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Abstract
Hematite (alphde0s) particles are prepared and synchronously deposited on the surface of polyajide (P
fabric using ferric sulfate as the precursor, sodium hydroxide as the precipitant, and dodiéoyl benzene
sulfonate as the dispersant in a low temperature hydrothermal procedseOhe&oated PA fabric is then
modified with silane coupling agent Z-6040. TheOs; coated PA fabric and remaining particles are
systematically characterized by different techniques, such as small-spot MiagoRtuorescence (U-XRF),
field-emission scanning electron microscopy (FESEM), energy dispersikay Xpectroscopy (EDX),
transmission electron microscopy (TEM), X-ray diffraction (XRD), Foutiansform infrared spectroscopy
(FTIR), X-ray photoelectron spectroscopy (XPS), thermal gravimetric andlyGi8), differential scanning
calorimetry (DSC), diffuse reflectance spectrum (DRS), and vibrating samgdmetometer (VSM). The
properties of tensile, durable washing and photocatalytic activity are iratestigtrhe experimental results
show that~e0; particles composed of hanoparticles having the average crystallite size of 338 grafted
onto PA fabric and enhanced by coupling agent via the C-Fe, O-Fe and Si-O-Fe borfdsintl that, after
treatments, the thermal stability of PA fabric hardly changes; the visgtie dbsorption capability and
magnetism are gained; and the tensile property decreases slightlgsih isonfirmed that thEexO; coated
PA fabric can withstand the repeated washings up to 20 times and photodegrade the adsioybedamg
(MO) exposed to ultraviolet (UV) irradiation. Therefore, the present method pravidew strategy for the

production of durable magnetic fabric.

Keywords: Polyamide (PA) fabric, hematite #&as, hydrothermal
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Introduction

Hematite (alphde0s) as an n-type semiconductor has an antiferromagnetic nature with a band gap of 2.3 eV
under ambient conditions and it can effectively photocatalyze a number of chesaict@ns [1]. However,
the applications of the iron oxides depend on the particle geometry and morplpalidigye size and particle
size distribution and surface chemistry. It has been shown that the preseregaftls surface and smaller
crystallite size in the alphBeOs nanostructures can significantly enhance the photocatalytic degradation of
organic dyes [2]. Also, the visible photocatalytic activities of alpb®s nanocomposites have been greatly
promoted by coupling with N-doped graphene [3]. Likely, the magnetic properties migiantyelled by
modulating the particle size and the alignment off##©: nanoparticles in the matrix by applying an external
magnetic filed [4].

The particle shape, size and surface chemistry of the &fpananoparticle is related to the variables of
its synthesis routes, and the composition, crystallinity, grain growth, and morphotdgaphaFeQOs
nanostructures can be selectively synthesized by hydrothermal and solvothermal procedures [5]eW#ith diff
processing parameters including precursor concentration, pH value, reaction temperatti@ time and
type of surfactant in hydrothermal process, the size and morphology of Fdfibeare controllable. The
examples of different morphologies of alphe@Os nanostructures obtained include 1D nanorods [6] and
nanoribbons [7], nanodisk [8], 3D structures including microspheres [9, 10], truncated tahadox [11],
almond-shaped [12], polyhedron-shaped nanopatrticles [13, 14], rhombohedral [15], and quasi-cubes [16]
well as dendrites and hierarchical nanostructures such as snowflakes [17]is{ikanucapsule-like,
cantaloupe-like, urchin-like [18], pod-like [19], platelet-like [20], floviike [21] nanoparticles. It has been
proved that the resultant alpkaOs particles are of different optical, magnetic, electrochemical, and

photocatalytic properties [22, 23].

