‘!

With the development of modern industry, tens of thousands of PPS filter

Alkali washing Hot air forming treatment

materials are replaced every year. However, waste PPS filter materials are :
difficult to degrade in the natural environment. At present, the main :
treatment methods are stacking, landfill and incineration, resulting in serious :

environmental pollution; Noise pollution has a serious negative impact on ors PPS
people's hearing, nervous system and psychological state, so noise prevention :

and control has also become a key concern of the society. Therefore, it is - 1
proposed to use waste PPS filter material to prepare sound-absorbing and : S /=>

sound-insulating composite materials, which can not only solve the treatment :
problem of waste PPS filter material, but also reduce noise pollution. :

PP
Results and discussion:
1. Morpholog1cal analy51s
~ " . ¥R The cross section of the 3. Bursting strength analysis
composite becomes
more regular, the interior
of the material becomes B %EES ?;:m In PPS +PU + PPS
more compact, the voids :j : structure, when the

between fibers become film thickness

Cross section shape Composite section  smaller and more dense, : & I'; increases from 0.05mm
of PPS filter bag shape the middle layer 2 to 0.2mm, the bursting
. . . : 208t .
obviously has the adhesive formed after the melting of PU film, the cross E ol strength increases by

6.3% and 11.4%

: respectively.In PPS +

2. Infrared and DSC test 00 PU*PPS+ PUFPPS
structure, when the film

thickness increases from 0.05mm to 0.2mm, the bursting

strength increases by 5.7% and 13.0% respectively. It can be

seen that the bursting strength decreases with the increase of]

composite thickness.

section becomes more flat, and the number of scattered fibers decreases.
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4. Sound insulation performance analysis
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Conclusion PPS+PU+PPS PPS+PU+PPS+PU+PPS

Comparing the sound insulation performance of the two
structures, it is found that the growth mode of transmission
loss is obviously different in the high frequency stage. In PPS

1. The crystallinity and thermal stability of alkali washed waste PPS filter
material decreased because it was oxidized at high temperature during use,
and the PPS macromolecular chain was oxidized, broken and crosslinked,

resulting in the formation of some small molecular substances.

2. In the two structures, the bursting strength is positively correlated with
the thickness of PU film.

3. PPS + PU + PPS + PU + PPS structure can reach 41db at high frequency,
with good sound insulation performance.

+ PU + PPS structure, the transmission loss increases with the
increase of frequency, up to 37dB; In the PPS + PU + PPS +
PU + PPS structure, although the frequency continues to
increase, the transmission loss remains flat and can reach up
to 41dB.
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Design of reinforced structure on 3D tubula composites

Min Erjun, Song Luping, Wang Hong, Wang Xu*
Anhui Polytechnic University, Wuhu, China.

Introduction

3d tubular composite is a 3d tubular woven composite reinforced by resin matrix. It has the advantages of light weight, high specific stiffness and strength, excellent fatigue resistance, high temperature

and corrosion resistance, etc., and is widely used in satellite, missile, construction, pipeline repair, ship, aerospace and other important fields [1l.

Tubular tissue and three dimensional woven fabric are common, but the combination of the through-orthogonal tissue or angular interlocking tissue as the wall tissue and tubular tissue is rarely described
in detail.In this paper, the combingtion of the two kinds of wzlll tissue and tMr tissue is proposed for reference.

Experimental process

The experimental materials

3d tubular fabric can be woven. The warp and weft yarn can be sample woven with PET or PP non-twisted chemical fiber filament.In this experiment, PET polyester (polyester filament) was used for both
warp and weft yarns.The polyester filament used in this experiment is produced by Yizheng Company, Sinopec. The specification is 1111DTEX /192F, that is, the linear density is 1111 minutes. It is composed
of 192 polyester monofilaments.

Experimental design Steps

The structure design of tubular three-dimensional woven fabric is divided into three steps:

(1) Select the surface structure of tubular three-dimensional woven fabric;

(2) Table tissue according to the "negative turnover" method to get the inside tissue;

(3) According to the arrangement ratio of the warp and weft inside the surface and the method of layered weaving, the structure diagram of the three-dimensional tubular woven fabric is determined.

The basic structure of three-dimensional tubular woven fabric can be selected through orthogonal, angular interlocking or multilayer.

