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Abstract

Currently, the gradual depletion of fossil resources and the large amount of plastic waste are causing serious harm to the
land and marine ecology. The rapid development of wearable smart fibers is accompanied by rapid growth in the material
demand for fibers, and the development of green and high-performance biomass-based fibers has become an important
research topic to reduce the dependence on synthetic fiber materials and the harm to the environment. Here, chitosan is first
prepared from the waste material by chemical methods. Then the chitosan-based self-powered induction fibers are prepared
by electrospinning core wire technique. Chitosan-based self-powered sensing fiber is ultra-light and flexible, which can
achieve about 2500 collisions without damaging the surface. Chitosan-based self-powered sensing fiber can also be used
in smart home sensing applications to control home appliance switches with a light touch, which has a great application

prospect in smart home and wearable fields.
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Introduction

Textiles are one of the basic necessities of people's daily life
[1]. With the continuous development of human civilization,
people's lifestyles have undergone great changes [2]. Textiles
are also not just warm and decorative but appear in daily life
as smart wearable electronic products [3, 4]. Fibers have
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also changed from natural fibers and man-made synthetic
fibers to conductive fibers and smart fibers [5]. Smart fibers
are flexible, lightweight and comfortable, and can be inte-
grated into textiles as sensors for detecting breathing [6, 7],
sleep [8], movement [9, 10], medical rehabilitation [11], etc.
However, in the case of wearable devices, their continuous
operation needs to solve the problem of frequent charging
and battery replacement [12]. Triboelectric nanogenerators
(TENGs), which combine the effects of contact electricity
and electrostatic induction, generate electricity from vari-
ous mechanical stimuli, such as friction, vibration, rotation,
and expansion/contraction motions [13—15]. Textile-based
TENGs have been developed by combining TENGs and
traditional textiles [16, 17]. With both energy harvesting
and self-powered sensing functions, it provides an effective
strategy for powering wearable devices [18]. It has broad
application prospects in wearable micro/nano power supply
[19], self-powered sensing [2], health monitoring [7], bionic
system [20], human—machine interface [21], artificial intel-
ligence [22], etc.

The choice of materials for TENGs is very wide [23-25],
and most of the materials used in the current experiments are
metals or polymer materials, which are not only very expen-
sive but also not easily degradable that can cause serious
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pollution to the environment [26]. The earth is currently
experiencing a serious environmental and energy crisis,
and the increasing amount of waste plastics and depleting
energy sources are the main challenges to be faced [27].
Therefore, it is necessary to find recyclable and inexpensive
green materials. Chitin is the second largest natural polymer
after cellulose, which is mainly found in the exoskeletons
of insects and crustaceans, in the cell membranes of algal
organisms and in the cell walls of plants [28, 29]. Chitosan is
the product of chitin deacetylation, which has high chemical
reactivity, excellent antibacterial activity, biocompatibility
and biodegradability, and has broad application prospects in
agriculture, medicine, food, cosmetics, environmental pro-
tection, etc. [30, 31]. As a green, environmentally friendly,
and natural material, chitosan has also received wide atten-
tion in the application of TENGs, such as the preparation of
biodegradable and breathable electronic skin [32], motion
sensing and power supply of electronic devices [33], humid-
ity sensors to detect physiological signals [34], etc. However,
research on the use of chitosan for wearable sensing fibers is
still relatively scarce.

Here, chitosan-based self-powered sensing fibers are
prepared, where chitosan is obtained from waste materials,
such as shrimp shells. Chitin is first extracted from the waste
shrimp shells and then deacetylated to obtain chitosan. Chi-
tosan is further prepared into nanofibers, and then chitosan
nanofibers are tightly wrapped on silver-plated nylon yarn
by electrospinning core-yarn technique to prepare chitosan-
based self-powered sensing fibers. The strength and soft-
ness of chitosan-based self-powered sensing fibers can be
adjusted by swapping different central conductive yarns. In
addition, chitosan-based self-powered sensing fibers can be
used to control smart home appliances (such as desk lamps,
fans, monitors, humidifiers, etc.), which have great potential
applications in smart home sensing.