Textile materials loaded with magnetic nanoparticles have beele fior diverse applications [24]. For
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example,Fe0Os; microtubules have been synthesized via sol-gel [25] and supercritical carbon dR&{ide
routes using cellulose fiber as the template. It is indicated that the d¢tyeadithe resultant microtubules
decreases with the addition of surfactant and increases after the samples are cf@ihawahodisperse

alphaFeOs nanostructures are also prepared in an efficient Bombyx mori silk fibroin assystexdhermal

process, and the morphologies of alfpfe©s nanostructures having shape-dependent magnetic properties are

greatly influenced by the concentration of the silk fibroin [28]. Multi-functional ptdyePET) fabrics
having magnetic, antibacterial and sono-Fenton catalytic properties are fabirncsitedsynthesis of E©a
and alpha=e03 nanoparticles using ferric chloride, ferrous sulfate and sodium hydroxide at various
temperatures [29].

In previous paper, we reported an alfpfeaOs coated PET fabric obtained via a facile hydrothermal route
[30]. While PET fabrics, which is acidic resistant but prone to alkdlition, are excellent fibrous support
substrates for the alpHa=0s nanoparticles, it thus might not be suitable for the applicatioralkali
environments. Polyamide (PA) fabric is one of the most contynused textile materials having best
abrasion resistance and is widely utilized for clothes fabrics, pagkager, carpets and ropes, and thus
should also be an excellent fibrous support substrates for Bpananoparticle and the alphas0s
coated PA fabrics are expected to have potential applications in mesl@aionic, and catalytic fields.
However, PA fabrics are alkali resistant and prone to acidic solatidnthus might not stand the acidic
hydrothermal process for making the al@f@©Os nanoparticles; thus little research is found related to
magnetic PA fabric deposited with the alpgh@©Os nanopatrticls.

In this study, in order to impart the PA fabric with the photocatalytic aaghetic properties, alpHeeOs
nanoparticles are synthesized and simultaneously immobilized on the surface of ieAyabsing ferric
sulfate and sodium hydroxide in a hydrothermal process. The rest&#d coated PA fabric is further

modified with the silane coupling agent Z-6040. X-ray diffraction (XRD), transmission electrarsooply
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(TEM), and vibrating sample magnetometer (VSM) analysis are carried out griehae the alph&eOs

nanoparticles synthesized. Comparisons are made between the structure and propbkeienafated and
alphafe0Os coated PA fabrics by using several techniques including field-emission scaneitcprel
microscopy (FESEM), energy-dispersive X-ray (EDX), Fourier transform infirectroscopy (FTIR), X-ray
photoelectron spectroscopy (XPS), thermal gravimetric analysis (TGA)rediffal scanning calorimetry
(DSC), and diffuse reflectance spectrum (DRS). Finally, the properties of etemstachment and

photocatalytic activity are assessed.

Experiments

Materials

An undyed polyamide (PA) fabric with plain weave structure, which was obtdioed Haiyan Jiaxia
Chemical Fiber Co. Ltd, was used as the support substrates for the deposie@:qgbarticles. The linear
mass densities of yarns are 8 tex for both warp and weft yarns. The numberaasd gfee10 centimeter of
the fabric in both warp and weft directions are 420 and 300 respectivelyeriRegade chemicals including
ferric sulfate (FE{SQy)s, Tianjin Bodi Chemical Co., Ltd), sodium hydroxide (NaOH, Tianjin Kemel Chemical
Reagent Co., Ltd), sodium dodecyl benzene sulfonate (SRESinaoss, Shanghai Aibi Chemicals
Preparation Co., Ltd), N,N-dimethylformamide (DMF, HCON@EHShanghai Aibi Chemicals Preparation
Co., Ltd), acetone (fEsO, Nanchang Lanxiang Chemical Co., Ltd), anhydrous ethandlsQZ Nanchang
Lanxiang Chemical Co., Ltd) and methyl orange (M@H=N:NaO;S Shenzhen Xinhua Chemical Tech Co.,
Ltd), were used without further purification. Deionized water was apfdiethe fabrication processes. The
silane coupling agent #6040 (y-glycidoxypropyltrimethoxysilane, (CiD)s:Si(CH)sOCHCH-CHz) was

provided by Dow Corning (Shanghai) Co., Ltd.
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Deposition ofFe;Os Particles on the PA Fabrics