Results and discussion

According to the design steps, the design process of the tissue chart is discussed by selecting the
orthogonal through tissue and the through Angle interlock respectively.
1 through orthogonal tubular 3d tissue design
FIG. 1-1 shows a schematic diagram of three-dimensional tubular woven fabric based on
three layers of orthogonal weft-through-type structure. Blue is the warp yarn, yellow is the
ground weft, and green is the through-weft.

2 through Angle interlocking tubular three-dimensional structure design

As shown in figure 2-1 on the left, the four-
layer angular interlock structure is taken as an
example. The circle in the figure is the weft yarn,
and the number of the weft yarn is inside the
circle.The line is the warp, and the bottom side is
the number.

290

e
A

Figure 2-1 Schematic diagram of four-layer angular interlocking structure
The three-dimensional angular
interlocking tubular tissue can be
obtained by using the angular
interlocking tissue as the tube wall tissue

(xx)

(a) Perspective view (b) cross-section view

Figure 1-1 schematic diagram of three-dimensional tubular woven fabric based on three layers of orthogonal structure o)

The tubular three-dimensional woven fabric shown in Figure 1-1 is composed of warp, ground combined with tubular tissue.The "
and through-weft. The warp is divided into outer, middle and inner layers, and the adjacent warp angular interlocking tissue was selected
layers are supported by a layer of ground weft, which is then fixed by the through-weft to form a as the table tissue, and then the inner ®
whole structure. tissue was obtained by filling in the n
tissue points according to the negative i -
turnover method. The inner and outer
FIG. 1-2 on the left is a schematic diagram of three- tissues of the four-layer angular o
dimensional tubular woven fabric based on three layers of interlocking tubular three-dimensional ITENV

fabric are shown in Figure 2-2-(a)-(b) on

th I text f weft th h type.
orthogonal texture of weft through type the right,

a) Table organization b) Inner organization
Figure 2-2 Three-layer angular interlocking tubular tissue table tissue and inner tissue

When the double layer structure is woven, the yarn is divided into
two layers to be woven respectively. When the upper layer is woven, the
upper layer is divided into two layers to interweave with the surface
weft, and the inner layer is all lowered to the bottom.When the lower
layer is woven, the surface warp is lifted in all layers, and the inner warp
is divided into two layers and the inner weft are interwoven, while the
inner weft and the surface warp are not interwoven.The tabular and
inner arrangement ratio of tubular tissues was 1:1, and the tabular and
inner tissues were embedded one to one.When the heald is passed
through, the table warp is successively passed through the odd heald
frame, and the inner warp is successively passed through the even heald
frame.lIt is similar to the method of weaving the tubular three-
dimensional structure through the orthojunction.Figure 2-3 on the left
shows the three-dimensional structure diagram of the angular
interlocking tubular woven fabric. Figure 1-4 shows the meaning of
each mark in the figure.

FIG. 1-2 Three - layer orthogonal

) From the analysis of the figure above, it can be seen that the number
structure of weft penetration

of weft layers in weft-through-type orthogonal structure is one layer less
than that of warp layers, and is fixed by two through-weft yarns.Figure
1-3 on the left shows the structure diagram obtained according to the
interweaving law of Figure 1-2. A complete structure is composed of 6
warp and 6 weft yarns, in which warp yarns are numbered 1~6 and weft
yarns are numbered M~®).

12354 88

Figure 1-3 three - layer
organization diagram through the
orthogonal tissue

The surface microstructure and inner
microstructure of tubular 3d woven fabric satisfy
the relationship of "film reversal".FIG. 1-4-(b) is
the inner microstructure chart obtained by
"negative turnover" method with FIG. 1-4-(a) as
the tabular microstructure, in which the warp is
represented by number 1~VI and the weft is

