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Abstract In this present study, we have successfully
fabricated the cellulose fabric with excellent electrical
conductivity by depositing the graphene oxide grafted
with the modified ferroferric oxide (GOF) upon fabric
substrate via layer-by-layer magnetic-field-induced
self-assembly apporoach and followed by chemical
reduction. The results indicated that the morphologies
of graphene oxide nanosheets for three-layer deposited
fabrics could form the highly oriented wrinkled
structures, which resulted from the synergistic inter-
actions of magnetic induction force on magnetic
doublet, hydrogen bonds and van der Waals. The
volume resistivity of the three-layer deposited fabric
could reach to 64.8 Q cm compared with that of pure
RGO-coated viscose fabrics (137.94 Q cm) in the
previous work, which could be favorable for improv-
ing the electrical conductivity and decreasing the
graphene oxide consumption. Furthermore, the three-
layer deposited fabric possessed excellent washing
durability even after twelve times water laundering.
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Our results suggested that the flexible GOF-coated
fabric had great potential in conductive devices for
wearable electronics, strain sensors, smart actuators
and bioelectrodes and so on.
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Introduction

High-performance smart textiles with electrical con-
ductivity are an integral part of modern industry and
life, being used in many applications such as health,
sport, automotive, aerospace and military (Gu et al.
2010; Grancaric¢ et al. 2017; Heidari et al. 2019; Zhao
et al. 2019). Recently, research on graphene was
motivated by its fascinating mechanical and electrical
properties. Graphene oxide (GO), the oxygenated
form of a monolayer graphene sheet, that can be
conveniently dissolved in an aqueous solution offer
the potential for the rational design of graphene-based
functional fabrics (Kim, Tae Young et al. 2011, Chen
et al. 2012; Song et al. 2013). For example, Gao et al.
designed and fabricated ultrastrong graphene fibers
with giant graphene oxide sheets that had the excellent
electrical conductivity and possessed a record tensile
strength (up to 0.5 GPa) among neat graphene
materials (Xu et al. 2013). Zhu and co-workers have
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developed the non-ignitable electrically conductive
polyester/cotton fabric modified by reduced graphene
oxide and phosphate flame retardant, which has a low
electrical surface resistivity (0.54 KQ/sq) (Zhao,
Wang et al. 2019). Comparing with other substrate
materials, the introduction of fabrics could provide
higher surface area for the deposition of other
materials (such as graphene nanosheets) by using dip
coating method and increase number of electroactive
areas for access electrolyte ions, which helped to
improve the performance of electrical conductivity
(Tao et al. 2010; Bao et al. 2011; Ramadoss et al.
2015). Tian et al. prepared soft bimorph actuator,
stretchable electrical conductors, self-sensing and
self-cooling integrated smart sportswear and versatile
fabric by depositing functionalized graphene via
coating or layer-by-layer electrostatic self-assembly
method on the surface of fabric or fibers, which
exhibited the excellent electronic conductive and self-
sensing properties (Zhao et al. 2020a, b; Sun et al.
2019; Hu et al. 2020; Tian et al. 2016).

These excellent properties of graphene-based elec-
tronic fabrics were determined by the microstructures
of graphene sheets, such as ripples, kinks and folds
(G6mez-Navarro et al. 2008; Shenoy et al. 2008, 2010;
Huang et al. 2009). However, for the assembly of
graphene from suspended two-dimensional sheets to
macroscopic structures, a critical issue encountered in
achieving graphene fabrics with both excellent
mechanical properties and high electrical conductivity
is the graphene nanosheets agglomeration. Therefore,
the microstructure manipulation of these products
would play an important role to improve their
performance and application fields. Huang et al.
prepared the thin films of assembled crumpled
graphene balls by changing two-dimensional graphene
sheets into three-dimensional crumpled balls used as
the strong light absorbers to prevent the re-stacking of
GO sheets, which revealed that the average absorption
can reach up to 97.4% in the visible and near-infrared
regions. Particularly, the submicron sized reduced
graphene oxide particles with a paper ball-like mor-
phology was the components of the crumpled
graphene balls, which was aggregation-resistant and
will not stack to form highly reflective microstruc-
tures, even after densification (Hao et al. 2018). Fu
et al. synthesized a two-dimensional superordered
structure via self-assembly of high-quality graphene
single crystals, which revealed that the electrostatic
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interactions between the adjacent crystals facilitate the
ultimate precise orientation with each other (Zeng
et al. 2016).