About 0.8 g of PA fabric was firstly soaked in 80 ml of 6% hydrochloric acid solut 60°C for 30

minutes. After being washed with deionized water, it was immersed in 30 M/Naflimethylfomamide

solution at 80°C for 3 hours, and then was successively washed twice with acetone, anhidrmlisast

deionized water. The hydrothermal method was used for the depositt@QOaparticles on the PA fabric. A

certain amounts of ferric sulfate (0.03 mol/l) and sodium hydroxide (0.18) mvele dissolved into 40 ml of

deionized water at 40°C and magnetically stirred for 10 minutes. About 0.ISPB$ was subsequently

added into the above suspension under vigorous stirring. The pretreated PA fabric wdglgcor

submerged into the suspension for 3 minutes. The suspension containing the fabric wasttansdes0 ml

PTFE-lined stainless steel autoclave. Six identical autoclaves were simultan@epsited according to the

above method, which was placed in a furnace for the hydrothermal treatment. ddélevautvas heated to

110°C at a speed of°@/min. After 4 hours, the autoclave was cooled down to the room temperature

naturally. TheFeOs; coated PA fabric was taken out and dipped in the anhydrous ethanol solutiomifor 5

without stirring. The remaining particles were separated from the solbtiooentrifugation, and then

repeatedly washed with acetone, anhydrous ethanol and deionized water, respectivelgdanddracuum

oven at 80°C for 12 h.

Modification of Fe;Oz coated PA Fabric

About 2 ml of silane coupling agent Z-6040 was dripped into 40 ml of anhydrous ethaerolvigmtous

stirring and 60 ml of deionized water was then added to dilute the solution at theeropenature. The E©s

coated PA fabric was immediately immersed into the above mixture at 60&C madnetic stirring. After 4

hours, the fabric sample was put under the Philips ultraviolet (i at a distance of 10 cm. The main

wavelength of the UV irradiation is 365 nm and the power is 40 W. After exposure to irradiation for 30 min on

each side, the fabric sample was dried at 80°C for 30 min, and then mildly &uf20°C for 3 min. The



BLOOO\IO‘\U'I»bL»Jl\)H

GRELRR

16
17
18

BRBRR

BEBYR

EORGRS0ES588YRBRBYEY

s
e}

ARXAIBPLBBEIRALIRBES

modified FeO; coated PA fabric was dipped in acetone, anhydrous ethanol and deionized water for 10min,

respectively, and finally dried at 80°C in vacuum air.

Characterization and Measurement

The information on composition and 2D element distribution of the modie@scoated PA fabric was
measured using the M4 TORNADO small-spot Micro X-ray Fluorescence (1-XRF) analysis system.

The surface morphologies of PA fabric before and after treatments wtrerfabserved using a JEOL
JSM-6700 field emission scanning electron microscope (FESEM). The elemental anadyasison@nducted
on an Oxford INCA Energy 400 energy-dispersive X-ray (EDX) spectrometer in the FESEM.

The microstructure of the remaining particles was determined by transmiksithore microscopy (TEM,
JEOL3010, 200 keV).

The X-ray diffraction (XRD) diffractogram of the remainingriieles was obtained by using a 7000S
diffractometer. It used a monochromatized Guradiation (A=0.154056 nm) at 40 kV and 40 mA and a
graphite monochromator in the& 2ange of 1680° at a scan speed of 8 deg/min. The crystallite size of the
particles was calculated using Scherrer equalleii/fcosé (whereD is the diameter of the particlg,is
the X-ray wavelengthy is the FWHM of the diffraction lined is the diffraction angle, and is a constant
0.89).

The Fourier transformed infrared (FTIR) spectra of the fabric and particlelesamere obtained using a
FT-IR 7600 spectrophotometer (Lambda Scientific Systems, Inc). The samples were mixed agsiupot
bromide to obtain a uniform pellet. The spectra were in the rang&@00 cm' at a resolution of 4 cth

The surface chemical compositions and bonding states of PA fabric before and afiteentieavere
characterized by an Xy photoelectron spectroscope (XPS) using a Thermo Scientific Ka X-ray
photoelectron spectrometer. The samples were analyzed usiogpahmmatic Al Ko radiation at a binding

energy of 1486.68 eV as the X-ray source. The vacuum of the analysis chambessathan 8x10Pa. All
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binding energies were calibrated to the peak at 284.6 eV. The XPS peak areas and peak decomposition

were studied by using the Thermo Scientific Avantage Data System. The spe@sufitstvsmoothed by

using the Savitsky-Golay algorithm (auto-apply changes). The peak background waotessaat by using

the smart algorithm. The peak was fitted by using the Gaussian-Lorentzian mixed algorithm.