1 $ 56

Figure 2-3 structure
diagram of Angle
interlocking tubular 3 - D

‘ woven fabric

a) Table organization
Figure 1-4. Table and inner tissue diagrams of the three layers of
tubular three-dimensional tissue running through the orthojunction

represented by number (1)~(V1).
D ERE e TEIRIET 6 Figure 1-5 on the left is the three-dimensional tubular woven fabric|
off @ W N | structure diagram through the cross section. Firstly, the arrangement ratio The simple and convenient
2 ﬂx o0 ﬁxvo 0 of the inner warp and inner weft is determined according to the tubular threading method was also used to draw
woixlolxlolxio] [o] [0 texture. For example, the inner warp =1:1 and the inner weft =1:1, then the machine diagram of the four-layer
,fﬁ,!xE ! Tolxiol Tol the inner warp should be successively inserted into the odd heddle frame angular interlocking tubular tissue, as
ol W | B B and the inner warp into the even heddle frame.Organize the odd- shown in Figure 2-4 on the right.
I o xoxo O X|0/X O] -
oM | numbered columns (from left to right) and odd-numbered rows (from
8 T | ﬁx “5 B bottom up), and organize the even-numbered columns (from left to "g"htl)l Figure 2-4 Computer diagram of the four-layer angular interlocking tubular structure

and even-numbered rows (from bottom to up).For the difference, "n
represents the table organization point, "X" represents the table
organization point, and "O" represents the weft organization point of the
table and the inside organization.Note also that all the warp needs to be
lifted when the inner weft is knitted, denoted by “O".
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Figure 1-5 Structure diagram of three-
dimensional tubular woven fabric through
orthojunction Finally, the flat loom is started according to
the drawing of the machine, and the small
sample is obtained, as shown in figure 2-5 on

the left.

The simple and convenient threading i
method was used to draw the machine diagram i
of the four-layer angular interlocking tubular .
tissue, as shown in Figure 1-6 on the right.

Figure 2-5. Four layers of angular interlocking
tubular 3d fabric preform

T
Figure 1-6 Computer diagram of three layers of tubular three- |
dimensional tissue running through the orthojunction

- Conclusions

Combined with the characteristics of the tubular fabric and the plane three-dimensional structure, the through-orthogonal structure and the Angle interlocking structure were used as the tabular structure
respectively, and the inner structure was obtained by using the negative turning method, and then the structure chart of the tubular three-dimensional woven fabric was designed by the method of layered
weaving according to the ratio of the outward-inside warp and the outward-inside weft 1:1.The experimental results show that the proposed design method is feasible and effective, which provides a valuable
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) 4 #Preparation and properties of flame retardant polyester/cotton blended fabric by layer-by-layer
assembly polyethylenimine/phytic acid
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Polyester/cotton fabric has the advantages of good dimensional stability, small shrinkage rate, not easy to crease, easy to wash and quick to dry,
etc., which is widely used in the fields of clothing, family curtains, bedding and industrial textile fabrics. However, polyester/cotton fabric is a
flammable material, and its limit oxygen index value is only about 18%, and due to its special "wick effect", it is more difficult to flame retardant,
research on improving the flame retardant properties of polyester/cotton fabric is particularly important.

At present, the flame retardants commonly used in polyester/cotton fabrics are mainly halogen and phosphorus. As is known to all, although
halogen flame retardants have good flame-retardant effect, they will produce toxic gases such as dioxins in the process of combustion, which
seriously harms personal safety and the environment. Their use has been limited. Environmental protection without halogen is a hot research topic of
flame retardants nowadays. In recent decades, phosphorous, nitrogen, boron, silicon and other halogen-free flame retardants have attracted more
and more attention. Among these flame retardants, phosphorous flame retardants have been paid great attention by researchers because of their
low toxicity, low flue gas release and halogen-free characteristics. As a green and renewable organophosphorus system, biophytic acid (PA) has a high
phosphorus content of up to 28 %, which has great potential as a flame retardant

In recent years, the research on the flame retardancy of phytic acid bio-based materials has been deepened. Liu huiliang et al. used phytic acid,
glycerin and urea to form a new type of expandable flame retardant for flame retardant finishing of cotton fabric. After finishing, the LOI of the fabric
is obviously increased, the heat release rate is decreased, but the durability is poor. Chen Wei et al. applied LBL method to finish chitosan and sodium
phytate on polyester/cotton fabric modified by dopamine. After finishing, the LOI of polyester/cotton was significantly increased, but after 10 times
of washing, the LOI decreased to 22.1 %.

D TpUN

1. Preparation of PEl and PA solution

3.0g PEI was weighed and placed in a certain amount of deionized water to prepare a 3% PEIl solution. In addition, a certain amount of PA (mass
fraction of 50%) was put into a 500 mL beaker, and an appropriate amount of deionized water was added to prepare the solution with mass fraction of
1.5%, 2% and 3% PA for use.