The agglomeration problem of graphene also can be
effectively solved by an external field. It is well known
that the applied magnetic field can significantly
influence the movement of magnetic nanoparticles. It
is, therefore, significant to study the arrangement and
self-assembly behavior of magnetic nanoparticles
deposited on the graphene fabrics under an external
magnetic field. Li et al. fabricated successfully
composite material with graphene shell by using a
novel internal magnetic field enhanced polysulfide
trapping mechanism, which provides an effective
method for controlling the spatial and temporal
stacking structure of grapheme (Gao et al. 2018).
The layer-by-layer assembly method has been widely
used for finishing fibers or fabric with graphene along
with the advantages of a controlled assembly structure.
However, little attention has been paid to the layer-by-
layer self-assembly behavior of a magnetic field on the
graphene fabrics with magnetic nanoparticles and the
corresponding mechanisms. In our work, we designed
a layer-by-layer magnetic-field-induced self-assembly
of graphene oxide sheets grafted with ferroferric oxide
(GOF) and followed by chemical reduction to fabri-
cate the cellulose fabric with a control deformation of
GO sheets. The morphology and nanostructure of
different cellulose fabrics were characterized and the
alignment mechanism of GO nanosheets was also
analyzed. Moreover, the flexible electrical and thermal
conductivity properties of the different coated-fabrics
were measured and the relationship between the
different structure of the assembly layer-deposited
fabrics and their properties was further investigated.
Our results suggested that the flexible GOF-coated
fabric via the magnetic-field induction would con-
tribute to the future production of wearable
electronics.

Experimental sections

Materials

Graphite was purchased from Sigma-Aldrich. In
addition, Iron(IIl) chloride hexahydrate, Iron(IT) chlo-

ride tetrahydrate, Silane coupling agent KH-560,
sodium hydroxide, hydrochloric acid, methanol,
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toluene, HI acid, sulfuric acid, hydrogen peroxide,
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC), sodium nitrate and potassium
permanganate were supplied by Sinopharm chemical
reagent Co., Ltd. Cellulose fabric was purchased from
Suzhou Shuishan Industrial Co., Ltd, Jiangsu, China
and was viscose woven structure with 141 g/m”.

Preparation of Fe30,4 and amino-modified Fe;Oy4
nanoparticles

The solid sample of NaOH (5.0 g) was added into the
deionized water (250 mL), heated to 80 °C. The
samples, including FeCl;-6H,0 (6.75 g), FeCl,-4H,0
(2.48 g), the deionized water (25 mL) and HCI
(0.83 mL) were mixed respectively into the heated
NaOH solution and loaded into the three-necked flask.
The reaction was continued for 1 h under the protec-
tion of nitrogen (Han et al. 2007; Kim et al. 2011).
Then, the solution was vacuum-filtered, resulting in
black slurry. The obtained slurry was washed with
water and methyl alcohol many times until the pH of
the slurry was 7. The magnetic Fe;04 nanoparticle was
finally obtained. To endow Fe;O,4 with amino groups,
the obtained magnetic Fe;O4 nanoparticle and silane
coupling agent KH-560 (named as APTES) were
successively dispersed in the mixed solution consist of
methyl alcohol and methylbenzene at 110 °C for 10 h
(Wang et al. 2009). The volume ratio of methyl
alcohol to methylbenzene is 1.0 (70 mL:70 mL).
Then, the APTES/Fe;0,4 nanoparticle was obtained.