Experimental Section
Chemicals and Materials

All laboratory grade chemicals and solvents were used without
further purification, whereas all electrospinning experiments
were carried out at room temperature. The conductive material
uses commercial silver-coated nylon yarn which is non-toxic,
non-hazardous, stable in performance and not easy to wear.
Shrimp shells were purchased from Taobao.com. Sodium
hydroxide (NaOH) (>97%, SigmaAldrich), hydrochloric acid
(HCI) (36-38%, Xi Hua), ethanol (>99.7%, Yong Da Chemi-
cal), acetone (>99.5%, Xi Hua) and deionized water (DI)
were used to treat the shrimp shells. Dichloromethane (DCM)
(>99.5%, Yong Da Chemical) and trifluoroacetic acid (TFA)
(>99%, Macklin) were used to configure the spinning solution.
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Process of Chitosan Extraction from Wasted
Materials

Choose to recover chitosan from discarded shrimp shells.
Place the shrimp shells in a clean beaker and added deionized
water. The beaker was then placed in an ultrasonic cleaner
for initial cleaning of the shrimp shells (20 min per ultrasonic
cleaning, 4 washes), which was filtered at the end of the clean-
ing and the shrimp shells were dried in an oven at 60 °C. The
dried shrimp shells were placed in a 0.25 M hydrochloric acid
solution and the calcium carbonate impurities were removed
by constant stirring with a glass rod at room temperature
(repeated several times). The shrimp shells were soaked in
hydrochloric acid solution overnight, and then hydrochloric
acid was added dropwise to the solution, and no bubbles were
produced by stirring, which indicated that the reaction was
saturated. The shrimp shells were filtered and washed several
times with deionized water to neutral and dried in an oven at
60 °C. Afterwards, the shrimp shells were placed in a 1 mol/L
sodium hydroxide solution with the aim of removing the pro-
teins (heated at 70 °C and the process was repeated until the
solution was colorless). The shrimp shells were filtered, rinsed
several times with deionized water to neutrality and dried in an
oven at 60 °C. Next, the shrimp shells were boiled in acetone
to remove the remaining impurities. The shrimp shells were
cleaned using hot alcohol and then rinsed with deionized water
to neutral and dried in an oven at 60 °C. At this point, chi-
tin was obtained. Finally, chitin was converted to chitosan by
deacetylation reaction. Chitin was placed in 45 wt% sodium
hydroxide solution (80 °C, 12 h), filtered, washed with deion-
ized water to neutral, and dried in an oven at 60 °C (the process
was repeated twice) to obtain chitosan. The degree of deacety-
lation of the resulting chitosan was 92.1%.

Preparation of Chitosan Electrospinning Solution

In the present work, various concentrations of chitosan were
electrospun using different processing parameters. The con-
centration of chitosan was 1.5, 2, 2.5% (w/w) and the ratio of
solvent TFA/DCM was 90/10, 80/20, 70/30, 60/40, 50/50%
(v/v), respectively. It was stirred at room temperature until
completely dissolved and left to stand overnight to expel air
bubbles. The structural morphology and diameters of elec-
trospun nanofibers were determined on a SEM.

Preparation of Chitosan-Based Self-Powered
Sensing Fibers

First, the prepared solution was loaded into two different
5 mL plastic syringes fitted with 21 G metal nozzles and
fixed in a homemade rotating device. Secondly, these two
metal nozzles were connected to a positive and negative
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power supply. There was a certain distance from the nozzles
to the edge of the metal funnel, and the positive and negative
voltage of the chitosan spinning solution was set to+9 kV.
The chitosan solution was fed at a rate of 1 mL/h. During
the spinning process, the spinneret jets were ejected from the
electrodes due to their opposite charges and were attracted to
each other above the metal funnel to form a spinning trian-
gle. Through the rotating funnel collector, the nanofibers in
the spinning triangle were wound on the silver-plated nylon
yarn to obtain chitosan-based self-powered sensing fibers.
The prepared chitosan-based self-powered sensing fiber was
collected using the reel device for continuous production.

