
 

 

I. INTRODUCTION

The main functions of the traditional textiles were to keep 

the human body warm and dry in cold climates and to 

protect human from the heat and sun in hot climates. Today, 

continuous growth in the world's population and 

improvements in living standards have required textiles with 

new functions to meet changing needs. Thermal 

physiological comfort is important for apparels when there 

are challenging temperature conditions [1]. Outdoor thermal 

comfort can not be achieved by air conditioning like indoor. 

Without air conditioning, clothing becomes the important 

way to control human body temperature. However, common 

clothing has limited range of thermal insulation and solar 

blocking, which often fails to shield solar radiation from sun 

in hot summer.  

Sunlight that reaches the human skin contains solar 
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energy composed of 5% ultraviolet (UV), 50% visible light 

and 45% infrared radiation as shown in Fig. 1 (a). Long 

time UV exposure on human skin can cause skin cancer, 

which has been proven by many studies [2]. UV blocking 

textiles have been studied for many years. TiO2, silver, ZnO 

and so on have been applied to the textile for UV blocking 

[3], [4]. However, human skin is actually exposed to 

tremendous amounts of natural near-infrared (NIR) from the 

sun as well, especially people in outdoors. In reality, NIR 

can penetrate the skin, which may induce photoaging and 

potentially photocarcinogenesis [5]. Few studies investigate 

NIR shielding recently. Some materials, including hollow 

microspheres [6], silver [7] and TiO2/SiO2 [8], can be 

applied on the surface of the fabric to reflect the NIR for 

shielding. However, the reflection rate of this kind of textile 

is relatively low due to disconnection between fibers and 

rough surface of the fabric. Therefore, the necessity of high 

efficiency solar NIR shielding textile should be considered.  

On the other hand, far-infrared (FIR) rays with a longer 

wavelength of 6-15 μm can penetrate 2-3 mm [9] into skins 

and exert strong rotational and vibrational effects at the 

molecular level, leading to dilation of blood vessels and 

therefore, enhancement of blood microcirculation and 

metabolism [10]. FIR emitting materials would transform 

the energy absorbed from either sunlight or heat of the 

human body into FIR rays within a specific wavelength 

range, and then reemit them to the human body [11]. 

Because FIR radiation enhances blood circulation and 

metabolism as well as promotes the recovery of fatigued 

muscles [12], much attention has been paid to the 

application of far infrared emission materials to textiles that 

have close contact with the skin for therapeutic and health 

care purposes [13], [14]. 

Cesium-doped tungsten oxide Cs0.32WO3 is an ideal NIR 

shielding material for solar control [15]. Thin films prepared 

with these nanoparticles even at a low percentage (0.2 wt%) 

can reach a high NIR shielding efficiency in the whole wave 

range of NIR. Cs0.32WO3 nanoparticles possess good 

chemical stability and non-toxic, which are suitable for 

textile applications. However, there is only one research that 

applied Cs0.32WO3 to textiles for IR blocking [16], and far 

IR emission of the coated textile has not been investigated.   

In this study, Cs0.32WO3 nanosheets were synthesized 

through a scalable mechanochemical synthesis method 

accompanied by a mechanical bead-mill process, which is 

waterless and environmental friendly. As synthesized 

Cs0.32WO3 nanosheets were characterized by transmission 

electron microscopy (TEM), scanning electron microscopy 

(SEM) and X-ray diffraction (XRD). Cs0.32WO3 nanosheets 

were self-assembled on cotton fabric with assistance of 
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Abstract—Near infrared (NIR) shielding textiles have 

attracted a great interest recently for energy saving and 

human comfort. On the other hand, far infrared (FIR) rays 

with a longer wavelength of 6-15 μm can enhance blood 

microcirculation and metabolism. Therefore, FIR emission 

fabric also shows commercial value. Self-assembly Cs0.32WO3

nanosheets coated textile can achieve NIR shielding and FIR 

emission functions at the same time by applying single 

functional material--Cs0.32WO3 nanosheets to cotton fibers. 