The thermogravimetric (TG) and differential scanning calorimetry (D8€3jsurements were performed in

a NETZSCH STA 449F3 instrument at a constant heating rate of 10 K/min witfogenitflush rate of 20

ml/min over the range of 4850°C. The onset, endset and peak decomposition temperatures were evaluated

using the NETZSCH Proteus Thermal Analysis Software Version 5.1.

The diffuse reflectance spectrum (DRS) of the fabric sample in theB200nm wavebands was recorded

using a U-3010 UV-VIS-NIR spectrometer with an integrated sphere attachmenBaS@gas the reference

at a scanning speed of 120 nm/min. The change of the reflectance was calculated by subtracting the reflectanc

value of the modifiedFeO; coated fabric sample from the reflectance value of the untreated one at

corresponding wavebands in DRS spectra.

The static magnetic properties of the as-prepared fabric and particles wesediss@®y a vibrating sample

magnetometer (VSM, Quantum Design Corp.) at a temperature of 300 K. Thie gdmeced at the holder was

caused to vibrate vertically at a frequency of 40 Hz and amplitude of 2 mntoEhevity and remnant

magnetization were obtained by the intercepts in the horizontal anduldingl coordinates in the magnetic

hysteresis loops, respectively.

The tensile properties of the fabric sample were measured using a YG(B)02&e&00mechanical test

instrument according to GB/T3923.1-1997. The initial gauge length was 200 mreanitith was 50 mm.

The testing rate was 100 mm/min and the pretension was 2 N.

To evaluate the bonding strength betw&eyOs particles and PA fabric, about 0.5 g of the fabric sample

was mixed with 200 ml deionized water at°’@0and 0.2 g commercial detergent (AATCC 1993 standard
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detergent without optical brightener) was added into the suspension. Thestabpte was washed under
magnetically stirring for 20 min, and subsequently soaked in anhydrous ethan®Cd&bAQ0 min and then
rinsed with deionized water at ambient temperature for 15 min, and dried in an ové@ &ir&0 min. After
20 washing cycles, the fabric sample was observed by the above mentioned FESEM.

The photocatalytic activity of the fabric sample was carried out by the plecterization of MO at room
temperature under UV lights. About 0.25 g of the fabric sample was immiars@dnl of 2 mg/l MO aqueous
solution. After 6 h in the dark to reach the adsorption and desorption equilibh@nmeaction solution was
irradiated by a Philips 20 W UV lamp with a main wavelength of 254 nm astande of 10 cm. The
absorbance at 464 nm was monitored using a UV-1600 spectrophotometer (Beijing Rayleigitahnal
Instrument Corp.) every other hour. The degradation Dateas expressed as follows: D=@/Ao)x 100%

Where Awas the initial absorbance of MO solution which reached absorption equilibriun#: arzd the

absorbance of MO solution at time t. The standard curve between the concentration and the alfsorbanc

MO solution was calibrated based on the Beambert’s law. The apparent photo-decolorization rate
constank of MO solution was calculated according to a first order kinetic equationd/ Y& f(t)=kt, where
Cois the initial concentration of MO aqueous soluti@nis the concentration of MO solution at tirh¢31].
The MO solution was replaced with fresh solution and the reusability of the esbié&O; coated PA fabric

sample was measured based on the above method.