Characterization and Measurement

To characterize the electrical output performance of the
chitosan-based self-powered sensing fibers, a linear motor
was used to provide periodic contact-separation motion. The
contact length was 50 mm, the tapping force was 10 N, and
the maximum motion distance was set to 20 mm. The sur-
face morphology of the chitosan-based self-powered sensing
fibers, the stages of the shrimp shell treatment process, and
the cross-section of the chitosan-based self-powered sensing
fibers were characterized by field emission scanning elec-
tron microscopy (Nova Nano SEM 450), respectively. XRD
(Xper3 power) was used to characterize the crystalline struc-
ture of chitin and chitosan. FT-IR (VERTEX80v, Brucker)
spectrometer was used to measure the infrared spectra of
chitin and chitosan. Thermogravimetric analysis of chitin
and chitosan was performed in the range of 30—600 °C at
arate of 10 °C min~! in an argon atmosphere (TG, Mettler
Toledo). Stress—strain tests of chitosan-based self-powered
sensing fibers were performed using a Labthink/XLM-50 N
system. To measure the electrical output capability of the
chitosan-based self-powered sensing fibers, an external force
was applied with a commercial linear mechanical motor. The
applied force was detected by a compression dynamometer
(Vernier LabQuest Mini). V¢, Isc and Qg were measured
by a Keithley 6541 electrometer.

Results and Discussions

Chitosan is a green and natural material that can be obtained
from the bones or shells of animals. Here, waste shrimp
shells are selected as the original material to extract chi-
tosan, and chitosan-based self-powered sensing fibers are
prepared by electrospun core-yarn technology to realize
sensing control applications for household appliances, as
shown in Fig. la. Figure 1b shows the flow chart of chitosan
extraction from shrimp shells. Chitosan is obtained by dea-
cetylation of chitin. Chitin is a biopolymer similar to cellu-
lose and is the main component of the shell of many lower

animals, especially arthropods (e.g. insects, crustaceans,
etc.), mainly in the form of inorganic salts (mainly calcium
carbonate) and protein-bound. The shrimp shells are first
ultrasonically cleaned with deionized water to remove sur-
face stains. Then the cleaned shrimp shells are put into dilute
hydrochloric acid solution for decalcification to remove
impurities such as calcium carbonate from the shrimp shells.
After the removal of calcium impurities, shrimp shells into
dilute alkaline solution are heated and stirred to remove
impurities such as proteins. Then the shrimp shells stripped
of calcium impurities and proteins are heated in acetone to
remove the remaining organic impurities. Finally, the treated
shrimp shells are filtered and rinsed to neutral and dried in
an oven to obtain chitin. The extracted chitin is put into 45
wt% sodium hydroxide solution and heated and stirred to
carry out the chemical reaction of deacetylation to obtain
chitosan.

Figure S1 (Supporting Information) shows physical dia-
gram of the various processes used to recover chitosan from
shrimp shells. The impurity content of shrimp shells before
treatment is very high and gray, as shown in Fig. Sla. After
the decalcification process, the surface color of shrimp shells
changes to orange-yellow and the surface of shrimp shells
is smoother, as shown in Fig. S1b. After the removal of cal-
cium impurities, proteins and other impurities, the surface
color of shrimp shells is white at this time, as shown in Fig.
Slc. After the deacetylation reaction, the surface color of the
shrimp shell is light yellow, as shown in Fig. S1d. To more
directly understand the changes in shrimp shells during the
extraction of chitosan, the microscopic surface morphology
is also observed by scanning electron microscopy (SEM),
as shown in Fig. 1c. As shown in Fig. 1c(i), the surface of
the untreated shrimp shells is very rough and covered with
various granular calcareous impurities. After the decalci-
fication reaction as shown in Fig. 1c(ii), there are no more
granular impurities on its surface, but there are flaky impuri-
ties attached to its surface. After further reaction of remov-
ing protein and other impurities, it can be seen that there
are many more small pores evenly arranged on its surface,
and there are no other impurities on its surface as shown in
Fig. lc(iii). After the deacetylation reaction of shrimp shells
in sodium hydroxide solution, as shown in Fig. 1c(iv), the
pores on the surface of shrimp shells disappeared and small
cracks appeared.