Cs0.32WO3 is known as a great NIR absorber and it is also a far 

infrared emitter. NIR is absorbed by Cs0.32WO3 nanosheets 

and converted into FIR radiation for human blood circulation. 

Compared with current infrared shielding textiles using solid-

liquid phase change materials (PCMs), Cs0.32WO3 coated 

textiles possess better shielding property and longer service life, 

no leakage and FIR emission. The excellent NIR absorber 

Cs0.32WO3 nanosheets were successfully synthesized in this 

study. The coated fabrics were tested for NIR shielding 

property, FIR emissivity and laundering durability. Cs0.32WO3

coated textiles with excellent infrared shielding performance of

lowering the temperature of about 4.5 °C, good FIR emissivity 

of increasing fabric surface temperature to 64 °C, and washing 

durability were comprehensively maintained. 
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PDDA (as shown in Fig. 1 (b)) to improve NIR shielding 

performance in the wave range of 780 to 2600 nm and FIR 

emission property. Cs0.32WO3 nanosheets coated cotton 

fabric with excellent NIR shielding properties and FIR 

emission was prepared FIR as shown in Fig. 1(c). The 

Cs0.32WO3 nanosheets coated cotton fabrics were 

characterized by scanning electron microscopy (SEM), 

Attenuated Total Reflectance infrared spectroscopy (ATR) 

and atomic force microscopy (AFM). Color characteristics, 

NIR shielding property and surface temperature under solar 

radiation of the coated cotton fabrics were evaluated. In 

addition, the color fastness to washing was employed to 

evaluate the adhesive strength of the Cs0.32WO3 nanosheets 

on the cotton fabric modified with Poly(diallyldimethyl 

ammonium chloride) (PDDA). Cs0.32WO3 nanosheets coated 

cotton fabrics can achieve NIR shielding, FIR emission 

multifunctions within a fabric by only using Cs0.32WO3

nanosheets as functional materials. This kind of fabric can 

be used in outdoor NIR shielding, photo-thermal therapy for 

health care and other related areas. 

Fig.1. (a) Solar radiation on the skin, (b) Schematic of fabricating of 

Cs0.32WO3 nanosheetscoated textiles and (c) Cs0.32WO3 nanosheetscoated 

textiles for near IR shielding and far IR emission. 

II. METHOD

A. Materials

100% Cotton fabric (84.0g/m2) was purchased from

spotlight. 20 wt% Poly(diallyldimethylammonium chloride) 

(PDDA) was purchased from Sigma. Sodium tungstate 

dihydrate (Na2WO4·2H2O), oxalate dihydrate 

(H2C2O4·2H2O), and dehydrated ethanol were of analytical 

grade, used without further purification, and purchased from 

Damao chemical reagent factory. All of the chemicals were 

used as received. 

B. Preparation of Cs0.32WO3 Nanosheets

Cs0.32WO3 nanosheets were synthesized based on our

previous work [17]. In a typical experiment, 32.95 g of 

Na2WO4·2H2O (0.10 mol) and 12.73 g of H2C2O4·2H2O 

(0.10 mol) were placed into Teflon ball milling pots of 500 

mL that loaded with 280 g of zirconia milling balls of 8 mm 

in diameter. Then they were transferred to a three-

dimensional rotary planetary ball mill for milling at 1800 

rpm for the designed period. Next, the as milled pasty 

powders were washed successively by using deionized 

water and dehydrated ethanol several times. Followed by 

drying in a blast air oven at 60 °C for 2 h, about 24.30 g of 

WO3·2H2O ultrathin narrow nanosheets can be obtained. 

The as-prepared WO3·2H2O nanosheets and Cs2CO3 were 

ground at 1800 rpm for 60 min using a planetary ball mill. 