Results and Discussion

H-XRF Analysis

The chemical composition identification and homogeneity analysis of the mdei#®g coated PA fabric are
shown in Figure 1. It is seen from the optical photograph that the finalljnedt®A fabric is uniformly

stained by the reddish-brown color. Also, the elements of Fe, Si, Al, S and K argdmzoosly distributed in
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the examined area. In comparison with Si, Al, S and K elements, the element of Fe becomes more intense.
The results of elemental analysis are listed in the Supporting Informati(se&Table S1). It is obvious that
the major elements are Fe (72.78%) and Si (23.90%), along with minor componen{2.6fL.2d), S (0.29%)
and K (0.42%). Therefore, the PA fabric is evenly deposited with a layer of iron oxide particles.

FESEM and EDX Analyses

The microstructure and elemental analysis of PA fabric before and after treatmenémsueech by means of
FESEM and EDX, as illustrated in Figure 2. It is observed that the surfaitee aintreated PA fiber is
smooth and clean without any substances [Fig. 2(a)]. The EDX results confirm thahehecal
compositions of the untreated PA fabric are constituted of C, O, and N elefrigntg(p)]. In contrast, the
surface of the modifiedexOscoated PA fiber is homogeneously coated with a layer of aggregation
substances [Fig. 2(c)]. The resultant EDX analysis is in agreement with riipoigents of iron oxide and
silane coupling agent. Besides C, N and O, the elements of Fe and Si are dgtigct&{d)]. The
agglomerated material consists of smaller spherical particles with a narrow dtribfitshapes and
dimensions. These micrometer-sized aggregates of the nanoparticles are closely embetitedubstrate
of PA fiber [Fig. 2(e)]. From the high-magnification FESEM imagehef modifiedFe0O; coated PA fabric
[Fig. 2()], the sizes of the submicron-sized particles are in the range of 300~500 nm in diameter.

TEM Analysis

The TEM and HRTEM micrographs and selected area electron diffraction (SAED) patthm refmaining
particles are depicted in the Supporting Information S2 (see Figure S2). The repres@iititimicrograph
of the remaining particles indicates that the particles have the tetrahequalsd-spherical shape [Fig. S2(a)].
Obviously, the size of the particle remaining in the solution is larger tharadh&red onto fiber surface.
Thus, the growth or agglomeration of as-synthesized particles loaded on fefaie $s effectively inhibited

during the same hydrothermal condition. The high-resolution TEM micrograph ctanlys the resolved
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lattice fringes with interplanar spacing of 0.37 nm, which is in atagth the (012) crystal plane (0.368 nm)
of alphaFe03[32]. The optical transparent edge of the patrticle is attributed to glamiormatter [Fig. S2(b)].
The bright diffraction spots of the SAED pattern reveal thatR#©: particles are single-crystalline [Fig.
S2(c)).

XRD Analysis

The XRD diffractogram of the remaining particles is represented in d-igurAs shown, a series of
diffraction peaks are noticed at-224.2°, 33.2°, 35.6°, 40.8°, 49.4°, 54.0°, 57.5°, 62.4°, 64.0°, 71.9° and
75.4°, which are identical to the (012), (104), (110), (113), (024), (116), (018), (214), (B@Y10) and
(220) crystal planes of hematite with a rhombohedral corundum structure. These cktcapgieaks are
consistent with the data list in JCPDS Card 380664 [33]. The crystallite size dfeOs; particles is
estimated by measuring the full width at half maximum (FWHM) of (104), (ahd)(116) reflections based
on Scherrer’s equation. The average crystallite size is calculated to be 37.8 nm, which is far smaller than that
observed from the TEM micrograph.

FTIR Analysis

The FTIR spectra of PA fabric before and after treatmentd-aiidh particles are exhibited in Figure 4. It is
clear that the spectrum of the modifie€Os; coated PA fabric is almost similar to the spectrum of the untreated
one. After treatment, the strong peak centered at 3424ixneduced to 3400 chwhich corresponds to the
absorption bands of O-H stretching mode of OH groups ahidsitetching mode of NH groups. This is due to
the surface absorbed-water inducedH®0; particles. The peaks at 1639 (C=0 stretching) and(l§89 out-
of-plane bending) crhare shifted to 1645 and 6@&1?, respectively. That is ascribed to the hydrolysis of PA
fiber. In comparison with the FTIR spectrumFaOs particles, the peak at 569 grassociated to the stretching
vibration of the Fe-O functional groups is not found inrtiadified FeOscoated PA fabric [34]. One reason is