The chitin deacetylation to chitosan in the shrimp shell
extraction experiment is analyzed by X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FT-IR)
and thermogravimetry (TG). As Fig. 1d shows the XRD of
chitin and chitosan extracted from shrimp shells, and the
inset shows the XRD of untreated shrimp shells. It can be
seen that there are many spurious peaks in the XRD patterns
of the untreated shrimp shells, which disappeared after the
chitin extraction experiment (For example, the diffraction
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Fig. 1 Process and performance characterization of chitosan recycled
from waste materials. a Chitosan recycled from shrimp shells as sens-
ing in smart home. b Flow chart of chitosan recovery from shrimp
shells. ¢ SEM charts in different stages. (i) Untreated shrimp shells.
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(ii) Shrimp shells after removal of calcium substances. (iii) Chitin.
(iv) Chitosan. d XRD patterns of chitosan and chitin. The inset shows
the XRD image of the untreated shrimp shell. e FT-IR spectra of chi-
tosan and chitin. f TG curves of chitosan and chitin
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peaks at 29.9° and 36.2°, respectively (104) (110)). The
XRD curves of chitin have diffraction peaks at 260=9.4°,
12.8°, 19.5°, 20.9°, 23.4° and 26.4°, corresponding to the
(020), (021), (110), (120) and (013) reflections of a-chitin,
respectively. Chitosan shows two characteristic diffraction
peaks at about 10.1° and 20°, corresponding to the (020)
reflection and the superimposed peak (200)/(220) reflection
of chitosan crystals, respectively [27]. It indicates that the
chitin treated with sodium hydroxide solution undergo a dea-
cetylation reaction and was converted to chitosan. Figure le
shows the FT-IR spectra of chitin and chitosan extracted
from shrimp shells. The FT-IR spectra of chitin show the
characteristic absorption peaks at 3436 cm™!, 3261 cm™!
and 3091 cm™' (OH and N—H stretching), 1652 cm~! and
1620 cm™" for the amide I band (v(C=0)) and 1550 cm™! for
the amide II band (6(N-H)) [24]. After treatment of chitin
with sodium hydroxide solution, the peaks corresponding to
3436 cm™! and 3261 cm™! merged to 3355 cm™!, the peak
corresponding to 1620 cm™! in the bimodal amide I band
merged with the stretching peak at 1652 cm™' to 1637 cm™,
and the peak corresponding to the amide II band red-shifted
from 1550 to 1590 cm™. This indicates the conversion of
chitin to chitosan by deacetylation reaction. Figure 1f shows
the TG analysis of chitin and chitosan extracted from shrimp
shells. The maximum thermal decomposition temperature
of chitin is about 285 °C and the residual rate of the sample
mass at 600 °C is 27.5%. The maximum thermal decom-
position temperature of chitosan is about 251 °C, and the
residual rate of sample mass at 600 °C is 40%. The thermal
decomposition temperature of chitosan is lower than that of
chitin, but the residual mass of chitosan is higher than that
of chitin at the end of the experiment [27]. This is mainly
due to the presence of amide groups in chitin, so its ther-
mal stability is higher. These results confirm the conversion
of chitin to chitosan by deacetylation reaction in sodium
hydroxide solution.

As shown in Fig. 2a(i), electrospinning equipment that
can be continuous and automated is used to fabricate chi-
tosan-based self-powered sensing fiber. The spinning solvent
for chitosan is a mixture of solvents (trifluoroacetic acid:
dichloromethane (TFA: DCM)), as shown in Fig. 2a(ii).
The configured solvent mixes are 9:1, 8:2, 7:3, 6:4 and
5:5 (v: v) for TFA: DCM, respectively [35-37]. Weigh a
certain amount of chitosan and put it into the well-mixed
solvent to configure 2 wt% chitosan solution. Inject the chi-
tosan spinning solution into the syringe and put it into the
propulsion pump of the electrospinning device to prepare
chitosan-based self-powered sensing fibers. The electro-
spinning equipment consists of a funnel collector and two
symmetrical electrospinning systems. During the spinning
process, conductive fibers are first passed through the funnel
and then wound by a winding device placed on the opposite
side of the funnel. Then, two symmetrical electrospinning

devices start spinning the chitosan spinning solution, and
chitosan nanofibers are deposited onto the spinning funnel
to form a nanofiber network covering the end of the fun-
nel. During continuous winding of the conductive core wire,
the nanofiber web is pulled, twisted and constrained into
nanofiber bundles that completely cover the conductive core
wire. The chitosan nanofibers are uniformly wound around
the conductive yarn at an angle to form a spiral fiber bun-
dle, which is a tightly wrapped core—shell structure. First,
the effects of different solvent ratios on chitosan nanofibers
are briefly discussed. For the preparation of 2 wt% chitosan
nanofibers, the solvent ratios are TFA: DCM =9:1, 8:2 and
7:3, respectively, as shown in Fig. S2. It can be observed
that when TFA: DCM =9:1 and 8:2, the chitosan filaments
have very many bead-like links and poor morphology. When
TFA: DCM =7:3, the spun chitosan filaments have very few
bead-like structures, but some linkages are present and the
morphology has changed better. When the TFA: DCM is
6:4 and 5:5, the mixed solvent cannot completely dissolve
the chitosan and will precipitate in the solvent in layers, as
shown in Fig. S3, so these two cases are not discussed for the
time being. In summary, a solvent with TFA: DCM ratio of
7:3 is chosen to prepare chitosan spinning solution.