After the as-milled mixtures were calcined in a tube furnace 

set at 500°C for 120 min under a flowing H2/N2 gas mixture 

(H2/N2 = 5/95 in volume). Finally, Cs0.32WO3 nanosheets 

were obtained. 

C. Fabrication of Near Infrared Shielding Textile

Cotton fabrics (8cm×8cm) were firstly washed by ethanol 

and acetone in the ultrasonic bath for 30 min respectively. 

Then they were washed with flowing deionized water for 5 

min and dry in oven at 60 °C for 2 h. Cotton fabrics were 

dipped into 10g/L of 20 % PDDA solution (200 ml) for 24 h, 

and then they were washed by deionized water and dried at 

60 ℃ in oven. 

0.4 g Cs0.32WO3 nanosheets were dispersed in 400 mL 

deionized water at and put into ultrasonic bath for 30 min. 

The PDDA treated cotton fabric was put into Cs0.32WO3 

nanosheets dispersion for 48 h and then washed by 

deionized water and dried at 60 ℃ in oven for 5 h.  

D. Characterizations

The microstructure and crystal lattice of the samples were 

analyzed using a transmission electron microscope (TEM, 

FEI Tecnai T20, America). The microscopic morphology 

was obtained using a field-emission scanning electron 

microscope (FE-SEM, FEI Nova 450, America) with an 

energy-dispersive spectrometer (EDS) attachment at an 

acceleration voltage of 5 kV. Surface topography of coated 

cotton fiber characterized by AFM (Dimension iCon AFM). 

X-ray diffraction (XRD) analyses were conducted on a

Rigaku Mini flex 600 diffractometer (Japan) with Cu Kα 

radiation (λ¼=1.5418 Å) using a voltage and current of 40 

kV and 15 mA, respectively. The sample was measured at a 

scanning rate of 5°/min. 

The pictures of the original and Cs0.32WO3 coated fabrics 

were taken by a digital camera. 

Simulation test: We also characterized the thermal 

management of the Cs0.32WO3 coated textiles by using a 

system which simulated the real environment. A box 

(18×18×10 cm3) with a 6×6 cm window was made of 0.5 

cm thick glass covered by aluminum foil paper for 

insulation. The fabric samples were placed onto the top 

window of the box. One identical infrared lamp (PHILIPS, 

R125 IR R 150 W, Shanghai) was used as heat sources and 

kept at 40 cm distance to simulate solar radiation. The 

surface temperatures of the samples were detected by 

infrared camera by Fluke TIS45 Thermal Imaging Camera. 
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A model house test is used to clearly demonstrate the NIR 

shielding performance of the Cs0.32WO3 nanosheets coated 

fabric for a practical application. A model house was made 

of 1.5 cm thick planks. These planks were painted on both 

sides for thermal insulation. The treated textile and 

untreated textile were pasted onto the front of the room 

(25×30 cm2). Two identical infrared lamps were used as 

heat sources to simulate solar radiation. Two thermoelectric 

couples were employed as temperature probes to measure 

the temperature of the inside room. 

The Cs0.32WO3 coated fabrics were washed in 0.37% of 

detergent with 10 steel balls at 30 ℃for 45 min in 

accordance with a standard method AATCC 61–2003 

(Colorfastness to Laundering) with some modification, and 

then rinsed in deionized water three times. Finally, the 

Cs0.32WO3 coated fabrics were dried at 60 ℃. The whole 

washing process was equivalent to five times of repeated 

home laundering. The color fastness of the coating on the 

textile fiber was determined by SEM images. 
 

III.  RESULTS AND DISCUSSION 

A. Morphology and Crystal Structure of Cs0.32WO3 

Nanosheets 

The SEM, TEM, HR-TEM images and diffraction 

patterns of the Cs0.32WO3 nanosheets are all displayed in Fig. 