that the Fe-O band is overlapped with the out-of-plane detaymvibration of C=0 of PA fiber. The other
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reason is that thEeOs particles deposited on PA fabric is of little amount, whicheigond the IR detection

limitation. Moreover, the absorption bands of the coupling agent are not identifizdsbeaf the very small

amount of Z-6040. It is proposed that the methoxy groups of Z-6040 are firstyngtrdb produce active

silanol groups to form polysiloxanes. The polysiloxanes then hydrogenate with OH grdeg&©0particles.

The covalent linkages eventually form wild®Os coated PA fabric after UV curing [35]. As a result, it is

difficult to judge whether the E@sparticles are grafted onto PA fabric.

XPS Analysis

The survey scan and high-resolution core level XPS speétthe bonding partners {£O1s, Nis, Skzpand

Feyp) for PA fabric before and after treatments arespneed in the Supporting Information S3 (see Figure

S3). The quantitative elemental analysis results anemmrized in the Supporting Information S4 (see

Table S1). It is evident that the elements of sili¢d01.97 eV) and iron (710.28 eV) are detected in the

FeOs coated PA fabric [Fig. S3(a)]. Thes core level spectra for the untreated PA fabricfdated into

four sub-peaks with binding energies of 284.59, 285287.56 and 288.60 eV, which are assigned to C-C,

C-N, C=0 and O-C=0, respectively [36]. After treatipdwo new sub-peaks at 283.41 (C-Fe) and 286.64

(C-0) eV in thecis core level spectra of the modifiéaO; coated PA fabric are observed [Fig. S3(b) and

S3(c)] [37].

In comparison with the:s XPS spectra of untreated PA fabric, the sub-peak of aliphatic -OH at 533.05 eV

disappears, which is associated to the absorbed oxygen induced by pretreatment. pdaksa-530.84

(O=C-0) and 531.85 (O=C) eV increase to 532.22 and 533.59 eV, respectively [38]. Meanwhiiewou

sub-peaks at binding energies of 528.80, 529.80, 531.10 and 535.27 eV are observed [Fig. S3(d)].and S3(e

The sub-peak at 528.80 eV is ascribed to O atoms of PA fabric bound toFE®e{39]. The sub-peak at

529.80 eV is attributed to O atoms bound to FEeDsparticles [40]. The sub-peaks at 531.10 and 535.27 eV

are correlated to the O-Si and O-C functional groups, respectively [41].
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Besides the sub-peak at binding energy of 398.50 eV (N-C), a new sub-peak at 400.17 eV (N-H) is noted for
the modifiedFeOs coated PA fabric [Fig. S3(f) and S3(g)]. Teg XPS spectrum can be deconvoluted into
four distinct sub-peaks [Fig. S3(h)]. Thebspeaks at 100.35, 101.54, 102.38 and 103.80 eV represent the Si-
O-Si, Si-O-H, Si-O-C and Si-O-Fe groups, respectively [42].

Therezpcore level peaks are split into eight sub-peaks [Fig. S3(i)]. The sub-peak appéanddhgtenergy
of 709.65 eV is attributed to the #g.. and another one localized at 722.73 eV corresponds to thg.Fed
FeOs. The slitting between ke,.. and Fe-+ ... core levels is 13.08 eV, which is consistent with the normal
state of F& in the hematite [33]. The sub-peaks at 712.43 and 725.61 eV are related eonEeotfeO;
bound to O of PA fabric, respectively. The sub-peaks at 715.57 and 729.14 eV correspondtosFef at
FeOs; bound to C of PA fabric. The sub-peaks at 718.84 and 732.81 eV are ascribed to Fe atof@s of Fe
bound to Si-O of coupling agent, respectively. So it is demonstrated irbthve aesults that the Ees
particles are grafted on the surface of PA fabric via the C-Fe, O-Fe and Si-O-Fe bonds.