Figure 2b shows the spool diagram of the prepared chi-
tosan-based self-powered sensing fibers, and Fig. 2¢ shows
the physical photo of the spool of chitosan-based self-pow-
ered sensing fibers. The chitosan-based self-powered sens-
ing fiber is shown in Fig. 2d(i) as a core—shell structure,
with chitosan nanofibers in green and silver-plated nylon
yarn in gray. SEM images of the surface morphology of
chitosan-based self-powered sensing fibers, as shown in
Fig. 2d(ii). The fineness of the chitosan-based self-powered
sensing fiber is very small, only about 350 pm in diameter.
The cross-sectional morphology is shown in Fig. 2d(iii),
where the chitosan nanofibers are tightly wrapped around
the silver-plated nylon yarn. The mechanical strength and
fineness of the chitosan-based self-powered sensing fibers
are two key points to demonstrate the quality of the fibers,
such as deformability, weight, flexibility and comfort. The
chitosan-based self-powered sensing fibers are fabricated by
spirally wrapping chitosan nanofibers around the conduc-
tive yarn on the support of silver-plated nylon yarn. Thus,
the softness of the whole chitosan-based self-powered sens-
ing fibers depends on the conductive yarn and the dielec-
tric material. Silver-plated nylon yarn, which has the same
flexibility as ordinary yarn, was chosen as the material for
the chitosan-based self-powered sensing fibers in this work.
Chitosan-based self-powered sensing fibers have charac-
teristics such as ultra-lightweight and better strength. The
weight of chitosan-based self-powered sensing fiber with
a length of 20 cm is only 0.023 g. It can also withstand a
weight of 200 g without breaking, as can be seen in Fig. 2e,
f. It also has the same fineness as ordinary sewing yarn to
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Fig.2 Preparation process and demonstration of chitosan-based self-
powered sensing fiber. a The preparation process of chitosan-based
self-powered sensing fiber. (i) Diagram of an electrospinning device.
(ii) Preparation of chitosan electrospinning solution. b Schematic dia-
gram of the bobbin of chitosan-based self-powered sensing fiber. ¢
Physical picture of the bobbin of chitosan-based self-powered sensing
fiber. d The structure diagram of chitosan-based self-powered sensing
fiber. (i) Schematic diagram of the structure of chitosan-based self-

pass through textile needles, as shown in Fig. 2g. In addi-
tion, thanks to the continuous electrospinning technique, the
obtained chitosan nanofiber shell material is firmly attached
around the conductive yarn, which facilitates the production
of a very soft and stable chitosan-based self-powered sens-
ing fibers. As shown in Fig. 2h, the shell layer in the knot-
ted-disassembled region remains intact and tightly wrapped
around the conductive yarn.

The present work also discusses the chitosan-based self-
powered sensing fibers with different chitosan concentra-
tions as shown in Fig. 3a—c for 1.5 wt%, 2 wt% and 2.5 wt%,
respectively. When the chitosan concentration is 1.5 wt%,
the chitosan nanofibers have uneven coarseness and lumps
bonded together and the thickness of chitosan-based self-
powered sensing fiber is not uniform. The concentration of
chitosan is 2 wt% and the morphology of chitosan nanofibers
is good, but a small amount of lumps is still present. When
the concentration of chitosan is 2.5 wt%, the coarseness of
chitosan nanofibers is uniform and no bonding is observed,
and the coarseness of chitosan-based self-powered sensing