2. The morphology and size of the as-prepared samples 

were observed clearly by SEM and TEM. As shown in Fig.2 

(a), the Cs0.32WO3 nanosheets are rectangle thin sheets with 

a width of 20-30 nm, length up to 50−80 nm. Cs0.32WO3 

nanosheets show smooth and clear edges with amorphous 

impurities. The clear diffraction ring pattern shown in 

Fig.2(b) indicates that the Cs0.32WO3 nanosheets are 

polycrystalines with good crystallinity. Fig. 2(c) shows 

HRTEM image of Cs0.32WO3 nanosheet, which allows the 

direct imaging of Cs0.32WO3 nanosheets atomic structure. In 

this image, it can be seen that Cs0.32WO3 nanosheets are 

single-crystalline with spacing between lattice fringes of 

approximately 0.365 nm. This calculated distance between 

the lattice fringes agreed well with the inter-planar spacing 

(100) direction of Cs0.32WO3 nanosheet crystal. Fig. 2(d) 

present the SEM image of Cs0.32WO3 nanosheets are even 

and uniform in the same size. However, Cs0.32WO3 

nanosheets tend to aggregate because there is no driving 

force on the surface of the nanoparticles to keep them apart. 

Fig. 2 (e) shows XRD patterns of Cs0.32WO3 nanosheets. 

A strong characteristic peak at 2θ of 27.9 ° is attributed to 

the crystal face of (200) plane of Cs0.32WO3. Weak 

characteristic peaks at 2θ of 23.4◦, 33.8◦ and 36.6◦ are 

assigned to the (002), (112) and (202) reflection lines of 

Cs0.32WO3, respectively. The XRD patterns identified by the 

JCPDS card (file No 83–1334) reveal that the Cs0.32WO3 

nanosheets are polycrystalline with a characteristic square 

crystal structure without any unwanted phase formation. 

EDS analysis is shown in Fig. 2(f), C is attributed to the 

carbon tape. Cs0.32WO3 nanosheets contain elements of 

Tungsten (W), oxygen (O) and cesium (Cs). The atomic 

ratios of Cs/W is 0.43, which is a little higher than the 

theoretical value of 0.32. This maybe because EDS is semi-

quantitative characterization and some Cs2CO3 remained in 

the samples. However, the results can still confirm that 

cesium was successfully doped in WO3 structure. 

 IR spectrum of Cs0.32WO3 nanosheets is shown in Fig.2 

(g). In the 5-10μm and 15-25 μm regions, the IR 

transmittance is low, which means Cs0.32WO3 nanosheets 

can block the NIR and FIR transmission. Interestingly, in 

the 10-15 μm region, which is human body infrared 

emission range, the IR transmittance of Cs0.32WO3 

nanosheets is much higher. It allows the IR emits from the 

human body can be transferred to the environment rather 

than be surpassed in the air gap between clothing and the 

human body. An illustration shown as Fig.2(h) can further 

explain the function of the Cs0.32WO3 nanosheets coated 

cotton fabric. The Cs0.32WO3 nanosheets that coated cotton 

fabric absorbs the NIR radiation from the sun and convert it 

into FIR emission to minimize the NIR contact with skins 

and temperature of air gap between human body and 

clothing increase. On the other hand, the far IR emits from 

clothing can enhances blood circulation and metabolism as 

well as promotes the recovery of fatigued muscles for 

therapeutic and health care purposes. In addition, the 

Cs0.32WO3 nanosheets coated fabric shows high 

transmittance to IR that emits from human body at 

wavelength of 5-10 μm. This means that the coated fabric 

facilitates thermal radiation to release to the environment. 