2. Preparation of flame retardant polyester/cotton fabric

The polyester/cotton fabric was immersed in 3% PEI solution for 15 min, and then dried at 80 °C. The samples were then immersed in the solution
with different mass fractions of PA for 15 min, and then removed and dried at 80 °C. To complete a layer of PEI/PA assembly, the above assembly
process was repeated. After four times of assembly, all samples were washed with deionized water for 2 min, and then dried at 80 °C.

SRR

Table2 Fl properties of]
fabrics before and after flame-retardant finishing

SESHEANE

PAd 6313 318 985
Pas 6756 323 280

(a) TcH=

) 2Ex | L0l S
=a [rrapr—— ‘) untreated (b) PA =
%% Bt =
=mm H - -
FER - 177 300 141 0
PAz | 40 7 1mS v [
FAD 3579 308 s [} 0 100 200 300 400 s00 “on
Pac 00 a5 o v 0 i
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Ce) PAd d) PA-s
Fig 2 SEM photos of polyastar/cotton fabric baforz and after

flame retardant finishing (X< 3000) =~

The LOI value of the finished fabric was The surface of unfinished polyester/cotton i
also proportional to the weight gain rate. And fabric is smooth and clean, but the surface of %
all the samples after finishing the combustion polyester/cotton fabric becomes rough after f
time and smoldering time are 0 s finishing with PEI/PA flame retardant. =

o 200 00 @00 0 e
Ceraa e Ao wrrc
B
rhe
b) DTG £
Fiz 5 TG and DTG curvas of polystar/cotton under nitrogan
atmosphers

After finishing, the polyester/cotton fabric has
two weight loss stages, corresponding to the
thermal decomposition of polyester and cotton
components respectively, and the thermal

4000 3500 3000 2500 2000 1500 1000 500

PeH/om™

/e After finishing, 1640 cm™ absorption peak decomposition temperature decreases significantly.
After 20 washes, the LOI value of appeared in FTIR curve, which belonged to -N-H- At 600 °C, the carbon residue of unfinished
the finished polyester/cotton fabric stretching vibration peak in PEI structure, and 1200 polyester/cotton fabric was 5.4 % and PA-E was
is generally 26 %, indicating that it cmt and 930 cm absorption peak appeared, which 38.2%. The carbon residue of finished
still has flame retardant property. belonged to P=0 and P-O stretching vibration peak in polyester/cotton fabric was much higher than that
PA structure. of unfinished fabric.

ik

1) PEI/PA flame retardant coating was constructed on the surface of polyester/cotton fabric by layer self-assembly method. Compared with unfinished polyester/cotton fabric,
the surface of PEI/PA finished polyester/cotton fabric becomes rough, and the characteristic absorption peaks such as P=0, P-O and -N-H- appear in the infrared spectrum,
indicating that PEI/PA flame retardant coating has been successfully constructed on the surface of polyester/cotton fabric.

2) PEI/PA flame retardant coating can obviously improve the flame retardant property of polyester/cotton fabric. After finishing, the LOI of polyester/cotton fabric can be
increased to 32.3 %, the damaged length can be reduced to 98 mm, and the finished fabric has excellent drop-resistance.

3) The LOI value of PEI/PA flame retardant polyester/cotton fabric can be retained at 26 % after 20 times of washing, indicating that PEI/PA flame retardant polyester/cotton
fabric has good flame retardant durability.