Preparation of GO-coated and GOF-coated
cellulose fabric

The graphene oxide (GO) sheets were synthesized
from graphite flakes using a modified Hummers’
method, as reported previously (Hummers;Offeman
1958). The weight ratio of graphite, potassium
permanganate (KMnQO,) and sulfuric acid (H,SOy,
98%), was 1:3:14. Then the mixture was stirred at 0 °C
for 2 h and heated to 45 °C for 30 min. Then the
deionized water (280 mL) and H,0O, (10 mL 30%)
were added and stirred for 15 min. After the reaction
completely static, the supernatant liquid was removed
and the residues was washed with hydrochloric acid
(HCl) and water, then, centrifuged and washed with
water many times to neutral. The GO solution was
finally obtained.

To produce the GOF solution, the obtained GO
(2 g) was diluted with water (100 mL) and then, the
APTES/Fe;0,4 nanoparticle was added according to
the ratio of GO to APTES/Fe;0,4 nanoparticle. The
weight ratio of GO and APTES/Fe;0, was respec-
tively 95:5, 90:10, 85:15 and 80:20.

GO-coated and GOF-coated fabrics were prepared
via the multi-dipping-drying treatment of GO and
GOF dispersions on the cellulose fabrics (warp:
25 cm; filling: 2 cm), as shown in Fig. 1. Firstly, the
GO solution (250 mL) with mass fraction of 0.61%
was diluted in water. Then, the cellulose fabrics were
dipped into the prepared dispersion, sonicated for
30 min at room temperature, without the external
magnetic field and dried at 50 °C for 12 h. This
process was known as the assembly of the GO layers
onto cellulose fabrics. According to this method, the
GO layers were assembled layer-by-layer onto the
surface of cellulose fabrics for five times. In a
similar way, for the GOF-coated cellulose fabrics,
the layer-by-layer assembly of GOF layers onto the
surface of cellulose fabrics was carried out in an
external magnetic field.

Preparation of RGO-coated and RGOF-coated
cellulose fabrics

RGO-coated cellulose fabrics were prepared by sub-
jecting GO coated cellulose fabrics to a reductive
treatment. Based on the number of the repeated times
of dipping-drying treatments, the five GO coated
fabrics (GO-100/0-1, GO-100/0-2, GO-100/0-3, GO-
100/04 and GO-100/0-5) were respectively
immersed in the HI solutions (47%, 100 mL) and
was kept at 80 °C for 3 min under constant stirring.
Then, the fabrics were washed five times with distilled
water in order to remove the excessive reducing
agents. Finally, the fabrics were dried at 50 °C and
different RGO-100/0 samples were collected (RGO-
100/0-1, RGO-100/0-2, RGO-100/0-3, RGO-100/
0-4 and RGO-100/0-5). The different proportions of
RGOF-coated cellulose fabrics (RGOF-95/5, RGOF-
90/10, RGOF-85/15 and RGOF-80/20) were prepared
by the similar methods. According to the number of
the repeated times of dipping-drying treatments,
twenty RGOF-coated cellulose fabrics were obtained.

@ Springer
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Fig. 1 Schematic diagram of GO-coated cellulose fabrics. The blue box denoted the magnetic iron

Characterization

In this work, we fabricated flexible conductive fabrics
via the layer-by-layer assembly of grapheme oxide
(GO) gafted with ferroderric oxide on cellulose fabrics
in an external magnetic field and followed by chemical
reduction. The structure of the untreated cellulose
fabrics, GO-coated fabrics and their reducing products
was confirmed via x-ray photoelectron spectroscopy
(XPS) with an XSAMS800 (Kratos, UK) by using
monochromatized Al Ka (1486.6 eV) at 180 W
(15 mA, 12 kV). The morphology of the different
fabrics was examined using field emission scanning
electron microscopy (FESEM, JEOL JSM-7100F) at
an acceleration voltage 5 kV and transmission elec-
tron microscopy (TEM, JEM-2100 Electron Micro-
scope in Japan) using an acceleration voltage of
200 kV. Polarized optical microscopy (POM) mea-
surements of the samples were conducted with a
DM2700P Leica Microsystems (German). Moreover,
the flexible electrical conductivity of the different
fabrics was measured and the relationship between the
assembled structure and properties was further inves-
tigated. The electrical conductivities of the RGO- and
RGOF-coated fabrics were tested according to the
International electro technical commission 93-1980
standard (Zhao et al. 2015; Zhang et al. 2016). In
detail, two copper electrodes with the spacing of 5 cm
were placed on the specimens (width: 1.5 cm;
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thickness: 0.036 cm) and the electrical resistivity
could be calculated by the equation:

S
=R -— 1
p=RT (1)
where R is the electrical resistivity of the fabric (Q2), L
is the distance between the two electrodes (cm) and
S is the cross-sectional area of the fabric (cm?).

Results and discussion

The structure and component of different cellulose
fabrics

To investigate the chemical changes during the
reaction of APTES/Fe;O, and GO nanosheets and
the reduction of the resulting cellulose fabrics, the
XPS measurements were performed and the results are
shown in Fig. 2. Figure 2a showed the XPS survey
spectra of pure cellulose fabrics (CF), GO-100/0-3,
GOF-80/20-3, RGO-100/0-3, RGOF-80/20-3 and
these samples were mainly composed of C, O, N and
Fe elements. Figure 2b, c showed the Cls peaks of the
five samples. For GO-100/0-3 sample, the peak
position of Cls was observed at 284.6 eV, 286.0 eV,
287.9 eV. Compared to Cls of GO-100/0-3, the peaks
at 284.6 eV, 285.9 eV, 287.5 eV, 288.6 eV for GOF-
80/20-3 was corresponding to the formation of
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Fig.2 XPS spectra of the samples. a XPS survey spectra of CF, GO-100/0, GOF-80/20, RGO-100/0, RGOF-80/20 fabrics. b C1s of CF,
GO-100/0, GOF-80/20 fabrics. ¢ Cls of RGO-100/0, RGOF-80/20 fabrics
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chemical bonds between APTES/Fe;O,4 nanoparticle
and GO, which was agreement with the experimental
results (Ramasundaram et al. 2014). It can be seen
from Table 1 that fractions of carbon and oxygen in
GO-100/0-3 were 74.1 and 24.8% by calculating the
area of the corresponding peak in the deconvoluted
Cls XPS spectra. After reduction, the C/O atomic ratio
was significantly increased in RGO-100/0-3 sample
(C: 76.7%, O: 21.5%), which suggested that the
remove of some functional groups and supported our
previous results (Zhang et al. 2019). In addition, the
iron content after reduction was decreased from 0.5%
in GOF-80/20-3 to 0 in RGOF-80/20-3, which
indicated that the iron ion was also reduced. The
decreased iron content would have a great influence on
the structural change from the magnetic GOF-80/20-3
fabrics to non-magnetic RGOF-80/20-3, which could
be demonstrated by our previous results (Zhang; Wu
et al. 2019).

The pure cellulose fabrics and GO-based coated
cellulose fabrics through magnetic induced self-
assembly

In order to investigate the morphology of RGO- and
RGOF-coated fabrics with number of the deposition
cycles in an external magnetic field, the evolution of
texture of these fabrics were observed by FESEM, as
shown in Fig. 3. With the same number of deposition
cycles, the pristine RGO coated-fabrics were smoothly
covered the entire fabric surface. It is observed that the
greater the weight assigned to the APTES/Fe;Oy4
nanoparticles; the more increase of surface coarseness
will be increased to that coated fabrics. Additionally,
the surface coarseness increased with the increasing
number of deposition cycles in same mass ratios. To
be specific, with the deposition cycles increasing from

Table 1 Elemental content of different samples

Samples C (%) O (%) N (%) Fe (%)
CF 74.6 24.5

GO-100/0 74.1 24.8 1.1

RGO-100/0 76.7 21.5 1.2

GOF-80/20 73.2 25.7 0.6 0.5
RGOF-80/20 78.7 19.9 1.2
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Fig.3 FESEM images of RGO- and RGOF-coated fabrics with »
number of the deposition cycles in an external magnetic field.
a From left to right, the number was arranged in accordance with
deposition cycles from low to high and denoted as one cycle,
two cycles, three cycles, four cycles and five cycles with GO and
APTES/Fe;0,4 nanoparticles in different mixture ratios. b The
magnification of one cycle, three cycles and five cycles shown in
a