Therefore, the Cs0.32WO3 nanosheets coated fabric could 

possess NIR shielding property, FIR emission for health 

care and high FIR transmittance for heat release at the same 

time. This multifunctional fabric can be achieved by using 

single material-- Cs0.32WO3 nanosheets. 
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Fig. 2. Characterization of synthesized Cs0.32WO3 nanosheets: (a) TEM 

image, (b) diffraction ring pattern, (c) high resolution TEM image and (d) 

SEM image of Cs0.32WO3, (e) XRD pattern, (f) EDS spectrum, and (g) IR 

spectrum of Cs0.32WO3 nanosheets, and (h) illustration of NIR absorption of 

Cs0.32WO3 nanosheets coated cotton fabric. 

 

B. Surface Morphology of Cs0.32WO3 Coated Cotton 

Surface morphology of the original and Cs0.32WO3 

nanosheets coated cotton fibers were observed by SEM as 

presented in Fig. 3. It can be seen that the surface of original 

cotton fibers is rough with some small grooves in Fig. 3(a). 

A few granules are observed on the surface of cotton fibers 

due to impurities such as hemicelluloses, lignin, waxes and 

oils. The appearance of the original cotton is white (Fig. 3 

(b)). Fig. 3 (c) shows PDDA treated cotton fiber. A thin film 

was formed on the surface of the fiber, which can be clearly 

observed from gaps between fibers. A thin film bridges 

between the fibers can be observed from SEM image. The 

surface of the cotton fiber becomes rougher and wrinkled, 

which means PDDA was successfully coated on the surface 

of the fiber. In addition, PDDA is colorless (PDDA treated 

cotton is still in white color) and it doesn’t influence the 

color of the fabric as shown in Fig. 3(d). The purpose of 

pretreatment of PDDA is to facilitate deposition of 

Cs0.32WO3 nanosheets on the fiber. This is because cotton 

fibers carry negative charges in the neutral solution due to 

full with hydroxyl groups as well as the Cs0.32WO3 

nanosheets. The electrostatic repulsion between Cs0.32WO3 

nanosheets and cotton fibers makes it difficult for dense 

deposition and good adhesion. However, after being treated 

with PDDA, which is a kind of polymer that carries positive 

charges, the surface of the cotton fiber is covered with a thin 

PDDA film. The surface of the cotton fiber carries positive 

charges after PDDA modification, which is benefit for 

deposition of negative charged Cs0.32WO3 nanosheets due to 

the electrostatic attraction. As shown in Fig. 3(e), it can be 

seen from SEM image that Cs0.32WO3 nanosheets are 

densely coated on the surface of the cotton fiber. Almost the 

surface of cotton fibers was fully covered by Cs0.32WO3 

nanosheets, which is better for NIR shielding properties. 

The color of the cotton fabric changes from white to blue 

(Fig. 3(f)), which comes from Cs0.32WO3 nanosheets. The 

deeper the color is, the more Cs0.32WO3 nanosheets are 

coated [16]. 

Washing fastness is very important for the coating on the 

textile. It can be seen from Fig. 3(g) and (h), the surface of 

the cotton fiber is still densely covered by Cs0.32WO3 

nanosheets after washing in accordance with AATCC 61. 

Even the loose Cs0.32WO3 nanosheet aggregations are 

washed away due to vigorous washing procedures, this 

small amount of Cs0.32WO3 nanosheets didn’t influence the 

color and performance of the Cs0.32WO3 nanosheets coated 

fabric, which will be discussed in the following part. This 

can be explained by that electrostatic attraction between the 

fibers and aggregations is not strong enough to overcome 

gravity of big aggregation and friction between steel balls 

and fibers. The Cs0.32WO3 nanosheets aggregation floated 

over, while the Cs0.32WO3 nanosheets thin film on the fiber 

surface. The small size Cs0.32WO3 nanosheets adsorbed on 

the surface of the fiber show better adhesion strength due to 

large surface area contact. The appearance of the Cs0.32WO3 

nanosheets coated fabric after washing is almost same with 

the unwashed one (The color of washed Cs0.32WO3 

nanosheets coated fabric remains blue as unwashed). The 

SEM and digital images show that the Cs0.32WO3 nanosheets 

coated fabric with pretreatment of PDDA shows good 

washing fastness.  
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Fig. 3. (a) SEM and (b) digital images of original cotton; (c) SEM and (d) 

digital images of PDDA treated cotton, (e) SEM and (f) digital images of 

Cs0.32WO3coated cotton and (g) SEM and (h) digital images of Cs0.32WO3 

coated cotton fabric after washing. 