4) The results of thermogravimetry showed that the initial decomposition temperature of polyester/cotton fabrics could be decreased after PEI/PA flame retardant finishing,
and PEI/PA could promote the formation of stable carbon in polyester/cotton fabrics.
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Fig 1.4 Schematic diagram of high voltage electrospinning of wool keratin and PAN
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@ S%WW"'? Efficient graft copolymerization of glycidyl methacrylate at wool surface
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Wool macromolecules have a large number of disulfide bonds, which can be reduced to sulfhydryls (-SH groups) by the treatment of thioglycolic acid to wool. By the strong
reducibility of -SH groups, wool-g-poly(glycidyl methacrylate) (wool-g-PGMA) can be prepared by graft copolymerization of wool with GMA by building an redox system between
-SH groups and sulfhydryl ammonium persulfate (APS). Wool-g-PGMA was characterized by the analyses of Fourier transform infrared (FTIR) spectroscopy, scanning electron
microscopy (SEM), thermogravimetric (TG) and x-ray diffraction (XRD). Influences of molar concentrations of monomer and initiator as well as reaction temperature on grafting
ratios were investigated. The experimental results showed that the -SH groups/APS redox system built could effectively initiate graft polymerization of lipophilic GMA on wool
surface in an aqueous medium. The suitable process parameters of graft copolymerization were: 0.6 mmol/L molar concentration of GMA, 3.0 mmol/L molar concentration of
APS and reaction temperature of 50°C. At the suitable parameters, grafting ratio of wool-g-PGMA showed a maximum value of 195.8%, indicating an efficient graft
copolymerization was achieved. The copolymerization could obviously reduce degree of crystallinity of wool. The wool-g-PGMA had higher thermal stability than raw wool at the
temperature of below 406°C by performing the TG analysis. The measurement of oil absorbency and oil retention revealed that wool-g-PGMA could improve the high-value
utilization of wool in the application of oily wastewater treatment.

SLH

The surface-initiated grafting method refers to introduction of the active sites on the surface of the matrix and subsequently introducing the grafted branches into the sites
of the matrix surface. Active sites include polymerizable double bonds and initiating groups. In order to confirm the types of active sites in the graft polymerization of this work,
the controlled experiments of preparing wool-g-PGMA samples are performed, as shown in Table 1. The graft copolymerization in the experiments (I, Il and 1) contained the
addition of APS solution (3.0 mmol/L) used as the initiator whereas the copolymerization in the experiments (IV, V and VI, as the contrast) did not contain the addition of APS.
The experimental results showed that the wool samples without adding the initiator had no increase in the weights, which indicated that the graft polymerization was initiated
by the -SH groups/APS redox system.

The preparation process of initiating graft polymerization of GMA on the wool surface by -SH groups/APS redox system is shown in Scheme 1. The disulfide bonds on the
wool molecules are reduced into the -SH groups by the treatment of thioglycolic acid to wool. The -SH groups can constitute redox system with the APS in an aqueous medium.
The -SH groups cause the decomposition of APS to produce sulfate free radicals at a lower temperature, meanwhile the hydrogen atoms on the -SH groups of the wool surface
are transferred to the sulfate free radicals. As a result, a large number of sulfur free radicals are formed on the wool surface, which directly initiates the graft copolymerization of
GMA on the wool surface, introducing grafted PGMA branches onto the wool surface and forming the wool-g-PGMA samples with high grafting ratios.

SRR

When the molar concentrations of APS and GMA were 3.0 mmol/L and 0.6 mmol/L, respectively, influence of reaction temperature on the 5,
graft copolymerization of GMA on the surface of wool was investigated, as shown in Fig.1. It could be seen that the grafting ratio of GMA was
dependent on the reaction temperature. In the temperature range of 15-70°C, grafting ratio gradually increased, reached its maximum value of
195.8% when the temperature was 50°C, and then decreased. When the temperature was lower than 50°C, the decomposition rate of the APS
increased as the temperature raised, leading to an increased grafting ratio. However, as the temperature was more than 50°C, the
decomposition rate of the APS would increase rapidly, which might result in an increase in the homopolymerization of GMA due to the obvious
increases in the amounts of free radicals in the reaction system. For the reason, a reduced grafting ratio could be expected as the temperature )

exceeded 50°C. Accordingly, we concluded that the appropriate reaction temperature under the given process conditions was 50°C. P e
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Fig. 4 shows FTIR spectra of raw wool, sulfhydrylated wool and wool-g-PGMA samples. The peaks appeared at 2960 cm-1, 2956 cm-1
and 2953 cm-1 corresponded to the characteristic absorption peak of the C-H. And the peaks at 1644 cm-1, 1542 cm-1 and 1390 cm-1
correspond to the amide | band (C=0 telescopic vibration peak), the amide Il band (N-H expansion vibration peak), the amide Il band (C-N
telescopic vibration peak), respectively. In addition, a new peak appeared at 2560 cm-1 in the spectra of sulfhydrylated wool (Fig. 4(b)), which
belongs to the characteristic peak of sulfhydryl groups and indicates the successful introduction of the sulfhydryl groups on the wool surfaces.
There was no sign of this bond in the spectrum of the wool-g-PGMA (Fig. 4(c)), and there were two new peaks appeared at the wavenumbers
of 1728 cm-1 and 906 cm-1. The peak at 1728 cm-1 corresponded to the characteristic absorption band of C=0 in the PGMA branches. The
other one appeared at 906 cm-1, which indicated the asymmetric absorption vibration of the epoxy groups. The two new peaks demonstrated <o 550 Sw0 2500 2000 1500 1000 500
the successful grafting of the PGMA branches on wool surface. e
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XRD patterns of raw wool and wool-g-PGMA samples with the grafting ratios of 50.5% and 137.0% are depicted in Fig. 6. It could be seen