1 to 3, it is displayed that the morphologies of RGOF
sheets gradually change into the well-aligned alter-
nating ordered structures along the external-field
direction. The red dotted box shown in Fig. 3 exhib-
ited the well arrayed coated-fabrics with GO and
APTES/Fe;O4 nanoparticles in different mixture
ratios. However, with further increases deposition
cycles, i.e., from 4 to 5 times, the multilayer fabrics
appeared to be sloped downwards to the right,
especially the fabric located at bent locations, which
suggested that the higher loading of APTES/Fe;0,
nanoparticles was unfavorable for the periodic struc-
tural rearrangements of RGOF layers.

In order to confirm that the change of macroscopic
alignment of RGOF in FESEM could be controlled by
applying a magnetic field, polarized optical micro-
scopy (POM) measurements were performed for GOF
dispersion liquid (Fig. 4). It can be seen from Fig. 4
that the texture of GOF dispersion liquid was
separated by disclinations without magnetic field
(see Fig. 4a), however, it was appeared to be direc-
tional arrangement and eventually converged to form
a large domain (see Fig. 4b) in the present of magnetic
field. It was indicated that the macroscopic orientation
of GOF dispersion liquid could be tuned by the
magnetic field.

The morphological changes of GOF dispersion was
monitored by TEM measurements to further under-
stand the magnetic alignment displayed in Fig. 2 after
applying an external magnetic field and the results are
shown in Fig. 5. In the absence of the magnetic field,
as shown in Fig. 5a, the GOF nanosheets exhibited the
irregular dispersion morphology with the agglomer-
ates of APTES/Fe;O, nanoparticles, which resulted
from the interaction between GOF nanosheets and
APTES/Fe;0,4 nanoparticles and the intra-molecular
hydrogen bonding between GOF sheets(Chen et al.
2008; Tong et al. 2019). In the presence of a magnetic
field, the magnetic force of magnetic field to APTES/
Fe;O, nanoparticles would compress the GOF
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Fig. 4 POM images of
GOF-90/10 dispersion
liquid with magnetic
induction

Fig. 5 TEM images of GOF nanosheets without a and with magnetic induction b

nanosheets into a parallel band along the direction of
the magnetic field (Fig. 5(b)), which would contribute
to control the microscopic structures of GOF sheets.

The mechanism of magnetic induced self-
assembly of GOF-coated cellulose fabrics

According to the self-assembly theory of magnetic-
filed induction, there are five kinds of dominant
interactions in magnetic-field self-assembly system,
including the interaction force between external
magnetic field and APTES/Fe;O, nanoparticles,
mutual attraction between magnetic dipole, van der
Waals interaction between magnetic APTES/Fe;O,4
nanoparticles, steric hindrance of APTES/Fe;O4
nanoparticles, the resistance between APTES/Fe;0,
nanoparticles during motion (Helgesen et al. 1988;
Morimoto;Maekawa 1999; Butter et al. 2003; Lala-
tonne et al. 2004; Pileni; Ngo 2005). The main driving
force generated by self-assembly of GOF coated
cellulose fabrics in an external magnetic field are the
magnetic force of magnetic field to APTES/Fe;O,

@ Springer

nanoparticles and the interaction between magnetic
doublets. To be specific, the magnetic easy axis of
APTES/Fe;0,4 nanoparticles with magnetic anisotropy
was oriented to the magnetic line of force when the
APTES/Fe;0,4 nanoparticles in GOF coated cellulose
fabrics were magnetized with the magnetic field
turned on. The magnetized magnetic APTES/Fe;0,
nanoparticles become a magnetic dipole and corre-
spondingly, the magnetic dipole moment between the
magnetic dipoles could be generated. The mutual
repulsion or attraction between the magnetic dipole
moments could cause the magnetic APTES/Fe;O,
nanoparticles to be oriented, which determined the
self-assembly behavior of RGOF coated cellulose
fabrics (Helgesen, Skjeltorp et al. 1988; Butter,
Bomans et al. 2003). The magnetic force acting on
the APTES/Fe;0,4 nanoparticles can be written as