 

C. ATR IR Spectra and Surface Topography of Cs0.32WO3 

Coated Cotton 

ATR IR spectra of original, PDDA treated and Cs0.32WO3 

nanosheets coated cotton are shown in Fig. 4(a). The spectra 

show less difference in these three samples. The 

characteristic peaks are all attributed to cellulose. The 

characteristic peaks from PDDA and Cs0.32WO3 nanosheets 

are not observed in the spectra because the amount of 

PDDA is less. The Cs0.32WO3 nanosheets show no peaks as 

shown in Fig.2(g). The IR spectra show that the PDDA is in 

a low amount that didn’t influence the chemical structure of 

cotton. 

Atomic force microscopy (AFM) was used to 

characterize the surface topography of Cs0.32WO3 

nanosheets coated cotton fibers with treatment of PDDA. 

Fig. 4 (b) and (c) show the AFM 2D and 3D high sensor 

representations of Cs0.32WO3 nanosheets coated cotton fibers, 

respectively. The 2D and 3D images show that the surface 

of the cotton fiber is rough with some particles coated on 

the rough surface. The surface roughness increases not 

obviously due to nanoscale of coating and shape of 

Cs0.32WO3 is nanosheet with thin thickness. The original 

surface of the cotton fiber shows microscale roughness in 

SEM images, while the nanoscale roughness of Cs0.32WO3 

nanosheets coated fabric increased after coating. To further 

investigate the surface topography of coated fiber, the 

average surface roughness of the five selected cross-section 

lines on the fiber was calculated by the software. The 

average calculated value of roughness (Ra) obtained for 

Cs0.32WO3 nanosheets coated cotton fibers is 12.68 nm. The 

results confirm that the Cs0.32WO3 nanosheets coating 

doesn’t cause much surface roughness increasing due to 

small size and thin thickness of Cs0.32WO3 nanosheets. The 

irregular round shape of Cs0.32WO3 nanosheetswas causing 

by the deviation in the plane image resulting from the 

broadening effect of the AFM tip. The height sensor results 

are accurate. The relatively smooth surface after coating is 

also benefit for washing fastness. Actually, shape of 

Cs0.32WO3 nanosheets is rectangle sheets with large surface 

area around 58 m2/g. Large surface area of Cs0.32WO3 

nanosheets contacts with cotton fiber so that they are 

adhered on the surface of the fiber firmly. The AFM results 

confirm the Cs0.32WO3 nanosheets densely coating on the 

surface of cotton fiber and not causing much surface 

roughness increasing. 

 

 
 

 
 

 
Fig. 4. (a) ATR IR spectra and AFM (b) 2D and (c) 3D images of 

Cs0.32WO3 nanosheets coated fabric. 

 

D. Near Infrared Shielding and Far Infrared Emission 

Properties of Cs0.32WO3  Nanosheets Coated Cotton Fabric 

A simulation test was conducted to study the NIR 

shielding property of Cs0.32WO3 coated fabric. The infrared 

lamp simulates the solar radiation and an insulated box with 

a window on top simulates the environment under sample. 

The window was covered by original fabric and Cs0.32WO3 

nanosheets coated one to compare the NIR shielding 
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property of Cs0.32WO3 coated fabric with the original one (as 

shown in Fig.5 (b)). 