that there was no difference in the crystal configuration of the wool before and after grafting. Both raw wool and wool-g-PGMA samples

appeared the diffraction peaks at about 9.0° and 19° (20). The strong diffraction peak appears at about 9.0° corresponded to the common

diffraction peaks of a-crystallization and B-crystallization , while the strong diffraction peak at about 19° corresponded to the peak of B- “
crystallization. In addition, it could be seen that the peak intensity at about 9.0° diminished, whereas the intensity at about 19° enhanced
after graft copolymerization. Compared with that of wool-g-PGMA sample (GR=50.5%), the peak intensity at about 9.0° of the wool-g-PGM
(GR=137.0%) obviously weakened, while an increased peak intensity at about 19° was exhibited. The degrees of crystallinity were 33.3%,
25.4% and 18.1% for the raw wool and wool-g-PGMA samples with the grafting ratios of 50.5% and 137%, respectively, which implied the graft ©
polymerization was able to reduce the degree of crystallinity of wool. The reduction of degree of crystallinity is probably attributed that the
|graft polymerization destroys the scale layer of wool fiber and thus lowers the a-degree of crystallinity of wool. : s
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The surface-initiated grafting method refers to introduction of the active sites on the surface of the matrix and subsequently introducing the grafted branches into the sites
of the matrix surface [17]. Active sites include polymerizable double bonds and initiating groups [18]. In order to confirm the types of active sites in the graft polymerization of
this work, the controlled experiments of preparing wool-g-PGMA samples are performed, as shown in Table 1. The graft copolymerization in the experiments (I, Il and Il1)
contained the addition of APS solution (3.0 mmol/L) used as the initiator whereas the copolymerization in the experiments (IV, V and VI, as the contrast) did not contain the
addition of APS. The experimental results showed that the wool samples without adding the initiator had no increase in the weights, which indicated that the graft
polymerization was initiated by the -SH groups/APS redox system.

The preparation process of initiating graft polymerization of GMA on the wool surface by -SH groups/APS redox system is shown in Scheme 1. The disulfide bonds on the
wool molecules are reduced into the -SH groups by the treatment of thioglycolic acid to wool. The -SH groups can constitute redox system with the APS in an aqueous medium.
The -SH groups cause the decomposition of APS to produce sulfate free radicals at a lower temperature, meanwhile the hydrogen atoms on the -SH groups of the wool surface
are transferred to the sulfate free radicals. As a result, a large number of sulfur free radicals are formed on the wool surface, which directly initiates the graft copolymerization of
GMA on the wool surface, introducing grafted PGMA branches onto the wool surface and forming the wool-g-PGMA samples with high grafting ratios.
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Cross-linking/sulfonation to improve paste stability, adhesion and film properties of corn starch

for warp sizing
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Introduction

No studies have been conducted on the 1A cross-linking and sulfonation of starch, and little is known about the influence of such reactions on the
properties of starch (such as viscosity stability, adhesion, film properties, and desizability). Therefore, one of the aims of this research was to reveal if 1A
cross-linking/sulfonation can stabilize paste viscosity, ameliorate adhesion to cotton and polyester fibers, and diminish film brittleness. Moreover, the
influence of the level of cross-linking (LCL) of IA and the degree of substitution (DS) of sulfonates on the properties have also been analyzed. The
obtained starch samples in this work were characterized by scanning electron microscopy (SEM), and measurements of LCL and DS of IACLSS samples,
apparent viscosity and viscosity stability of cooked starch paste, adhesion to cotton and polyester fibers, tensile strength, breaking elongation, moisture
regain of the films and time required to break the films in hot water, were performed.