_ ., MoxH dH
P14 N dx

Fx

(2)

where V), is the volume of APTES/Fe;0, nanoparti-
cle; i, is the vacuum permeability; y is the magnetic
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susceptibility; N is the geometry factor and the value is
0.33 for the spherical particle; H is the magnetic field
strength and x is the distance between APTES/Fe;0,
nanoparticle and magnetic iron. It is noticed from
Eq. (2) that the smaller the value for x can change to a
larger magnetic force, which would speed up the
movement of APTES/Fe;0,4 nanoparticles, leading to
greater macroscopic alignment of GOF nanosheets.

Electrical and thermal conductivity of different
coated cellulose fabrics

Figure 6 showed the obtained cycles-volume resistive
curves of the fabric specimens in warp directions after
induction by the magnetic field. With an increase of
the deposition cycles from 1 to 3, the value of different
coated fabrics decreased gradually under induction of
magnetic field, resulting from the morphologies of
RGO and RGOF Nano sheets shown in Fig. 3.
Particularly, the value of RGOF-85/15-3 fabrics
exhibited a low volume resistivity of 64.8 Q-cm, it’s
four times smaller than the Tian’s work (Tian et al.
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Fig. 6 Electrical conductivity values for different RGO- and
RGOF-coated cellulose fabrics

2016) (shown in Table 2) and about 2 times that of
pure RGO-coated viscose fabrics of 5-RGO-c-VF with
5 number of deposition cycles (137.94 Q-cm) in the
previous work (Zhang;Cao et al. 2016). At the same
time, the surface resistivity is about the same as the
Zhao et al.’s work it handles five times (Zhao; Wang
et al. 2020), indicating the increased electrical con-
ductivity of the coated RGOF-85/15-3 fabrics, which
revealed that a certain amount of intervention of
APTES/Fe;0,4 nanoparticles under the external mag-
netic field could improve the mobility of charge
carriers effectively among the sheets of fabrics
(Shenoy;Reddy et al. 2008). It was also demonstrated
that the well-aligned alternating ordered structures of
RGOF-85/15-3 fabrics shown in Fig. 3 could improve
the electrical conductivity of coated cellulose fabrics.
Further, compared with those of coated cellulose
fabrics of pure RGO, the results suggested that the
magnetic induced coated cellulose fabrics of RGOF
sheets grafted with Ferro ferric oxide could not only to
retain the high electrical conductivity, but also to
decrease the number of the deposition cycles and the
graphene oxide consumption. The samples with more
coating of RGOF and RGOF showed a slightly
increase in volume resistivity due to the increased
surface coarseness. Additionally, with the same num-
ber of cycles of the layer-by-layer assembly, an
increase in the weight ratio of APTES/Fe;0O,4 nanopar-
ticles would be beneficial for increasing the electrical
conductivity of the coated fabrics.

To further confirm the electrical conductivity and
durability of the GO and GOF deposited fabrics, the
cyclic resistance change response of the deposited
fabrics was tested after being washed with deionized
water twelve times and the washing step kept 30 min
in room temperature each time, as shown in Fig. 7. It
can be found from Fig. 7 that after twelve times water
laundering, the resistance of the RGOF-80/20-3 fabric
slightly increased from 0.10 kQ cm (before washing)
to 1.31 kQ cm (after washing) compared with that of

Table 2 Comparison of Ref
our study with the reported

Volume resistivity (Q cm) Surface resistivity (k€/sq)

cotton fabric coating rGO in
terms of electrical
conductivity

Tian; Hu et al. (2016)
This study

Zhang; Cao et al. (2016)
Zhao; Wang et al. (2020)
Ren; Wang et al. (2017)