@ Springer

powered sensing fiber. (i) SEM picture of chitosan-based self-pow-
ered sensing fiber. (iii) SEM of the cross-section of chitosan-based
self-powered sensing fiber. e Picture of the weight of chitosan-based
self-powered sensing fiber. f Physical picture of chitosan-based self-
powered sensing fiber bearing 200 g. g Physical picture of chitosan-
based self-powered sensing fiber threading needle. (h) Chitosan-based
self-powered sensing fiber knotting before and after the physical pic-
ture

fibers is relatively uniform. Next, the properties of chitosan-
based self-powered sensing fibers with different chitosan
concentrations are investigated from both mechanical and
electrical aspects. From the stress—strain curves of chitosan-
based self-powered sensing fibers in Fig. 3d, it can be seen
that some small changes in the strength of chitosan-based
self-generating sensing fibers occurred with the change in
chitosan concentration. When the chitosan concentration is
1.5 wt%, 2 wt% and 2.5 wt%, the tensile strength at the break
of chitosan-based self-powered sensing fiber is 74.3 MPa,
67 MPa and 79.2 MPa, respectively. The elongation at break
of chitosan-based self-powered sensing fiber is 116%, 121%
and 127% when the chitosan concentration is 1.5 wt%, 2
wt% and 2.5 wt%, respectively. In addition, the strength and
flexibility of chitosan-based self-powered sensing fibers can
be adjusted by changing different conductive yarns to make
them suitable for different scenarios (Fig. S4).

Figure 3e briefly illustrates the working principle of
chitosan-based self-powered sensing fiber. It is a single
electrode mode that works on the coupling effect of contact
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Fig. 3 Performance of chitosan-based self-powered sensing fiber with
different chitosan concentrations for a solvent TFA: DCM of 7:3.
Surface morphology of chitosan-based self-powered sensing fiber
with chitosan concentration of a 1.5 wt%, b 2 wt%, and ¢ 2.5 wt%.
d Stress—strain curves of chitosan-based self-powered sensing fiber
with different chitosan concentrations. e Schematic diagram of the
working principle of chitosan-based self-powered sensing fiber. f V5
of chitosan-based self-powered sensing fiber with different chitosan

electrification and electrostatic induction, which is achieved
by periodic contact and separation movements between the
fiber and its contact [1]. Taking human skin as the contact
object, when the skin touches the fiber surface, the two
contact surfaces generate equivalent positive and negative
electrostatic charges, as shown in Fig. 3e(I). When the skin
gradually moves away from the fiber surface, the potential

concentrations. g V¢ of chitosan-based self-powered sensing fiber at
different frequencies with chitosan concentration of 2.5 wt%. h The
variation of current and power density of chitosan-based self-powered
sensing fiber with different external load resistance. i The stability
test of the chitosan-based self-powered sensing fiber. The inset shows
the situation of chitosan-based self-powered sensing fiber before and
after the impact

of the electrode layer will rise due to electrostatic induction,
driving the flow of electrons to the ground, thus generating
a current as shown in Fig. 3e(II). When the gap between the
two charged surfaces is large enough, a new equilibrium
state will be established and the electrons will stop moving
as shown in Fig. 3e(III). When the skin approaches the fiber
surface again, electrons will flow from the ground to the
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electrode layer to reach a new charge equilibrium, as shown
in Fig. 3e(IV). When the skin is in full contact with fiber
again, the two surfaces are again in equilibrium. This is the
entire working cycle of chitosan-based self-powered sensing
fiber. Chitosan-based self-powered sensing fibers are tested
for Vo (Fig. 31), Iyc (Fig. S5a) and Qg (Fig. S5b) with dif-
ferent chitosan concentrations at a contact pressure of 10 N
for a length of 5 cm. At 1 Hz, the V. of chitosan-based
self-powered sensing fiber with 1.5 wt% chitosan concen-
tration is 3.23 V, the I is 14.6 nA, and the Qg is 1.1 nC.
The 2 wt% chitosan-based self-powered sensing fiber has a
Voc of 3.1V, an Igc of 15 nA, and a Qg of 1 nC. The 2.5
wt% chitosan-based self-powered sensing fiber has a V¢
of 4V, an Iy of 15 nA, and a Qg of 1.16 nC. In summary,
the chitosan-based self-powered sensing fiber with 2.5 wt%
chitosan concentration is selected for further investigation by
combining the mechanical and electrical output properties.