The surface temperature of Cs0.32WO3 nanosheets coated 

fabric is shown in top of Fig. 5(a). The surface temperature 

of the original cotton fabric and Cs0.32WO3 nanosheets 

coated fabric increased from 27 °C to 33.7°Cand 64.0 °C 

within 5 min after radiation, respectively. Then a thermal 

equilibrium is reached. The surface temperature of samples 

were recorded by IR camera as shown in Fig. 5(c). IR 

camera uses color distribution to show the temperature 

distribution on the surface. The whiter the color is, the 

higher the temperature is. The IR images on the right side 

confirms the temperature increase of the Cs0.32WO3 coated 

fabric. The temperature of yellow-white area is much higher 

than that of purple area. The surface temperature of original 

cotton and PDDA treated cotton is 33.7 °C, which is much 

lower than that of Cs0.32WO3 coated fabric (64.0 °C) after 20 

min radiation. This phenomenon suggests that Cs0.32WO3 

nanosheets adsorb large amount of NIR, and then increase 

their own temperature to transfer it into FIR, while original 

cotton fabric allows NIR transfer to human skin. The results 

show that the Cs0.32WO3 coated fabric possess excellent NIR 

shielding and FIR emission properties (The temperature of 

Cs0.32WO3 coated fabric increases to 64.0 °C). The 

phenomenon can be explained by that cotton fabric is 

regarded as a black body. The IR radiation is emitted by 

matters (the temperature is higher than absolute zero) 

according to Planck's law. This means that it has a spectrum 

that is determined by the temperature alone, not by the 

body's shape or composition. Therefore, the Cs0.32WO3 

coated fabric emits far infrared with wavelength ranging 

from 5μm to 100μm at this temperature, which is benefit to 

human body without much thermal effect.  

Two model houses were used to demonstrate the IR 

shielding property of Cs0.32WO3 coated fabric as shown in 

Fig. 5(d). The inside temperatures of the both two model 

houses are 12.3°C before simulated solar radiation. Two 

lamps were set up in front of the model houses. After 5 min 

irradiation, temperature-difference between the inner-rooms 

with Cs0.32WO3 coated fabric and uncoated fabric was 

significant (Cs0.32WO3 coated fabric is 4.5 °C lower than 

original one), which suggested that a significant amount of 

irradiation was blocked by the Cs0.32WO3 coated fabric. This 

result also confirms that Cs0.32WO3 coated fabrics have 

excellent thermoregulation effects. 

 

 

  
 

 
 

 
Fig.5. NIR shielding property and FIR emission of Cs0.32WO3 coated fabric: 

(a) temperature of the samples surface, (b) illustration of simulation test 

device, (c) IR and digital images of the surface temperature of original and 

Cs0.32WO3 coated fabrics, and (d) model house demonstration of before and 

after 5 min simulated solar radiation. 

 

IV. CONCLUSION 

In this study, Cs0.32WO3 nanosheets were synthesized 

through ball milling process, which is waterless and 

environmental friendly. Cs0.32WO3 nanosheets were self-

assembled on the surface of cotton with treatment of PDDA 

for NIR shielding and FIR emission purposes. The surface 

morphology, crystal structure, NIR shielding and FIR 

emission of Cs0.32WO3 coated cotton fabrics were 

investigated. The results shows the Cs0.32WO3 nanosheets 
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are rectangle nanosheets with thin thickness and good 

crystalline. Cs0.32WO3 nanosheets are evenly and firmly 

coated onto the cotton fabrics treated with PDDA and the 

as-prepared samples show very good NIR shielding 

property of lowering the inner-rooms temperature of 4.5°C 

and washing durability were comprehensively maintained. 

In addition, Cs0.32WO3 coated cotton fabric converts NIR 

into FIR to decrease the thermal transfer towards the skin. 

This kind of NIR shielding and FIR emission fabric shows 

great potential applications in physical therapy area, 

household textiles, outdoor textiles and so on. The large 

scale fabrication of Cs0.32WO3 nanosheets and coated 

textiles can be achieved by ball-milling and self-assembly 

methods, respectively, even though they are a little time 

consuming. 
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