229.0 -
64.8 0.65
137.9 -
- 0.54
- 0.90
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Fig. 7 The change in volume resistive values for RGO- and
RGOF-coated cellulose fabrics with the water laundering times
from O to 12. The number of deposition cycles is 3 times for
RGO- and RGOF-coated fabrics

the RGO-100/0-3  fabric  (before  washing:
1.25 kQ cm; after washing: 19.47 kQ cm), indicating
that the degradation of its electrical conductivity
performance is not obvious after washing. It was also
demonstrated that the coated-fabrics with GO and
APTES/Fe;0,4 nanoparticles under an external mag-
netic field possessed excellent water laundering
durability.

In order to investigate the change in microstructure
to the influence of thermal conductivity property under

©-6-

induction of external magnetic field, the temperature
response time of the different RGO- and RGOF-coated
fabrics to 55 °C was observed by the change of label
color, shown in Fig. 8, Table 3 and Movie S1-5. The
minimal response time was respectively 4.998 s,
4.898 s, 4.781 s, 4.374 s and 3.963 s in different
weight ratios of RGO-100/0, RGOF-95/5, RGOF-90/
10, RGOF-85/15 and RGOF-80/20 when the deposi-
tion cycle was 3. It was demonstrated that the well-
aligned alternating ordered structures shown in the red
dotted box of Fig. 3 could improve the thermal
conductivity of coated cellulose fabrics.

Conclusions

In summary, we fabricated the cellulose fabrics via a
layer-by-layer magnetic-field-induced self-assembly
of graphene oxide sheets grafted with ferroferric oxide
(GOF) and followed by chemical reduction. The
FESEM results revealed that the morphologies of
RGOF sheets in same APTES/Fe;O, nanoparticles
mass ratios gradually formed the well-aligned alter-
nating ordered structures along the external-field
direction when the deposition cycles increased from
1 to 3, however, the higher loading of APTES/Fe;0,
nanoparticles was unfavorable for the periodic struc-
tural rearrangements of RGOF layers. It resulted from

0

Fig. 8 Schematic diagram of temperature response of the coated fabric of RGO-100/0-5

Table 3 Temperature

: Depositioncycles  Response time (s)

response time of the coated

fabrics RGO-100/0  RGOF-95/5 RGOF-90/10 RGOF-85/15  RGOF-80/20
1 5.165 4.446 4.975 4.821 4.507
2 5.031 5.008 4.963 4.628 4.251
3 4.998 4.898 4.781 4374 3.963
4 5.249 5.036 5.002 4.630 4.852
5 5.631 5.577 5.487 5.217 5.092
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the synergistic interactions of magnetic induction
force on magnetic doublet, hydrogen bonds and van
der Waals. Due to the presence of such ordered
structures, the value of RGOF-85/15-3 fabrics exhib-
ited a low volume resistivity of 64.8 Q-cm compared
with that of pure RGO-coated viscose fabrics of
5-RGO-c-VF (137.94 Q cm) in the previous work,
which revealed that the magnetic induced coated
cellulose fabrics of RGOF sheets grafted with ferro-
ferric oxide could not only to retain the high electrical
conductivity, but also to decrease the number of the
deposition cycles and the graphene oxide consump-
tion. Moreover, after twelve times water laundering,
the resistance of the RGOF-80/20-3 fabric slightly
increased by 1.21 kQ'cm compared with that of the
RGO-100/0-3 fabric (18.22 kQ'cm), indicating that
the GOF coated-fabrics under an external magnetic
field possessed excellent water laundering durability.
In addition, the results of thermosensitivity measure-
ment was demonstrated that the well-aligned alternat-
ing ordered structures could improve the thermal
conductivity of coated cellulose fabrics. Therefore,
this work would provide fundamental insight into the
relationship between the different structure of the
assembly layer-deposited fabrics and their properties,
which shed light on the design of next-generation
wearable electronics, strain sensors, smart actuators
and bioelectrodes and so on.
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