The electrical output performance of chitosan-based self-
powered sensing fibers (5 cm in length) is tested at different
frequencies, as shown in Fig. 3g and Fig. S6a and b, with
a chitosan concentration of 2.5 wt%. The V¢ and Qg of
the fibers increase slightly with the increase of the impact
frequency but basically stabilize to 6.4 V for V5. and 1.26
nC for Qgc, respectively, while the Iy increases with the
increase of the impact frequency, and the Iy can reach 17.4
nA at a frequency of 2.5 Hz. Because the amount of charge
generated by changing the frequency friction layer is con-
stant at constant pressure (the amount of charge transferred
between the two electrodes is also constant), the resulting
open-circuit voltage also remains almost stable without
large changes. And as the frequency increases, the rate of
charge moving between the electrodes increases. As the
rate of charge movement increases, the short-circuit cur-
rent also increases. To obtain the maximum load power of
the chitosan-based self-powered sensing fiber, the fiber is
tested in series with different sizes of resistors, as shown
in Fig. 3h. It can be seen that when the external resistance
is small, the external circuit corresponds to a "short-circuit
state" with almost no change. As the external load resistance
increases, the current begins to decrease. At an external load
resistance of 2 GQ, the current is 9.29 nA, and the maximum
power is 342 pW cm™!. For wearable electronic devices, it is
essential to maintain a certain level of stability, so this thesis
also discusses the voltage output profile of the fiber after
about 2,500 cycles of collisions, as shown in Fig. 3i. It can
be seen that the output voltage of the fiber hardly changes
significantly during the cycling process. In addition, it can
be seen from the inset that after cyclic contact-separation,
the surface of the fiber does not undergo major damage and
still maintains a good core-yarn structure, indicating good
stability of the fiber. The electrical energy generated by the
chitosan-based self-powered sensing fiber can be stored in
the capacitor to power electronic devices. Therefore, the
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charging curve of chitosan-based self-powered sensing fiber
with a length of 5 cm for different capacitance at 1 Hz is dis-
cussed, as shown in Fig. S7. It can be seen that the charging
rate decreases as the capacitor capacity increases.

Since the chitosan-based self-powered sensing fiber can
sense the fast contact-separation process in real time, it is
applied to smart home control sensing for the smart home.
As shown in Fig. 4a, this smart home control sensing cir-
cuit consists of chitosan-based self-powered sensing fiber,
a signal processing circuit, and smart appliances. Figure 4b
shows the circuit diagram of the smart home system, where
the signal processing circuit includes a voltage compara-
tor that converts the amplified signal into a stable square-
wave signal (Fig. 4c(ii)). A microcontroller for receiving
the square-wave signal and sending commands to relays to
control high-power appliances. As shown in Fig. 4c(i), a
voltage peak is generated when a contact separation occurs
between the hand and the chitosan-based self-powered
sensing fiber. When the voltage signal value is greater than
the set threshold, the voltage comparator generates a "high
potential” signal, as shown in Fig. 4c(ii). These signals are
modulated by the microcontroller unit into a "low poten-
tial" or "high potential" command, and the "low potential"
or "high potential" command is transmitted to the relay, as in
Fig. 4c(iii). After receiving the command, the relay is set to
"on" or "off", and the corresponding appliance will receive
the signal to turn on or off. The command is set to turn
on the appliance after the first contact separation between
the hand and the chitosan-based self-powered sensing fiber.
The actual transmission schematic of the smart home control
sensing circuit is shown in Fig. S8. The applications of sens-
ing fibers for the control of household appliances, including
a table lamp, a monitor, a fan, and a humidifier, are shown
separately in Fig. 4d and Fig. S9 (Supporting Movie S1). It
indicates that there is a greater prospect of smart fiber in the
field of smart homes.

Conclusions

In this work, chitin is first extracted from waste materials (such
as shrimp shells) by chemical treatment, and then chitosan
is obtained by deacetylation of chitin. During the chemical
treatment, the macroscopic morphology as well as the micro-
scopic morphology of the shrimp shells are changed more
clearly. The shrimp shells before and after the deacetylation
reaction are characterized by XRD, FT-IR and TG, and it is
found that chitin is converted to chitosan after deacetylation
treatment. The chitosan-based self-powered sensing fibers by
electrospinning technique, and the fiber has good flexibility.
The mechanical properties of chitosan-based self-powered
sensing fibers are similar to those of the conductive yarn in
the center of the fiber, and the mechanical properties of the
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Fig.4 Application of the a
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control. a Schematic diagram
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system. b Schematic diagram
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Smart Textiles

fiber can be controlled by adjusting or replacing the conduc-
tive yarn to achieve the performance requirements in different
scenarios. In addition, chitosan-based self-powered sensing
fibers can be integrated into clothing as a self-powered sen-
sor, and this experiment has used the device as a smart switch
sensor to control the start-up and shutdown of household appli-
ances, which has a wide application prospect in the field of
self-powered sensing.
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