Experimental process

Stepl: The preparation of acid-converted starch (ACS) . . . . . ..
i Briefly, 324 g of dried acid-converted starch (ACS) was dispersed in distilled water

o a it [ containing itaconic acid (1A) for forming a 40 wt% starch agueous suspension. After
S L S e s e e AR O TS being stirred at room temperature for 30 min, the dispersion was vacuum-filtered to
H H on form a cake. After being dried at 50 -C for 2 h and at 75 -C for 4 h, the cake was
Step2: Cross-linking of ACS with 1A o pulverized, and sieved for passing through a 100-mesh sieve. Thereafter, the powered
CHLOH iz Jiipiee Wl starch was cross-linked at 130 -C for 3 h. Finally, the product was washed to remove
. A i Immgcfizcmu A o O S residual IA with distilled water, dried at 50 <C, pulverized, and sieved with a 100-mesh
N HOH il L - On G sieve. Dried 1A cross-linked starch (IACLS, 162 g) was dispersed in distilled water
i 3 containing sodium for forming a 35 wit% starch aqueous dispersion. Then, the
ST o dispersion was mechanically stirred and heated to 40 <C, and the sulfonation was
2 . . - .
c,00cicn,coocH, CHZ(KHS;ZC(MH‘ performed for 5 h. Finally, the product was neutralized to approximately pH 7 using a 6
it (i Ee, S8 o i OH'o wt% Na,CO, solution, filtered, washed with a mixture of ethanol and distilled water 4
+ e . . . . . . .
e H"“ o e ; wo OH OH ow times, vacuum-dried at 40 C, pulverized, and sieved with a 100-mesh sieve to obtain
i : OH the IACLSS.
Fig. 1. The preparation of [ACLSS samples.
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Conclusions

@ 1A cross-linking and sulfonation of starch with 1A and NaHSO,, respectively, were able to eliminate the drawbacks of starch for ameliorating its end-
use ability in warp sizing.

@ The adhesion of IACLSS to cotton and polyester fibers as well as breaking elongation, bending endurance of the IACLSS film were superior to those
of ACS, and its tensile strength was inferior to that of ACS, implying the modification could enhance the adhesion and reduce film brittleness.

@ |ACLSS with the DS, and a LCL ranges of 0.037-0.048 and 26.0-19.8 (AGU/CL) showed potential in the applications of cotton and polyester sizing.
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decorated with ZnO: Enhance the practical ability of semiconductor photocatalyst
Suo Liu, Dingsheng Wu, Lingling Zhao, Lei Zhao, Maohuan Yang, Quan Feng
(School of Texile and garment, Anhui Polytechnic University, Wuhu, Anhui)

Introduction

Tetracycline hydrochloride (TCH) is a hormonal substance widely used in pharmaceutical husbandry industries. However, it
could cause serious pollutio. Printing and dyeing wastewater represented by methylene blue (MB) also cause serious harm to
the human body without thorough treatment, due to its complex components and poor biodegradability. Photocatalytic
technology represented by metal oxides may be one of the most effective way to solve above environmental problems in the
process of rapid development of human society. Among all the photocatalytic materials, ZnO has been widely used in the field
of industrial wastewater due to its high photocatalytic activity and chemophysical stability. However, ZnO NPs as a nano-sized
semiconductor photocatalyst have three main disadvantages that make them not suitable in the extensive treatment of
industrial wastewater: poor photoresponse range, low degradation efficiency, and worse reuse performance.In the work, we
prepared and characterized PAN/PU/B-CD nanofiber membrane firstly, followed by Ag NPs were dispersed in the nanofiber
membrane surface by effectively controlling the sequence and parameter in the reaction process, which could avoid the inert
Ag NPs caused by its aggregation in the nanofiber membrane. Simultaneously, MB and TCH were used to confirm its visible-
light photocatalytic performance and reusability.

Experimentation

1. Electrospun PU/PAN/B-CD nanofiber membrane
2. Synthesis of silver-coated PPCD nanofiber membrane
3. Preparatlon of ZnO loaded on PPCD@Ag nanoﬁber membrane

Results and Discussion

Significantly, all the characteristic peaks of ZnO and Ag NPs

I appear in PPCD@Ag/ZnO sample, which indicate that Ag and

T Prcb@agzno ZnO NPs could be coexistence on the nanofiber membrane with
correct crystal form.