TG and DSC Analyses

The TG and DSC curves of PA fabric before and after treatments are compared irb Figisrapparent from

TG curves [Fig. 5(a)] that the onset decomposition temperature slightgages from 410.6°C to 412.7°C
after PA fabric is treated with ferric sulfate and sodium hydroxide and theniedbaifth Z-6040. The
corresponding endset decomposition temperature hardly changed (455.3°C vs. 454.5°C). dn, dleliti
weight loss decreases from 94.31% to 88.76% over the full temperature rangeimgtgotde amount of
FeOsparticles deposited on PA fabric is estimated about 5.55%, which is very clbgemedsured value of
5.4%. It is obvious from DSC curves [Fig. 5(b)] that in comparison with the tedrd@A fabric, the
endothermic peak of the #&s-coated PA fabric slightly decreases from 223.4°C to 220.0°C. The
corresponding major endothermic peak decreases from 444.3°C to 440.2°C. This is due to the coafirg of Fe

particles. Hence, the thermal stability of PA fabric changes hardly changef @visnsubjected to the hot
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pressure water and chemicals under hydrothermal conditions.

DRS Analysis

The diffuse reflectance spectra of PA fabric before and after treatments@eget in Figure 6. It is worth

noting that the untreated PA fabric has the capability of absorbingradiation. The dominant absorption

region from 200 to 350 nm is attributed to the characteristic struct?Pé.cAfter treatment, the reflectance

decreases distinctly in UV region and the absorption edge extends to visible (&0 nm), implying the

FeOscoated PA fabric has a good photocatalytic activity. The average reflectanties F#Os-coated PA

fabric are reduced from 18.8% to 5.0% in UVB waveband and from 43.9% to 5.3%AnmMdveband in

comparison with the untreated PA fabrics, respectively. At the same time, thgeaveftectance decreases by

72% in visible region. Based on the linear fit and the abscissa, the band-gag-efheoated PA fabric is

estimated around 2.3 eV [43], irrespective of the substrate. This is very welhted with the value (1=2.3

eV) reported for the band gapsk#0; [44].

VSM analysis

The magnetic hysteresis loops of the modifteelO; coated PA fabric an#eOs; particles at 300 K are

collected in Figure 7. It is observed that, as the applied magnetic field incrésesagnetization of the

FeOs particles increases progressively. The saturation of magnetization as arfuoictihe field is not

observed up to the maximum applied magnetic field of 30000 Oe, which is in accordantdeewéhult of

previous work [21]. The linear increase in the magnetization is ascribed to thibutmn of the FeOs

antiferromagnetic core. The magnetization of the as-prepa€sl particles is smaller than that in previous

studies [29], as this is influenced by the microstructural charactergdtitse crystal structure [45]. The

coercivity and remnant magnetization B&Os particles are calculated to be 292 Oe and 0.077 emu/g

respectively (see inset of Fig. 7), indicative of soft magnets induced by ssgacelisorder and shape

anisotropy [46]. For the modifieteOs coated PA fabric, the magnetization decreases significantly in
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comparison with th&eO; particles. The coercivity is estimated to be 205 Oe and the remnant magnetization

is reduced to 0.0072 emu/g.

Tensile Property

The volumetric densities and tensile properties of PA fabric before andtrafdments are given in the

Supporting Information S5 (see Table S2) according to GB/T3923.1-1997. Because thdatwamtesthrunk

during its hydrothermal treatment at high temperature for a greatdimation, the fabric densities in both

warp and weft directions increase. The shrinkages of the mo&d€x coated PA fabric are calculated about

9.2% in warp direction and 9.0% in weft direction, respectively. After trerattnihe breakage strength and

breakage elongation in both directions increase to some extent, which are maibkydagcthe increase of

the fabric densities. Thus the hydrothermal treatment has some influence on the cakphapérties of PA

fabric.