As we expected, PPCD@Ag/ ZnO sample have good
absorption capacity at a wavelength greater than 390 nm.
ey Enhancing the light capture efficiency is owed to the plasma
e T S e w T w o w o w w w resonance of Ag NPs.
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Conclusion
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ighly loading TiO, and Au on flexible three-dimensional network (bacterial cellulose)

for photoelectric synergistic degradation of tetracycline hydrochloride under visible
light irradiation

Tang Zhou, Quan Feng*, Dingsheng Wu, Suo Liu, He Wang, Haiao Zeng
(Anhui Polytechnic University, Wuhu 241000, China )

Introduction

As an emerging and promising technology, photoelectric catalytic technology (PEC) can effectively remove trace organic pollutants such as tetracycline
hydrochloride (TC-HCI, an antibiotic) in water. Among the photocatalysts, titanium dioxide (TiO,) has been widely investigated as a preferred material. However, the
efficiency of TiO, photocatalyst is presently limited by the wide bandgap (3.0-3.2 eV) and the fast quenching of photogenerated electron-hole pairs. Surprisingly, light
can cause collective oscillations of conduction electrons in the matter metallic (e.g., Au) nanostructures. This strong localized surface plasmon resonance (SPR) can
confine optical fields in a nanoscale space, and create the hot spot exciting the electrons to energy levels above the Fermi level of Au. In addition, the noble metal on
TiO, can prevent recombination of photo-generated electron-hole pairs by forming schottky barrier due to the different work function with the photocatalyst.

In recent years, the immobilization of catalysts on specific substrates has become a current research focus. Bacterial cellulose (BC), biosynthesized primarily by
Gram-negative Komagataeibacter xylinus (K. xylinus), exhibited promising potential as alternative eco-friendly substrates for electronics, photonic, and energy
storage devices due to their unique microstructures. The three-dimensional network of nanofibers and porosity of BC can allow other materials to be incorporated and
form reinforced composites.

Based on the previous studies, this study presented a novel approach to immobilize TiO, NPs and Au NPs into the three-dimensional network structure of BC
membrane. This work can provide valuable insights to the design of flexible photoelectrocatalytic materials.

Experimental process

1 Biological culture z Hydrothermal %‘g Chemical reduction
TiO, -
BC nanofiber . BC nanofiber
BC nanofiber E AR _—
ey @ In this study, the TiO, and Au
E * + . .
< \ i . ! — nanoparticles were highly loaded on
. . P the three-dimensional network of
Tio, TiIO, bacterial cellulose by biological
Aunps culture, hydrothermal method and
chemical reduction.
BC nanofiber TiO,/BC Au/TiO,/BC R - :
Schematic diagram of Au/TiO,/BC nanofiber membrane. SEM images of BC (a) TiO,/BC (b) , and Au/TiO,/BC (c) (d).
esults and discussion
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The result from TG indicated the weight loss of Au/TiO,/BC membrane shown a high loading capacity of nanofiber. The UV-vis DRS
indicated that Au NPs significantly enhanced the light response range. The results of LSV, EIS and photo-current responses measurements
indicated that Au/TiO,/BC membrane had a good photoelectrochemical performance under light and additional electric field.

Conclusion

< PEC,k % min, R?=0.996
- 1.0 4 PC, ks i omin”, R?=0.988
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9 0, \ Tio,
Au NPs , .
€l e) & 0 20 40 60 80 100 120 0 20 40 60 80 100 120
5 -OH. A TiO, [\ Time;(min) Time (min)
¢ - <./l The system has exhibited excellent light absorption, obvious photo-current
0, ) y g P |y
- ) . .
Pt electrode G il of 0; response and effective charge separation. These results further supported
P g P PP

. H,0
O ’ Au/TiO,/BC membrane might serve as promising high-performance

photoanode. The degradation efficiency of TC-HCI by PEC (* min!) was 5.90

Schematic diagram of Au/TiO,/BC nanofiber membrane. (* min-') and 1.87 (* min!) times than that by Electrocatalysis (EC) and
photocatalysis (PC) under visible light irradiation, respectively, showing the

synergistic effect of electrocatalysis and photocatalysis.
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