Durable Washing

The surface morphology and EDX spectrum of the modifie; coated PA fabric after being washed for

20 cycles are shown in the Supporting Information S6 (see Figdirelt is seen from the FESEM image

that many small aggregates are still anchored on the surfale ofodifiedFeOs coated PA fabric after it

is subjected to 20 washing cycles. While it is demonstrat#teiiEDX results that the chemical elements of

C, N, O, Si and Fe still remain in the fabric, the amafrglement Fe decreases from 44.87% to 37.15% by

mass percentage and from 17.39% to 12.86% by atomic percentgagstieely. Therefore, it is concluded

that the bonding strength betweBrmO; particles and PA fabric is strong enough to withstand repeated

washings.

Photocatalysis

The effect of irradiation time on the degradation rate of MO solution expogdd trradiation is depicted in

Figure 8. It is clear that the degradation rate increases with the increasesliation time for all coated



fabrics. The MO dye was able to be photodegraded to a lesser extent under U¥7ligiihé untreated PA
fabric can absorb MO dye to some degree. After 8h of UV irradiation, the degradats are around 19%
for the MO solution without any fabric, 27% for the untreated PA fabric8d for the modified F€s-
coated fabric, respectively. The enhancement of the photodegradation of MO dyes fodifednfeOs-
coated PA fabric is attributed to the photocatalytic activity.@f;particles [48]. The photodegradation of MO
follows approximately a first order kinetic model [49]. The apparent rateastasiare 0.196 mihfor Fe&Os;
coated PA fabric and 0.038 miifior untreated PA fabric, larger than 0.017 wfior the MO solution without
PA fabric. The corresponding squared correlation coefficierfisa(f@ larger than 0.98 for all samples. The
results show that after 5 cycles of UV irradiation, the degradation rateefondtifiedFeO3 coated fabric is
less than 85%. This is because the active sites on fabric surface are redsoet tdegree because of the
increased retardation effect, which result in the decrease of competitivptamtsof OH species and a lower
formation rate of OH- radical [31]. Therefore, the degradation rate of MO dyeades as the degradation

cycle increases.

Conclusions

In this study, a layer of hematife0; particles are deposited on the surface of PA fabric homogeneously to
make the fabric have magnetic and photocatalytic properties by means oéngerature hydrothermal
method. The results from FESEM, p-XRF, and XRD examinations indicate that submiedrisinatite
FeOs particles are aggregates of nano-scédefDs; particles with average crystal size of 37.8 nm. It is also
illustrated in the results from both FTIR and XPS tha; particles interact with PA fabric via the C-Fe, O-
Fe and Si-O-Fe chemical bonds. In comparison with the characteristics in both TG anor DStehted PA
fabric, the thermal stability of thEeOs coated PA fabric hardly changes. It is confirmed in DRS, VSM,

durable washing and photocatalysis experiments thaF&@; coated PA fabric modified with coupling
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agents has the ability to absorb UV irradiation, respond to applied magnetic dskt, to washing and
photodegrade organic dye. The tensile properties df&f@; coated fabric largely are retained. The magnetic
and photocatalytic properties of tHf&03 coated PA fabric could be particularly attractive for the various

applications in textiles, electronics, medicine, military products.
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Figure captions:
Figure 1. The composition and homogeneity analysis of the mod#fe&d; coated PA fabric

Figure 2. FESEM images of (a) 1000x untreated, (c) 1000x and (e) 10000feddee,Os coated PA fiber,
and (f) 30000x high-magnification FESEM image of modifiesO; coated PA fiber; EDX spectra of
(b) untreated and (d) modifidgeeOs coated PA fiber

Figure 3. XRD diffractogram of the remaining particles

Figure 4. FTIR spectra of (a) untreated and (b) modifiegDs; coated PA fabrics and (EpO:s particles
Figure 5. TG (a) and DSC (b) curves of PA fabric before and after treatments

Figure 6. Diffuse reflectance spectra of PA fabric before and after treatments

Figure 7. Hysteresis loops of the modifi€@0Os coated PA fabric anBeOs particles at 300 K

Figure 8. Effect of irradiation time on the degradation rate of MO solution exposed to UV irradiation
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Figure 5(a)
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Figure 5(b)
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Figure 6
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Figure 7
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Figure 8
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